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Summary  

Precision health entails disease risk assessment for individuals, early detection of preclinical con-

ditions, and the implementation of preventive and therapeutic strategies. Multi-omics techniques 

enable detailed molecular and physiological profiling, thereby advancing towards the goal of pre-

cision health. Globally, chronic kidney disease (CKD) affects approximately 9.1% of the general 

population. Diabetes mellitus is a leading cause of CKD, and the prevalence and burden of (pre) 

diabetes-related CKD are increasing worldwide. CKD is a multifactorial disease manifested by 

an assortment of pathological processes. Although various aspects of CKD have been investi-

gated, currently established risk factors have limited predictive power, the effects of proposed 

(candidate) biomarkers are inconsistent across studies, and the systematic biological mechanism 

is still uncertain, especially in individuals with (pre-) T2D, a hyperglycemic population at high 

risk for CKD. 

Based on multi-omics (i.e., genotyping, DNA methylation, gene expression, proteomics, metab-

olomics) and clinical assessment data of the longitudinal population-based KORA (Cooperative 

Health Research in the Region of Augsburg) cohort, this thesis aims to contribute to improving 

precision health of CKD in hyperglycemic individuals by enhancing early detection, illustrating 

the condition-specific effects of identified candidate biomarkers, and expanding our knowledge 

of the systematic biology.  

This thesis first proposed a concise prediction model demonstrating superior predictive capacity 

for incident CKD in hyperglycemic individuals, consisting of seven predictors (age, fasting glu-

cose, total cholesterol, estimated glomerular filtration rate (eGFR) values, urinary albumin-creat-

inine ratio (UACR) values, sphingomyelin (SM) C18:1, and phosphatidylcholine diacyl (PC aa) 

C38:0). A genome-wide polygenic score (GPS) for eGFR (GPSeGFR) values was constructed using 

KORA Follow Up 4 individuals and replicated in the UK biobank cohort, which demonstrated 

consistent improvement in prediction of incident CKD in hyperglycemia and improved the per-

formance on top of these seven predictors. Moreover, 120 multi-omics molecules of prevalent 

CKD in hyperglycemia were identified, of which 64 (two CpGs, two RNAs, 46 proteins and 14 

metabolites) were successfully replicated.  In multi-omics prediction, supplementing current sug-

gested predictor sets with omics levels from GPSeGFR, candidate proteins and metabolites was 

found to improve the prediction performance of future CKD in hyperglycemia.  

To determine if the effects of candidate biomarkers of CKD (prevelant/incident) were specific for 

hyperglycemia, their interaction effects were investigated. SM C18:1 and PC aa C38:0 of CKD 

(prevalent and incident), and 58 of 64 multi-omics candidates of prevalent CKD were only sig-

nificant in the hyperglycemic subgroup, particularly SM C18:1, indicating that these molecules 

may have an interaction effect on CKD with glycemic status.  

To better elucidate the intricate biological processes of hyperglycemia-related CKD, we con-

structed eight subnetworks for T2D-related CKD (T2DCKD) and categorized our identified 

multi-omics candidates into them. In hyperglycemia, 18 of 64 replicated candidates with prevalent 

CKD were associated with GPSeGFR and demonstrated mediation effects with GPSeGFR and eGFR. 

Bi-directional two-sample Mendelian randomization supported that 19 candidates may have a 

causal relationship with kidney traits (CKD, eGFR, and UACR). These genetic evidence support 
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that the revealed candidate biomarkers may be part of the upstream/downstream pathways of 

CKD, eGFR or UACR. In addition, 64 replicated candidates were classified based on their direc-

tions of eGFR/UACR, and their potentially involved pathophysiological T2DCKD processes 

were displayed within each group. Different groups of candidate biomarkers presented diverse 

relationships of kidney phenotypes (kidney function or kidney damage) and distinct patterns of 

underlying pathogenetic processes, which will help to improve insights of identifying personal-

ized therapeutic targets for hyperglycemia-related CKD.  

The connections between candidate biomarkers from different omics levels and whether they 

share the same pathways are still unresolved. To enlarge our knowledge of this topic, this thesis 

utilized Gaussian graphical modeling and causal mediation analyses to examine how different 

levels of omics molecules (i.e., CpGs, RNAs, proteins and metabolites) that were associated with 

CKD in hyperglycemia interacted with one another. Thus, potential new causal links, relevant 

molecular pathways, and probable key drivers of the pathways were identified. In addition, three 

distinct subgroups of CKD patients with hyperglycemia were identified using three potential 

novel proteins (i.e., NBL1, EFNA5 and JAM2), confirming that distinct dominant pathological 

processes in distinct subgroups of CKD patients could result in distinct theoretical therapeutic 

targets.  

In conclusion, this thesis demonstrates that multi-omics profiles can aid in the early detection of 

future CKD, the identification of subgroups of susceptible populations, and the advancement of 

systematic biological understanding of CKD in the hyperglycemic population. This thesis delves 

into the complex multi-omics landscape of CKD in hyperglycemia and demonstrates how multi-

omics profiles can provide important contributions towards precision health. 
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Zusammenfassung󠆷  

Präzisionsgesundheit umfasst die Bewertung des Krankheitsrisikos individuell für ein 

Individuum, die frühzeitige Erkennung präklinischer Zustände, sowie die Umsetzung präventiver 

und therapeutischer Strategien. Multi-omics-Techniken ermöglichen eine detaillierte molekulare 

und physiologische Profilerstellung und bringen so das Ziel der Präzisionsgesundheit voran. 

Weltweit sind etwa 9,1 % der Bevölkerung von chronischen Nierenerkrankungen (CKD) 

betroffen. Diabetes mellitus ist eine der Hauptursachen für CKD, und die Prävalenz und Belastung 

durch (prä-)diabetesbedingte CKD nehmen weltweit zu. CKD ist eine multifaktorielle 

Erkrankung, die sich durch eine Reihe von pathologischen Prozessen manifestiert. Obwohl 

verschiedene Aspekte der CKD untersucht wurden, haben bedingte etablierte Risikofaktoren nur 

eine begrenzte Vorhersagekraft, die Auswirkungen der vorgeschlagenen Biomarker (-

Kandidaten) sind in verschiedenen Studien uneinheitlich, und der systematische biologische 

Mechanismus ist immer noch ungewiss, insbesondere bei Personen mit (Prä-) T2D, eine 

hyperglykämische Bevölkerung mit hohem CKD-Risiko.   

Auf der Grundlage von Multi-omics (d.h. Genotypisierung, DNA-Methylierung, Genexpression, 

Proteomics, Metabolomics) und klinischen Beurteilungsdaten der bevölkerungsbasierten KORA-

Kohorte (Kooperative Gesundheitsforschung in der Region Augsburg) soll diese Arbeit einen 

Beitrag zur Verbesserung der Präzisionsgesundheit von CKD bei hyperglykämischen Personen 

leisten, indem sie die Früherkennung verbessert, die Bedingungsspezifisch Auswirkungen 

identifizierter Kandidaten-Biomarker veranschaulicht und unser Wissen über die Systembiologie 

erweitert. 

In der vorliegenden Arbeit wurde zunächst ein prägnantes Modell entwickelt, das bei 

hyperglykämischen Personen eine überdurchschnittliche Vorhersagekraft für das Auftreten von 

CKD aufweist und sieben Variablen umfasst (Alter, Nüchternglukosestatus, Gesamtcholesterin, 

geschätzte glomeruläre Filtrationsrate (eGFR), Urin-Albumin-Kreatinin-Verhältnis (UACR), 

Sphingomyelin (SM) C18:1 und Phosphatidylcholin-Diacyl (PC aa) C38:0). Dabei wurde ein 

genomweiter polygener (polygenetischen) Score (GPS) für eGFR-Werte (GPSeGFR) unter 

Verwendung von KORA Follow Up 4-Individuen konstruiert und in der britischen Biobank-

Kohorte repliziert, was eine konsistente Verbesserung der Vorhersage von CKD-Inzidenzen bei 

Hyperglykämie aufzeigte und dies zusätzlich zu diesen sieben Vorhersagevariablen verbesserte. 

Darüber hinaus wurden 120 Multi-omics-Moleküle, identifiziert, die für  prävalente CKD bei 

Hyperglykämie in Frage kommen, von denen 64 (zwei CpGs, zwei RNAs, 46 Proteine und 14 

Metaboliten) erfolgreich repliziert wurden.  Bei der Multi-omics-Vorhersage zeigte sich, dass die 

Ergänzung der derzeit vorgeschlagenen Variablen durch omics-Werte von GPS, Protein- und 

Metabolitenkandidaten die Vorhersageleistung für zukünftige CKD bei Hyperglykämie noch 

weiter verbessert.  

Um festzustellen, ob die Auswirkungen der Biomarkerkandidaten für CKD (Prävalenz/Inzidenz) 

spezifisch für Hyperglykämie sind, wurden ihre Interaktionseffekte untersucht. Des Weiteren 

waren SM C18:1 und PC aa C38:0 für CKD (prävalent und inzident), sowie 58 von 64 Multi-

omics-Kandidaten für prävalente CKD nur in der hyperglykämischen Untergruppe signifikant, 
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insbesondere SM C18:1, was darauf hindeutet, dass diese Moleküle möglicherweise einen 

Interaktionseffekt auf CKD mit dem glykämischen Status haben.  

Um die komplizierten biologischen Prozesse der Hyperglykämie-bedingten CKD besser zu 

verstehen, konstruierten wir acht Subnetzwerke für T2D-bedingte CKD (T2DCKD) und 

klassifizierten unsere identifizierten Multi-omics-Kandidaten in diesen. Bei Hyperglykämie, 18 

von den 64 replizierten Kandidaten waren mit der GPSeGFR assoziiert und zeigten 

Mediationseffekte mit GPSeGFR und eGFR. Die bidirektionale Mendelsche Randomisierung mit 

zwei Stichproben ergab, dass 19 Kandidaten eine kausale Beziehung zu Nierenparametern (CKD, 

eGFR und UACR) haben könnten.  Diese genetischen Beweise sprechen dafür, dass die 

entdeckten Biomarkerkandidaten Teil der vor- / nachgelagerten Pfade von CKD, eGFR oder 

UACR sein könnten. Es wurden  64 replizierte Kandidaten auf der Grundlage ihrer Richtung der 

eGFR/UACR klassifiziert und ihre potenziell beteiligten pathophysiologischen T2DCKD-

Prozesse innerhalb jeder Gruppe dargestellt. Verschiedene Gruppen von Biomarker-Kandidaten 

zeigten unterschiedliche Beziehungen von Nieren-Phänotypen (Nierenfunktion oder 

Nierenschäden) und unterschiedliche Muster der zugrunde liegenden pathogenetischen Prozesse, 

die zur Verbesserung der Einblicke in die Identifizierung personalisierter therapeutischer Ziele 

für Hyperglykämie-bedingte CKD beitragen werden. 

Die Zusammenhänge zwischen Biomarkerkandidaten aus verschiedenen Omics-Ebenen und die 

Frage ob sie dieselben Signalwege nutzen, sind noch nicht geklärt. Um dies besser zu verstehen 

wurden in dieser Arbeit Gaußsche grafische Modellierung und kausale Mediationsanalysen 

eingesetzt, um zu untersuchen, wie verschiedene Ebenen von Omics-Molekülen (d. h. CpGs, 

RNAs, Proteine und Metaboliten), die mit CKD bei Hyperglykämie assoziiert waren, miteinander 

interagierten. So wurden potenzielle neue kausale Zusammenhänge, relevante molekulare Pfade 

und mögliche Schlüsselfaktoren dieser Pfade identifiziert. Weiterhin wurden drei verschiedene 

Untergruppen von CKD-Patienten mit Hyperglykämie anhand von drei potenziellen neuen 

Proteinen (i.e., NBL1, EFNA5 and JAM2) identifiziert. Dies bestätigt, dass verschiedene 

dominante pathologische Prozesse in verschiedenen Untergruppen von CKD-Patienten zu 

verschiedenen theoretischen therapeutischen Zielen führen können.  

Zusammenfassend zeigt die vorliegend Dissertation, dass Multi-omics-Profile bei der 

Früherkennung von Nierenerkrankungen, der Identifizierung von Untergruppen anfälliger 

Bevölkerungsgruppen, sowie zu einem systematischen und biologischen Verständnis von CKD 

in der hyperglykämischen Bevölkerung signifikant beitragen können. Diese vorliegende Arbeit 

befasst sich mit der komplexen Multi-omics Landschaft von CKD bei Hyperglykämie und zeigt 

weiter, wie Multi-omics-Profile zur Präzisionsgesundheit beitragen können. 
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1. Backg󠆷round  

1.1 Precision health and multi-omics techniques 

Large-scale multi-omics profiling together with clinical measurements can provide a more com-

plete understanding of the biological processes underlying disease, allowing for improvement of 

personalized risk prediction, patient stratification, and assignment of molecularly specific treat-

ments, thereby enabling precision health.  Zierer et al. 1 identified seven models representing 

distinct aspects of aging in participants from Twins UK cohort through integration of epige-

nomics, transcriptomics, glycomics and metabolomics with disease traits. This study demonstrate 

age-related disease is interconnected and that integrating omics data can reveal novel molecular 

networks underlying complex phenotypes. Through deep profiling of transcriptomics, metabo-

lomes, cytokines, proteomics and microbiome, Zhou et al. 2 provided essential insights into the 

pathways and responses that differ between glucose-dysregulated and healthy individuals during 

health and disease. This study also identified early personal molecular signatures of onset of type 

2 diabetes (T2D) in one individual, such as high-sensitivity C-reactive protein (CRP). Another 

study 3 from the same cohort have reported the identification of over 67 clinically actionable 

health discoveries and multiple molecular pathways relevant to metabolic, cardiovascular, and 

oncologic pathophysiology through integration of clinical measures, genome, immunome, tran-

scriptome, proteome, metabolome, microbiome and wearable monitoring. This study concluded 

that deep longitudinal profiling can result in actionable health discoveries that contributed to pre-

cision health.  Liu et al. 4 identified five subgroups of hepatocellular carcinoma with distinct mo-

lecular signatures and each with a different survival rate through integrating data on genomic 

copy number variations, genomic methylation, transcriptome and small transcriptome. These 

studies show that multi-omics profiles have capacity to inform precision health of disease. 

1.2 The g󠆷lobal burden of CKD and the contribution from (pre-) T2D  

Chronic kidney disease (CKD) affects approximately 9.1% of the general population worldwide 
5. CKD is also associated with substantial mortality worldwide. According to World Health Or-

ganization (WHO) global health estimates, CKD claimed 1.5% of deaths worldwide, 1.1% of 

disability-adjusted life-years and 1.3% of life years lost in 2012 6. The burden of CKD has con-

tinued to grow as the global all-age mortality rate from CKD increased by 41.5% from 1990 to 

2017, totaling 1.2 million deaths in 2017 5.  Moreover, in 2017, 1.4 million additional deaths from 

cardiovascular disease were attributed to impaired kidney function 5.   

Diabetes mellitus is a leading cause of CKD, which accounts for 30% to 50% of all CKD cases 

when compared to other established risk factors for CKD 6.   Diabetes also contributed the most 

disability-adjusted life-years for CKD in absolute terms in 2017.  Only in 2017, CKD caused by 

T2D resulted in 8.1 million disability-adjusted life-years. Moreover, T2D was the only cause of 

CKD to show a significant increase in the age-standardised disability-adjusted life-years rate, 

which increased by 9.5% between 1990 and 2017 5.  Additionally, undiagnosed diabetes and pre-
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diabetes have been related with a high prevalence of CKD in US, European and Asian populations 
7-10. 

1.3 Complex biolog󠆷ical processes of hyperg󠆷lycemia-related CKD 

CKD is a multifactorial disease characterized by a variety of pathological processes. A single 

process can have an effect on multiple phenotypes and/or other processes involved in the patho-

genesis of CKD, for instance, the renin-angiotensin system, which regulates blood pressure and 

causes hypertension, also increases inflammation and renal fibrosis 11.  Ectopic lipid accumulation 

and incomplete fatty acid beta-oxidation caused by mitochondrial dysfunction contribute to the 

development of kidney diseases 12. Adipose tissue and adipokines have been shown to have a 

direct relationship with kidney disease and contribute more than other biological elements 13 to 

the regulation of T2D-related CKD (T2DCKD). Convincing evidence suggested that the for-

mation and accumulation of advanced glycation end products is mediating progressive changes 

in kidney structure and loss of kidney function 14. The intrarenal renin-angiotensin system (RAS) 

plays a crucial role in regulating glomerular hemodynamics and hypertrophy and sclerosis of glo-

meruli 14. Hyperglycemia drives the process of excessive deposition of extracellular matrix pro-

tein (ECM) that is a hallmark of diabetes kidney disease (DKD) 15.  Increased ECM deposition 

can lead to thickening of the glomerulus and tubule basement membrane, and increased mesangial 

matrix eventually results in glomerular sclerosis and tubulointerstitial fibrosis 16.  Activation of 

innate immunity (NLRP3 inflammasome, TLR signaling, and cellular responses (such as macro-

phage activation)) has been shown to coordinate kidney inflammation in DKD 17. Abnormal an-

giogenesis is a well-defined complication of DKD 18.  Hypoxia and oxidative stress in the kidney 

are the main inducers of angiogenesis. It promotes angiogenesis to counteract hypoxia 19 by up-

regulating VEGF and its receptor KDR 20. Patients with CKD or DKD exhibit distinct pathologi-

cal processes and respond differently to various treatments, requiring the development of targeted 

theoretical therapeutic strategies for different subgroups of CKD patients. 

1.4 Current omics studies in (hyperg󠆷lycemia-related) CKD 

The search for effective prevention strategies and optimal therapeutic targets for CKD is fraught 

with difficulties due to the disease's molecular complexity and complications. The availability of 

large-scale omics data sets (e.g., genomics, epigenetics, transcriptomics, proteomics, and metab-

olomics) has revolutionized biology and resulted in the emergence of systematic approaches for 

advancing our understanding of the biological processes underlying CKD and related kidney traits 

in order to benefit prevention, develop biomarkers and drugs.  

Genotyping. Genome-wide association studies (GWAS) have identified a multitude of genetic 

variants associated with CKD and related kidney traits, igniting interest in the use of genetic in-

formation to study their biology, causality and improve prediction 21-25. Mendelian randomization 

(MR) 26 is used to estimate the causality of an observed association, which used genetic variants 

as instruments to overcome the limitations (i.e. confounding and reverse causality) of classical 

epidemiological studies. Through aggregating genome-wide genetic variants into a single score 
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that reflects an individual's disease risk, genome-wide polygenic score (GPS) 27 captures the pol-

ygenic structure of complex diseases, including kidney disease. These two GWAS-based ap-

proaches open up new avenues for studying CKD and related kidney traits. 

Methylation. Increasing evidence suggests that epigenetic mechanism involving DNA methyla-

tion, histone modifications and non-coding RNAs contribute to the regulation of DKD character-

istics such as an accumulation of extracellular matrix 28. Numerous epigenome-wide association 

studies (EWAS) in populations with CKD or DKD have advanced our understanding of the epi-

genetic mechanisms underlying CKD and DKD, revealing that methylation changes were associ-

ated with ageing, inflammation, cholesterol 29, renal fibrosis 30, mitochondrial function 31 or oxi-

dative stress pathways 32, etc. However, many of these early EWAS of kidney disease were con-

strained by cross-sectional designs with relative small sample sizes and the absence of longitudi-

nal follow-up and replication studies 28.  A EWAS with a large sample size (N = 4,859) has high-

lighted epigenetic variation associated with kidney function. It identified and replicated 19 CpG 

sites associated with estimated glomerular filtration rate (eGFR) or CKD, five of which were also 

associated with renal fibrosis in biopsies from CKD patients and demonstrated consistent DNA 

methylation changes in the renal cortex 33. Another study showed that changes of kidney cytosine 

methylation could improve the estimation of kidney function decline in patients with DKD, and 

that the methylation probes associated with kidney functional decline and injury were located in 

regulatory regions of the kidney, which are associated with changes in gene expression 34.  A 2021 

meta-analyses of EWAS for eGFR (N = 33,605) and UACR (N = 15,068) provided causal evi-

dence for the effect of methylation at PHRF1, LDB2, CSRNP1 and IRF5 on kidney function via 

two-sample MR (2SMR) 35. 

Gene expression.  Gene expression biomarkers of kidney diseases have been identified using a 

variety of human samples such as kidney biopsies, urine or circulatory blood 36.  Urinary epider-

mal growth factor (EGF) protein was an independent risk predictor for CKD progression and was 

capable of improving the prediction of disease events in populations with CKD on top of standard 

clinical variables.  EGF expression in the tubulointerstitial compartment has been proposed as a 

predictive biomarker of eGFR 37. Another transcriptome study reported 96 genes were upregu-

lated in glomerular gene expression profile of individuals with diabetes-related kidney disease, 

while over 500 genes such as insulin-like growth factor binding protein 2 (IGFBP2) were down-

regulated 38. Patients with CKD stage 4-5 had higher gene expression levels of COX6C, COX7C, 

ATP5ME, and UQCRH in peripheral blood mononuclear cells compared to those with CKD stage 

2-3 or non-CKD 39. In all stages of DKD, increased serum levels of VEGF, MCP-1, EGF and 

FGF-2 were observed 40.  

Proteomics. Numerous novel biomarkers for kidney disease have been published, with the ma-

jority of these biomarkers being proteins. It reflects the fact that proteins integrate genomic infor-

mation and environmental influences, are involved in nearly all biological processes, and repre-

sent the targets for the majority of drugs 41. Several proteins have been proposed and validated to 

be novel biomarkers of kidney disease in varying degrees. For instance, different studies have 

demonstrated that concentrations of serum cystatin C is superior to serum creatinine for assess-

ment of GFR 42-44. When serum cystatin C was added to serum creatinine and albuminuria, the 
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predictive accuracy for all-cause mortality and end-stage renal disease was increased 45. Addi-

tionally, higher plasma levels of IL6 were observed in elderly patients with renal insufficiency 46 

and patients with stage 3-5 CKD 47, but IL6 was not significantly associated with eGFR 47. Ele-

vated plasma levels of resistin were associated with CKD, reduced eGFR and the presence of 

inflammatory biomarkers 48. Moreover, levels of circulatory adiponectin elevated in patients with 

endothelial dysfunction and stage ≥ 3 CKD 49. However, adiponectin levels were not associated 

with renal function in men with T2D 50. Although circulatory levels of several proteins have 

shown potential to be used as biomarkers of kidney disease, some candidate markers have not 

been replicated. A number of biomarkers support the role of (chronic) inflammation in CKD, 

however, their utility as markers of CKD itself is debatable. It could be a reflection of the complex 

and multifactorial characteristics of CKD. Moreover, discrepancies between studies of particular 

biomarkers, such as adiponectin, may reflect the fact that relationships with CKD occur only in 

very specific situations  41. 

Metabolomics.  The associations between metabolite profiles and CKD have been widely inves-

tigated in general and T2D population 51-53. For instance, the kidney plays a role in biosynthesis 

of carnitine and its excretion into plasma and urine 54.  Acylcarnitines (ACs) concentrations indi-

cate beta-oxidation of fatty acids 55. The occurrence of ACs in serum, plasma and urine is indica-

tive of mitochondrial dysfunction. Higher plasma concentrations of ACs occurred in individuals 

with reduced eGFR 56. Another example is that several lipid classes (sphingolipids, fatty acids, 

sterols and glycerolipids) show potential as biomarkers for CKD.  The most common lipids of 

sphingolipids are sphingomyelins in humans. Moreover, multiple metabolites such as amino acids 

and lipid metabolites (choline, lysophosphatidylcholines 18:2 and 18:1) were identified to be sig-

nificantly associated with incident CKD in Framingham Heart Study 57. 

1.5 Inadequate early detection of CKD  

With the global increasing prevalence and burden of (pre)diabetes-related CKD, early detection 

of CKD predisposition in this high risk population can improve the opportunity to effectively 

prevent and manage this microvascular complication of diabetes. Currently, elevated urinary al-

bumin-creatinine ratio (UACR) and reduced eGFR are used to diagnose CKD 58. According to 

the report, UACR, eGFR, age, and gender were highly predictive of the progression of CKD 59. 

Moreover, albuminuria and eGFR are the most important variables for predicting the occurrence 

and progression of early CKD in individuals with T2D. However, even when combined with age 

and gender, their predictive power is moderate, with an externally verified c-statistic of 0.68 60.  

Due to the incapacity of traditional risk factors for accurately predicting of CKD in individuals 

with T2D, there is an urgent need for identifying more sensitive and specific biomarkers on top 

of baseline eGFR and UACR and proposing a suitable combination of predictors to improve early 

detection of CKD in (pre) diabetes. Moreover, whether multi-omics profiles could improve pre-

dictive performance on top of traditional risk factors is required to be explored.  
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1.6 Discrepancies of (candidate) biomarkers’ effects for kidney 

disease 

Some potential markers have been described in a single publication and their association with 

kidney disease appears to be moderate. It may reflect the complicated and multifactorial nature 

of CKD. For example, the proposed biomarker may perform well and be appropriate for use in 

children (who are less likely to have comorbidities) or in individuals with a welldefined cause of 

kidney injury, but not in conditions such as sepsis, where the onset of kidney injury is difficult to 

define 41. Furthermore, the overlap in biomarker concentrations observed in different conditions 

casts doubt on their diagnostic utility 41. IL18 was described as a valuable and sensitive urinary 

biomarker in the context of acute kidney injury (AKI) in a cohort of 124 children admitted to 

paediatric intensive care units and mechanically ventilated 61. However, the encouraging correla-

tions between neutrophil gelatinaseassociated lipocalin (NGAL), kidney injury molecule1 

(KIM1), or IL18 and kidney disease have not been replicated in other reports, most notably in 

the context of AKI 62-65. Differences between studies regarding these biomarkers most likely re-

flect their associations with kidney disease that occur in very specific circumstances. The hetero-

geneity indicates that a large number of (candidate) biomarkers for CKD have strong interaction 

effects, implying that their effects on CKD are subgroup- or condition-specific 41. To benefit from 

personalized CKD management, it is critical to investigate the interaction effects and condition-

specific effects of the identified (candidate) biomarkers.  

1.7 Paucity of systematic biolog󠆷ical understanding󠆷 of hyperg󠆷lycemia-

related CKD  

Given that not all hyperglycemic individuals develop CKD and that not all patients with CKD 

follow the same disease trajectory, it is critical to investigate their mechanisms of action in order 

to improve patient stratification and accelerate targeted screening and treatment programs. Previ-

ous studies as described above have examined various aspects of CKD or DKD. However, few 

studies have systematically integrated various types of data including genome, epigenome, tran-

scriptome, proteome, metabolome, and phenome to study CKD in individuals with pre- or T2D. 

Using multi-omics techniques to investigate CKD will give a more detailed understanding of its 

pathophysiology. CKD is a multifactorial disease with multiple pathological processes.  Although 

omics studies have proposed many (candidate) biomarkers of CKD or its related kidney traits, 

their specific roles in diabetes-related CKD remain uncertain. Due to the complex pathogenesis 

of CKD, identifying more sensitive and specific biomarkers that target the disease's pathological 

process can help us better understand the disease and possibly prevent or treat it earlier.  

Most proposed (candidate) biomarkers currently use observational data and do not investigate 

causality. Extending observation estimates to causality will increase the possibility to excavate 

the “true” relationship and directions between these candidates and kidney traits, which is critical 

to turning candidates into biomarkers. CKD is polygenic disease and the GPS can capture the 

major genetic information of phenotypes, which is helpful to identify individuals under high ge-

netic risk and investigate whether the circulatory levels of phenotype-associated-omics molecules 
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are genetically determined. Moreover, GPS can also support investigating how genetic infor-

mation flow between omics molecules and phenotypes.  

Since most (candidate) biomarkers are discovered in a single omics study, the potential interplay 

among the molecules from different omics levels has few been discussed, e.g. ACs were found to 

associate with CKD and DKD, but the potential mediating proteins still need to be discovered. 

The crosstalk among these molecules can help determine they share a pathway and identify the 

key driver of the pathway. It not only can improve the biological understanding of the disease 

processes of CKD, but also can help improve personalized prevention and drug discovery by 

tackling the key driver of the specific pathway.   

Even when eGFR and UACR are normal, there may be pathological molecular changes in the 

kidneys of individuals at risk of CKD 66. Current CKD treatments, such as RAS blockade, focus 

on delaying disease progression rather than reversing pathological damage 67. As a result, it is 

critical to identify biomarkers capable of identifying early pathological changes, predicting eGFR 

and/or UACR values, and elucidating relevant pathological processes. A panel of multiple protein 

biomarkers covering many pathophysiological processes underlying DKD may be more reliable 

and accurate to predict progression of kidney disease 41.  In light of the multiple pathogenic pro-

cesses involved, a holistic approach is the only rational strategy for preventing CKD progression 
68.  Therefore, it is important to classify (candidate) biomarkers based on their potential directions 

with eGFR and UACR, as well as their potential involvement in specific T2DCKD pathological 

processes. Thus, changes in molecular profiles within a subgroup represent potentially distinct 

changes in eGFR/UACR values (kidney function or kidney damage) and associated pathological 

processes, which may contribute to the identification of personalized therapeutic targets for hy-

perglycemia-related CKD. Moreover, CKD patients' medication response heterogeneity varies 

greatly. CKD patients with hyperglycemia necessitates the development of distinct theoretical 

therapeutic strategies. Therefore, the ability of multi-omics profiles to classify hyperglycemia-

related CKD into subgroups and the unique patterns in each subgroup require to be explored to 

benefit for targeted therapy.  

2. Contributing󠆷 papers 

This cumulative thesis comprises three papers.  

Paper I: Machine Learning Approaches Reveal Metabolic Signatures of Incident Chronic Kidney 

Disease in Individuals With Prediabetes and Type 2 Diabetes 69.  

Paper II: Validation of Candidate Phospholipid Biomarkers of Chronic Kidney Disease in Hyper-

glycemic Individuals and Their Organ-Specific Exploration in Leptin Receptor-Deficient db/db 

Mouse 70.  

Paper III: Multi-omics landscape of chronic kidney disease in individuals with prediabetes or type 

2 diabetes: from associations towards precision medicine (Huang et al.). 
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3. Rationale  

The overall objectives of this thesis are to improve early detection, understanding of the condi-

tion-specific effects of (candidate) biomarkers and systematic biological understanding of CKD 

in individuals with pre- or T2D using multi-omics techniques. The ultimate goal is to improve 

precision health of hyperglycemia-related CKD. Three studies were conducted to pursue the fol-

lowing specific research question. 

(1) Paper I aims to identify circulatory metabolite signatures and the best combination of 

predictors constructed with metabolites and clinical variables to improve early detection 

of incident CKD specific for hyperglycemia.  

(2) Paper II aims to gain a better biological understanding of the complex metabolic interac-

tions between different organs for candidate biomarkers proposed by paper I for hyper-

glycemia-related CKD using animal models, and to investigate if these metabolites are 

associated with the later stage of hyperglycemia-related CKD characterized by reduced 

eGFR. 

(3) Paper III aims to advance systematic biological understanding of molecules’ alterations 

and mechanisms underlying hyperglycemia-related CKD by utilizing multi-omics tech-

niques and to contribute to precision health for hyperglycemia-related CKD.  

4. Methods  

4.1 Study population 

KORA is a population-based study that consists of health surveys and subsequent follow-up ex-

aminations of individuals living in the Augsburg region of southern Germany 71. The details of 

study design, sampling method and data collection have been previously described 71. An over-

view of KORA study is summarized in Figure 1. Between 1999 and 2001, KORA S4 examined 

4,261 individuals. Between 2006 and 2008, the first follow-up (F4) was conducted on 3,080 in-

dividuals. Between 2013 and 2014, 2,269 participants were examined in the second follow-up 

(FF4). KORA S3 (1994-1995) and its follow-up (F3, 2004-2005) examined 4,856 and 3,006 in-

dividuals, respectively. Each baseline and follow-up examination included a self-administered 

questionnaire, physical examinations, and a collection of various biological samples. All study 

participants gave written informed consent. The KORA study was approved by the ethics com-

mittee of the Bavarian Medical Association, Munich, Germany. 

Paper I was a longitudinal study analyzing 1,838 participants from F4 and FF4. The human study 

section of paper II was a cross-sectional study involving 1,907 FF4 participants. Paper III included 

a cross-sectional design for analyzing data from F4, and a longitudinal design of analyzing data 

of S4→F4, and F4→FF4, respectively. Part of the results of paper III were replicated in the F3 

study (Figure 1).   
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Figure 1. Overview of the baseline surveys and follow-up examinations of KORA study, but 

does not include the telephone interview-based General Health Follow-up. 

4.2 Definition of hyperg󠆷lycemia 

Hyperglycemia was defined using WHO and American Diabetes Association (ADA) criteria, re-

spectively.  

Paper I and paper II used the WHO criteria. Individuals with hyperglycemia and normal glucose 

tolerance (NGT) were classified using the WHO criteria based on their fasting glucose (FG) and 

two hour post load glucose (2-h glucose) values 72. Hyperglycemic group included participants 

with pre-diabetes and newly diagnosed T2D (i.e., FG ≥ 110 mg/dl and/or 2-h glucose ≥ 140 

mg/dl), as well as known T2D that was diagnosed by physician validated self-reporting and/or 

current use of anti-diabetes agents 73.  

Given the increasing burden of (pre) diabetes-related CKD, paper III extended the WHO hyper-

glycemic standard to the American Diabetes Association (ADA), which may detect more hyper-

glycemic-induced CKD signals. Individuals with hyperglycemia and NGT were classified using 

the ADA diagnostic criteria based on their FG, 2-h glucose and glycated haemoglobin (HbA1c) 

values 74. Hyperglycemic group comprised participants with pre-diabetes and newly diagnosed 

T2D (i.e., FG ≥ 100 mg/dl or 2-h-glucose ≥ 140 mg/dl or HbA1c >= 5.7%), as well as known T2D 

that was diagnosed by physician validated self-reporting and/or current use of anti-diabetes agents 
73. 

4.3 Definitions of kidney traits 

The eGFR was calculated from serum creatinine (mg/dl) and cystatin C (mg/dl) (IDMS and IFCC 

standardized values) using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

equation 75. CKD was defined as an eGFR < 60 ml/min/1.73 m2 or a UACR >= 30 mg/g 76.  

Other definitions of eGFR and CKD were also used in this thesis and were denoted by symbols, 

including eGFRcrea (eGFR was calculated from serum creatinine (mg/dL) (IDMS standardized 

values) using the CKD-EPI equation 75, CKDeGFRcrea-cys (eGFR-based CKD defined as eGFR < 60 

ml/min/1.73 m2) 76, CKDeGFRcrea (eGFRcrea-based CKD defined as eGFRcrea < 60 ml/min/1.73 m2) 
76, and CKDUACR was defined as an UACR >= 30 mg/g 76. 
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4.4 Multi-omics techniques in study population 

4.4.1 Genotyping  

The Affymetrix Axiom Array was used to genotype the KORA S4/F4 individuals. Imputation 

was performed on 541,422 autosomal SNPs following rigorous quality control (QC). The haplo-

types were inferred using Shapeit v2. Minimac3 on the Michigan Imputation Server with the 

1000G phase 3 reference panel was used to complete the imputation.  

4.4.2 DNA Methylation 

The DNA methylation levels of KORA F4 individuals were determined using Illumina Hu-

manMethylation450 BeadChip array as previously described 77. The methylation data was pre-

processed in accordance with the CPACOR pipeline 78 and background correction was performed 

using R package minfi 79. Normalization was accomplished through the use of the quantile nor-

malization (QN) and beta-mixture quantile normalization pipelines. The CpG methylation pro-

portion was reported as a beta-value, a continuous variable ranging from 0 to 1. 

4.4.3 Gene expression 

The Illumina HumanHT-12 v3 Expression BeadChip was used to determine gene expression lev-

els of KORA F4 individuals 80. Expression data were log2-transformed and QN with the Biocon-

ductor package lumi.   

4.4.4 Proteomics 

SOMAscan Assay was used to measure the proteomics data of KORA F4 individuals. SOMAscan 

platform has been described in detail elsewhere 81,82.  

4.4.5 Targeted Metabolomics  

AbsoluteIDQTM p150 Kit (BIOCRATES Life Sciences AG, Innsbruck, Austria) 83 were used to 

measure serum samples from participants in the KORA F4 study. The AbsoluteIDQTM p180 Kit 

(BIOCRATES) was used to measure serum samples from participants in the KORA FF4 study.  

4.5 Mouse study 

Paper II contained multi-tissue data from a mouse study in which male 8-week (±3d) old 

wild type (WT)  mice (N = 10) and the leptin-receptor deficient mouse model (db/db) mice 

(BKS.Cg-Dock7m+/+ Leprdb/J, N = 10) were used. The District Government of Upper Bavaria 

(Regierung von Oberbayern, Gz.55.2-1-54-2531-70-07, 55.2-1-2532-153-11) approved the ani-

mal experiments. AbsoluteIDQTM p180 Kit (BIOCRATES Life Sciences AG, Innsbruck, Austria) 

was used to determine metabolite values in plasma, liver, lung, adrenal glands, adipose tissue, 

cerebellum and testis samples, and AbsoluteIDQTM p150 Kit (BIOCRATES) was used to deter-

mine the metabolite values in urine. 
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4.6 Statistical analyses 

4.6.1 Paper I 69 

Candidate biomarkers of incident CKD in hyperglycemia were identified from 125 targeted me-

tabolites through three-step feature selection that included multivariable logistic regression ad-

justment of confounders, priority-lasso 84 filtering and stepwise Akaike information criterion se-

lection.  

Four sensitivity analyses of candidate biomarkers were conducted: 1) Nearest-neighbor propen-

sity score matching in nested case-control study design. 2) Investigating whether the predictive 

effects of candidate biomarkers for incident CKD was specific for hyperglycemia. 3) Exploration 

of interaction effects of candidate biomarker with glucose levels for incident CKD. 4) Examina-

tion of associations of candidate biomarkers with incident CKDeGFRcrea-cys and CKDUACR separately 

in hyperglycemic participants with multivariable logistic regression.  

The three-step feature selection with 100 random repeats of 10-fold cross-validation was per-

formed to develop the set of metabolite and clinical predictors for incident CKD in hyperglyce-

mia. The receiver operating characteristic curve (AUC) values of developed predictors were com-

pared with the established prediction model. The predictive models of predictors’ set were estab-

lished with three machine learning algorithm (support vector machine (SVM) 85, random forest 

(RF) 86 and adaptive boosting (AdaBoost) 87) using training data and the AUC values of respective 

model were computed for the testing data only. In total, 100 repeats of 10-fold cross-validations 

including 1000 times of three-step feature selection were performed, resulting the best set of pre-

dictors for incident CKD in hyperglycemia, which was defined from the most frequently selected 

set of metabolites and clinical variables.  

4.6.2 Paper II 70 

Inverse probability weighting (IPW) 88 for continuous exposures of the generalized propensity 

score approach was used to provide a more reliable estimate of metabolite-outcome associations 

in participants of the KORA FF4 study. Multivariable linear regression was used to estimate the 

generalized propensity score, in which each metabolite was regressed on covariates, respectively 
89. The corresponding estimated generalized propensity scores were then used to calculate the 

inverse probability weights of each metabolite 88. Weighted multivariable linear and logistic re-

gression with applying corresponding inverse probability weights were performed to analyze me-

tabolite association with eGFRcrea and CKD eGFRcrea in hyperglycemic individuals of KORA FF4, 

respectively.  Weighted multivariable logistic regression after IPW was used to analyze the asso-

ciation between metabolites and CKD eGFRcrea in NGT individuals of KORA FF4.  

The Mann-Whitney U test was used to assess the statistical differences in clinical and metabolic 

parameters between db/db and WT mice. Differences in the tissue-specific concentration of cre-

atinine and the two candidate metabolite biomarkers between db/db and WT mice were assessed 

by the student t-test. 
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4.6.3 Paper III 

Briefly, the discovery CKD - EWAS, transcriptome-, proteome-, and metabolome-wide associa-

tion studies (TWAS, PWAS, MWAS) were performed with multivariable logistic regression to 

examine the associations between CpG / RNA / protein / metabolite and prevalent CKD in hyper-

glycemic individuals of KORA F4. The replication of identified candidates was also used multi-

variable logistic regression. I examined the associations between omics candidates and kidney 

traits in hyperglycemia using linear regression for eGFR or UACR values and logistic regression 

for incident CKD.  

I constructed a multi-omics integration network (MOIN) using Gaussian graphical model (GGM) 
90 according to the (extended) Bayesian information criterion and clustered the different levels of 

MOIN (DMOIN) using Markov Cluster Algorithm. The mediation analyses of multi-omics mol-

ecules with three time points of kidney traits were conducted in accordance with the outline of 

Baron and Kenny 91, and the mediating effect was determined using a non-parametric casual me-

diation analysis 92. The P-value of mediation effect was calculated by bootstrapping with 1,000 

resamples. Using the defined criteria, the best direction for each mediating triangle was 

determined. I then mapped the best direction(s) of mediation with DMOIN to generate the directed 

mediating multi-omics networks (DMMONs) to inspect the direction in which nephrogenic ef-

fects may potentially pass through each connected edge of our DMOIN.  

I constructed GPS of eGFR with KORA F4 individuals using effect size estimates for SNPs on 

eGFR values derived from 42 European ancestor studies' GWAS meta-analyses 23. GPS was built 

using an additive model with PRSice-2 93 and finally with the effects of 162,818 SNPs. Our 

GPSeGFR were replicated using the same SNPs in UK biobank cohort (UKBB) and KORA S4 

testing individuals. The association between GPSeGFR and eGFR was evaluated with linear regres-

sion in three studies. The associations between GPSeGFR and kidney traits in hyperglycemia were 

examined using linear regression for eGFR values and logistic regression for CKD. The associa-

tions between GPSeGFR and replicated candidates were examined with linear regression. I con-

ducted mediation analyses between GPSeGFR, GPSeGFR-associated-candidates and kidney traits fol-

lowing the outline of Baron and Kenny 91 and the mediating effect was evaluated with a non-

parametric casual mediation analysis 92 as well.  

I used bi-directional 2SMR to assess the potential causality between replicated proteins/metabo-

lite and kidney traits (CKD, eGFR and UACR values). Our primary MR analysis method was 

robust adjusted profile score 94. The heterogeneity of the SNP instruments was determined with 

Cochran's Q statistic of inverse variance weighted (IVW) and MR-Egger, and the horizontal plei-

otropic effect of the involved SNPs was tested with the intercept of the MR-Egger and global test 

of MR pleiotropy residual sum and outlier (MR-PRESSO) 95. When there was evidence of poten-

tial violations of heterogeneity or horizontal pleiotropy (P < 0.05), I conducted additional outliers-

corrected MR analyses (IVW-radial 96 and MR-PRESSO) to address the issues.  

I investigated the prediction of incident CKD in hyperglycemic individuals of KORA F4 with 

multi-omics molecules using 100 random repeats of bootstrapping to assess the predictive perfor-

mance of various combinations of omics levels. Their predictive performance was evaluated using 
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AUC in testing data. Priority-Lasso was used to select predictors for combinations containing 

omics candidates. Predictive models were built with RF. 

I classified KORA F4 CKD patients with hyperglycemia using various combinations of bi-

omarkers and candidates with Uniform Manifold Approximation and Projection, and identified 

three distinct groups of CKD patients with three potential novel proteins. The difference among 

identified groups was determined using the analysis of variance (ANOVA) test for numeric vari-

ables with a normal distribution and the Kruskal-Wallis test for those with a skewed distribution. 

The categorical variables were compared among groups using Pearson chi-squared test or fisher 

exact test when any theoretical frequency was less than one. The Cochran–Armitage test was also 

applied when applicable. 

5. Results 

5.1 Paper I 69  

This paper addresses the first aim of this thesis.   

Due to the fact that traditional risk factors are insufficient to accurately predict CKD in hypergly-

cemic individuals, there is an urgent need to identify more sensitive and specific biomarkers in 

addition to baseline eGFR and UACR and propose a suitable combination of predictors to im-

prove early detection of CKD in (pre) diabetes.  

Of 125 analyzed metabolites, this longitudinal study revealed two (sphingomyelin (SM) C18:1 

and phosphatidylcholine diacyl (PC aa) C38:0) metabolites presenting significant risk effects of 

incident CKD in individuals with pre- or T2D after three-step feature selection.  

I further illustrated the specificity of the risk effects of two metabolites for hyperglycemia by 

metabolite-glucose interaction analysis as their risk estimates of incident CKD were significant 

only in hyperglycemic group and the top tertile of fasting and 2-h glucose, respectively.  Notably, 

SM C18:1 demonstrated strong interaction effects with glucose, as it showed significant multipli-

cative interaction effects with glycemic status and 2-h glucose, and its effect size estimate of 

incident CKD has turned to reverse association in other groups compared to the ones in the hy-

perglycemic subgroup and the top tertile of fasting and 2-h glucose, respectively. It indicated the 

risk effect of SM C18:1 for future CKD were specific for a subgroup of pre- or T2D individuals 

with relatively high glucose values, which suggests that a subgroup of susceptible population 

within pre- or T2D individuals for future CKD may can be represented by molecules like SM 

C18:1.  

The median AUC values of our developed sets of predictors constructed with metabolites and 

clinical variables outperformed the reference predictors in all three machine learning algorithms 

(i.e. SVM, RF, Ada) with 100 times of 10-fold cross-validation.  The best set of predictors for 

incident CKD were further identified, consisting of two metabolites (SM C18:1, PC aa C38:0) 
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and five clinical variables (age, total cholesterol, fasting glucose, eGFR and UACR).  The seven 

variables were the most important ones.  

5.2 Paper II 70  

This paper addresses the second aim of this thesis.   

The finding of this animal and cross-sectional human study is that the two metabolites (i.e., SM 

C18:1 and PC aa C 38:0) discovered by paper I associate with further stages of hyperglycemia-

related CKD evolution including i) early changes characterized with glomerular hyperfiltration 

(8-week-old db/db mice) and ii) later changes characterized with kidney dysfunction (i.e., reduced 

eGFRcrea) (KORA FF4 study).    

The organ distribution of the two metabolites was investigated in an 8-week-old db/db mouse 

model that mimics early human CKD development. The db/db mice exhibited early diabetic 

nephropathy-associated changes such as glomerular hyperfiltration and hypertrophy. In compar-

ison to WT mice, db/db mice had significantly lower concentrations of both SM C18:1 and PC aa 

C38:0 in their urine and adipose tissue, but significantly higher concentrations in their lungs. 

Additionally, SM C18:1 was significantly accumulated in the plasma and liver of db/db mice, 

whereas PC aa C38:0 was significantly higher in the adrenal glands.  

In hyperglycemic individuals, the concentrations of SM C18:1 and PC aa C38:0 were found to be 

inversely associated with eGFRcrea and positively associated with prevalent CKD eGFRcrea, respec-

tively. Moreover, neither SM C18:1 nor PC aa C38:0 were significantly associated with prevalent 

CKD eGFRcrea in NGT individuals. These findings further supported that the two lipids' risk associ-

ations for CKD eGFRcrea characterized by reduced kidney function are hyperglycemia-specific.  

5.3 Paper III 

This manuscript addresses the third aim of this thesis.   

In conjunction with clinical measurements, large-scale multi-omics profiling can provide a more 

comprehensive understanding of the biological processes underlying disease, thereby contributing 

to precision medicine.  

I reported high throughput EWAS, TWAS, PWAS and MWAS with prevalent CKD in individuals 

with pre- or T2D of KORA F4, and identified 120 multi-omics candidates. I built GPS of eGFR 

using KORA F4 individuals and successfully replicated it in UKBB and S4 testing samples. 

We constructed eight T2DCKD subnetworks based on literature search and classified the identi-

fied candidates or their corresponding genes/proteins into these processes. We successfully repli-

cated 64 of 120 candidates with CKD in Qatar Biobank, Qatar Metabolomics Study on Diabetes, 

KORA F3 or KORA FF4 studies.  Out of 64 replicated candidates, all were associated with eGFR 

or UACR values (current or follow-up) in KORA F4 hyperglycemic individuals, 11 of which may 

be novel candidates of CKD, 18 of which were associated with GPSeGFR and demonstrated medi-

ation effects of direction of GPSeGFR → candidate → eGFR and/or GPSeGFR → eGFR → candidate. 
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Bi-directional 2SMR supported that 19 replicated proteins/metabolites may have a causal rela-

tionship with kidney traits (CKD, eGFR and UACR) in one/both direction(s). I further classified 

64 replicated candidates into 14 subgroups based on various evidence with eGFR and UACR 

values, and presented the potentially involved pathophysiological T2DCKD processes for each 

subgroup. A subgroup of susceptible high-risk individuals may be represented by a subgroup of 

their molecular profiles, which may provide insight into the identification of personalized thera-

peutic targets for hyperglycemia-related CKD. 

I examined the potential interplay among four-level multi-omics molecules of CKD in hypergly-

cemia. This section included three main parts of results. I build MOIN with 101 molecules from 

five omics levels using GGM to uncover potential crosstalk among molecules. The generated 

DMOIN resulted ten sub-clusters, which confirmed the established link among molecules and 

revealed potential new ones, such as Tyr negatively linking with protein IGFBP2. I then per-

formed mediation analyses between different levels of molecules and kidney traits to ascertain 

the potential best direction(s) of each examining mediating triangle. These exhaustive mediation 

explorations identified 565 potential best mediation directions, pointing to a complex omic land-

scape of regulatory interactions between molecules and kidney traits. When the kidney trait was 

served as an independent variable (X) or outcome (Y), our results showed that our candidate 

proteins and three known biomarkers were major mediators in connecting other omics candidates 

to kidney traits in both directions. Furthermore, I mapped our DMOIN with best mediation direc-

tions' results from mediation analyses to generate the DMMONs, which contributed to inspect the 

direction of nephrogenic effects that could be transmitted through each connected edge. Our 

DMMONs revealed the potential directions of connected molecule pairs and their associated kid-

ney traits, e.g. part of the nephrogenic effects of molecules may operate via an indirect path pos-

sibly through their connected molecules. Our DMMOINs also showed potential to reveal causal 

links, e.g. IL19 → RNA SLC22A4 → CKD. 

Our multi-omics prediction results indicated adding omics levels on top of reference predictors 

improved prediction performance for future CKD in hyperglycemia, and the omics levels with 

added predictive values were GPS, candidate proteins, and metabolites instead of candidate RNAs 

and CpGs.  However, except for GPS, this improvement was limited for ref4 (i.e., seven predictors 

proposed by paper I), indicating the superior discriminatory ability of this predictor set for future 

CKD in hyperglycemia that we previously suggested. Moreover, I discovered that GPSeGFR's pre-

dictive effect on future CKD in hyperglycemia, specifically future CKDeGFR, is consistent, stable, 

and independent of baseline eGFR and UACR values. Furthermore, I used three potential novel 

proteins to identify three distinct subgroups of CKD patients with hyperglycemia, which pre-

sented distinct characteristics and underlying pathological mechanisms.  

Overall, along with elucidating biological concepts, our study presents a complex multi-omic 

landscape of CKD in hyperglycemia and sheds light on how to integrate multi-omics molecular 

profiles to contribute to precision health of hyperglycemia-related CKD.  
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6. Discussion  

6.1 Early detection of CKD in hyperg󠆷lycemia 

To improve early detection of CKD in hyperglycemia, paper I proposed a parsimonious prediction 

model for incident CKD specific for hyperglycemic individuals, consisting of seven predictors 

(age, FG, total cholesterol, eGFR values, UACR values, SM C18:1 and PC aa C38:0). Paper III 

confirmed the superiority of this combination of predictors and discovered that the GPSeGFR I 

developed could enhance this combination's performance. Additionally, paper III discovered that 

adding omics levels from GPS, candidate proteins, and metabolites to current reference predictors 

that even included baseline eGFR and UACR values could improve prediction performance for 

future CKD in hyperglycemia. Moreover, our GPSeGFR demonstrated superior improvement of 

predictive effect on future CKD in hyperglycemia, particularly CKDeGFR. Therefore, this thesis 

contributes to improve personalized prediction of future CKD in hyperglycemic individuals. 

6.2 Interaction and condition-specific effects of (candidate) 

biomarkers for kidney traits 

CKD is a complex and multifactorial disease. Discrepancies between studies on certain bi-

omarkers (such as NGAL, KIM1, or adiponectin) most likely reflect associations with kidney 

disease that occur in very specific circumstances 41. For example, adiponectin levels were in-

versely correlated with eGFR in 406 CKD patients and 88 healthy controls 49, but were not linked 

to kidney function in another study of 733 men with T2D 50.  Many (candidate) biomarkers for 

CKD have strong interaction effects, implying that their effects on CKD are subgroup- or condi-

tion-specific 41. This thesis substantiated this claim and investigated the specific effects of pro-

posed candidates. Paper I identified two metabolites with hyperglycemia-specific predictive risk 

effects for incident CKD as defined by eGFR and UACR. SM C18:1 in particular demonstrated 

strong interaction effects with glucose levels, and its effect size estimates of incident CKD shifted 

in the negative direction in other glucose groups when compared to the hyperglycemic subgroup 

and the top tertile of fasting and 2-h glucose, respectively (Figure 2). Paper III confirmed SM 

C18:1's strong interaction effects with glycemic status for incident CKD. It indicated that a sub-

group of pre- or T2D individuals with high glucose levels was found to be more susceptible to 

future CKD when presented with high levels of SM C18:1. Moreover, paper III reported 64 rep-

licated candidate biomarkers of prevalent CKD, 58 of which were not FDR significant in NGT 

individuals, implying that their effects on prevalent CKD were hyperglycemic-specific. This the-

sis demonstrated that the interaction effects of multi-omics molecules on CKD show potential to 

contribute to stratify CKD patients or individuals at high risk of developing CKD using their 

specific markers. 

Additionally, the effects of (candidate) biomarkers may be kidney traits specific. Several bi-

omarkers support the involvement of (chronic) inflammation in CKD, but their utility as a marker 

of CKD is less clear 41. Plasma levels of oxidative stress biomarkers (protein carbonyl groups, 

free F2 isoprostane, and reduced thiol content of proteins) and inflammatory biomarkers (CRP 
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and IL6) were significantly increased in 60 patients with CKD (stages 3–5) compared to healthy 

individuals. However, eGFR was not found to be significantly associated with any of these bi-

omarkers. Although plasma levels of IL6 were found to be significantly higher in elderly patients 

with renal insufficiency 46 and in patients with stage 3-5 CKD 47, IL6 was not found to be signif-

icantly associated with eGFR 47.  In this thesis, paper II demonstrated that SM C18:1 and PC aa 

C38:0 were associated with the later stage of hyperglycemia-associated CKD characterized by 

reduced kidney function (i.e., reduced eGFRcrea) (hyperglycemic individuals in cross-sectional 

study). In the cross-sectional study, two metabolites were associated with reduced kidney function 

in which eGFR values were calculated using serum creatinine rather than serum cystatin C or 

their combination. This could be explained as follows: 1) As demonstrated in paper III, serum 

creatinine significantly mediated the relationship between SM C18:1 and follow-up eGFRcrea; 

2) two metabolites were predicting incident CKD in hyperglycemia independently of baseline 

eGFR (calculated from Cystatin C and creatinine) and UACR.  

This thesis demonstrates the critical importance of examining the interaction and condition spe-

cific effects of candidate biomarkers of kidney traits in order to aid in the discovery of personal-

ized biomarkers for hyperglycemia-related CKD.  

 

Figure 2.  Stratified associations of SM C18:1 and PC aa C38.0 with incident CKD according to 

glucose status69. 

6.3 Improve systematic biolog󠆷ical understanding󠆷 to contribute to 

precision health 

Because CKD is a multifactorial disease, a single process can affect multiple phenotypes and/or 

other processes in CKD pathogenesis. Numerous candidates I identified existed in multiple 

T2DCKD subnetworks constructed in this thesis, illustrating the intricate network of pathways 

involved in hyperglycemia-related CKD.  RAS blockade is currently the mainstay of CKD ther-

apy, but not all patients respond 97. CKD patients with hyperglycemia have distinct pathological 

processes, necessitating the development of distinct theoretical therapeutic strategies. In this the-

sis, I used omic candidates to stratify CKD patients, which proved to be more effective than eGFR 

and UACR. This thesis demonstrated that distinct theoretical therapeutic targets may be required 

for different subgroups of CKD patients, owing to their distinct dominant pathological processes. 
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The GPSeGFR I constructed identified not only individuals with a high genetic predisposition, but 

also 11 candidate biomarkers of CKD for the hyperglycemic population's tail, which formed a 

group strongly suggesting that eGFR has a strong genetic effect on their circulatory levels. Thus, 

it may help explain why some individuals develop CKD at an early age, given that risk factors 

for CKD are classified as genetic, behavioral, and environmental, with genetics possibly being 

the most important factor for those individuals. Our identified omic molecules and GPS demon-

strated the ability to identify CKD subgroups of various dominant pathological processes and 

CKD subgroups of increased genetic risk respectively, enabling more personalized treatment and 

prevention strategies for CKD in hyperglycemia.  

eGFR and UACR are not etiological markers for CKD 66.  Even if their values remain normal, 

individuals at risk of CKD may have pathological molecular changes 98. Current CKD therapies, 

such as RAS blockade, aim to slow disease progression rather than reverse pathological damage 
67. A better understanding of the pathological processes that underpin biomarkers, and their po-

tential effects on processes and eGFR and UACR values, may help improve CKD prevention and 

treatment. Lesson learned from clinical trials in which drugs targeting a single process, such as 

transforming growth factor β1 blockade, failed but drugs targeting the RAS succeeded, owing to 

the fact that targeting RAS promotes multiple mechanism 68. Given the multiple pathogenic pro-

cesses involved, a holistic approach is the only rational strategy for preventing CKD progression 
68. Paper III identified and replicated multi-omics candidates of CKD, and extended their obser-

vational associations to causality, shedding new light on genetic evidence-based directions via 

2SMR. Our 2SMR results also attributed CKD observational signals to specific kidney traits 

(CKD, eGFR and UACR).  Because MR causality does not imply a specific molecular mecha-

nism, our mediation results for 2SMR-supported causal molecules examined the possible mech-

anism. Aside from corroboration, our GPSeGFR mediation results suggested a potential causal di-

rection not revealed by 2SMR. Early intervention appears to be the most effective way to prevent 

organ damage manifested by albuminuria and/or decreased eGFR 98.  A panel of multiple protein 

biomarkers representing the numerous pathophysiological processes underlying DKD may be 

more reliable and accurate in predicting kidney disease progression 98.  In our study, I classified 

our candidate biomarkers based on their potential directions with eGFR and UACR with and 

without genetic evidence, and further provided their potential involvement in (several) T2DCKD 

pathological processes to elucidate biological pathways. Thus, a subgroup of susceptible high-

risk individuals may be represented by a subgroup of their molecular profiles, providing critical 

insight into the identification of personalized therapeutic targets for hyperglycemia-related CKD. 

Additionally, our subgroups of omic candidates are consistent with a truly translatable biomarker 

discovery methodology that prioritizes not only clinically evident stages of disease, but also very 

early disease stages, when therapeutic interventions can still slow or stop disease progression.  

This thesis also did intensive exploration of interplay among multi-omics molecules of CKD in 

hyperglycemia and revealed potential new causal links, relevant molecular pathways, and poten-

tial key drivers of the pathways. The crosstalk between molecules can aid in providing insight 

into whether they share a pathway and identifying the pathway's key driver. For example, paper 

III demonstrated that well-defined CKD biomarkers (CST3, creatinine, urine albumin, or EGFR) 

may act as mediators between the eight ACs and their associated kidney traits. Our DMMONs 
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could deduce potential causal links from multi-omics pairs, e.g., it supported the hypothesis that 

IL19→IL1B→SLC22A4→ergothioneine→increased risk of proteinuria/ higher blood urea nitro-

gen levels/ decreased GFR values. Numerous molecules, such as cystatin C, creatinine, urine al-

bumin and Tyr, were identified as centers in DMMONs, which connected information between 

kidney traits and other molecules. Therefore, the crosstalk of multi-omics molecules has the po-

tential to advance not only biological understanding of the disease processes of hyperglycemia-

related CKD, but also personalized prevention and drug discovery by addressing the key driver 

of the specific pathway.  

6.4 Limitation 

I acknowledge that studies in this thesis are observational-based, limiting our ability to confirm 

that our findings are indeed true biological signals. Consequently, additional longitudinal cohort 

studies with a large sample size, as well as interventional studies, are required to confirm our 

findings.  

7. Conclusion  

In conclusion, this thesis describes a complex multi-omic landscape of CKD in hyperglycemia 

and demonstrates how multi-omics profiles can inform precision health by improving early de-

tection of CKD in hyperglycemia, examining the interaction and condition-specific effects of 

candidate biomarkers, and advancing systematic biological understanding.  
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SUPPLEMENTAL MATERIAL   

 

Full Title: Machine learning approaches reveal metabolic signatures of 

incident chronic kidney disease in individuals with prediabetes and 

type 2 diabetes 
 

Supplementary Tables 

Table S1. Metabolite panel of baseline KORA F4 study 

The abbreviations and biochemical names of 163 metabolites are shown in the first and second 

column, respectively. The third column shows the missing rate of each metabolite among 3,061 

KORA F4 individuals. The missing rate was defined as the number of no reported values divided 

by the number of all measured values.  The fourth column presents the arithmetic means of the 

coefficients of variance (CV) of 114 quality controls samples (i.e. three on each kit plate). The 

percentage of individuals equal to or above the limit of detection (LOD) among 3,061 KORA F4 

participants is shown in the fifth column. The sixth column presents the mean value of metabolite 

concentration (µM) in 3,061 KORA F4 participants after adjusting for plate effects. The last col-

umn shows the status (used/excluded) for each metabolite.  

 
Metabolite Biochemical name Missing 

Rate (%) 

CV 

(%) 

Equal to 

or above 

LOD (%) 

Mean Concen-

tration (µM) 

Application 

C0 Carnitine 0.0 7.50 99.97 35.89 Used 

C10 Decanoylcarnitine 0.0 12.40 98.30 0.36 Used 

C10:1 Decenoylcarnitine 0.0 10.45 36.20 0.17 Excluded 

C10:2 Decadienylcarnitine 0.0 15.61 58.58 0.04 Used 

C12 Dodecanoylcarnitine 0.0 10.63 89.51 0.13 Used 

C12:1 Dodecenoylcarnitine 0.0 13.51 2.16 0.15 Excluded 

C12‐DC Dodecanedioylcarnitine 0.0 15.71 0.00 0.06 Excluded 

C14 Tetradecanoylcarnitine 0.0 11.80 47.60 0.05 Excluded 

C14:1 Tetradecenoylcarnitine 0.0 20.10 99.97 0.15 Used 

C14:1‐OH Hydroxytetradecenoylcarnitine 0.0 17.88 76.54 0.02 Used 

C14:2 Tetradecadienylcarnitine 0.0 11.19 99.44 0.03 Used 

C14:2‐OH Hydroxytetradecadienylcarnitine 0.0 24.24 44.10 0.01 Excluded 

C16 Hexadecanoylcarnitine 0.0 10.02 99.97 0.12 Used 

C16:1 Hexadecenoylcarnitine 0.0 10.39 2.48 0.04 Excluded 

C16:1‐OH Hydroxyhexadecenoylcarnitine 0.0 17.20 1.31 0.01 Excluded 

C16:2 Hexadecadienylcarnitine 0.0 19.46 77.56 0.01 Used 

C16:2‐OH Hydroxyhexadecadienylcarnitine 0.0 20.19 1.08 0.01 Excluded 

C16‐OH Hydroxyhexadecanoylcarnitine 0.0 21.99 3.23 0.01 Excluded 

C18 Octadecanoylcarnitine 0.0 12.52 99.90 0.05 Used 

C18:1 Octadecenoylcarnitine 0.0 13.30 99.93 0.13 Used 

C18:1‐OH Hydroxyoctadecenoylcarnitine 0.0 25.50 1.14 0.01 Excluded 

C18:2 Octadecadienylcarnitine 0.0 11.00 99.97 0.05 Used 

C2 Acetylcarnitine 0.0 9.62 99.97 8.26 Used 

C3 Propionylcarnitine 0.0 10.28 99.97 0.40 Used 

C3:1 Propenonylcarnitine 0.0 37.84 0.49 0.01 Excluded 

C3‐OH Hydroxypropionylcarnitine 0.0 98.90 7.64 0.03 Excluded 

C4 Butyrylcarnitine 0.0 11.20 99.97 0.23 Used 

C4:1 Butenylcarnitine 0.0 35.99 10.42 0.02 Excluded 

C4‐OH (C3‐DC) Hydroxybutyrylcarnitine 0.0 34.81 9.64 0.09 Excluded 

C5 Valerylcarnitine 0.0 15.83 99.97 0.12 Used 

C5:1 Tiglylcarnitine 0.0 26.40 1.83 0.03 Excluded 

C5:1‐DC Glutaconylcarnitine 0.0 51.54 13.92 0.02 Excluded 

C5‐DC (C6‐OH) Glutarylcarnitine (Hydroxyhexa-

 

0.0 36.29 58.05 0.03 Excluded 

C5‐M‐DC Methylglutarylcarnitine 0.0 48.62 3.82 0.03 Excluded 
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C5‐OH (C3‐DC‐

 

Hydroxyvalerylcarnitine 

 

0.0 24.31 14.05 0.04 Excluded 

C6 (C4:1‐DC) Hexanoylcarnitine (Fumaryl-

 

0.0 14.19 87.62 0.07 Used 

C6:1 Hexenoylcarnitine 0.0 36.13 3.50 0.02 Excluded 

C7‐DC Pimelylcarnitine 0.0 29.31 73.21 0.05 Excluded 

C8 Octanoylcarnitine 0.0 9.73 50.38 0.23 Used 

C8:1 Octenoylcarnitine 0.0 8.45 99.22 0.09 Used 

C9 Nonaylcarnitine 0.0 33.00 92.98 0.05 Excluded 

Arg Arginine 0.0 7.58 99.97 115.89 Used 

Gln Glutamine 0.0 14.28 99.97 619.01 Used 

Gly Glycine 0.0 8.35 99.97 307.70 Used 

His Histidine 0.0 10.50 99.97 98.28 Used 

Met Methionine 0.0 14.82 99.97 32.03 Used 

Orn Ornithine 0.0 11.33 99.97 81.47 Used 

Phe Phenylalanine 0.0 8.87 99.97 62.25 Used 

Pro Proline 0.0 10.15 100.00 176.09 Used 

Ser Serine 0.0 9.34 99.97 128.46 Used 

Thr Threonine 0.0 11.20 99.97 106.03 Used 

Trp Tryptophan 0.0 7.45 99.97 82.62 Used 

Tyr Tyrosine 0.0 8.61 99.97 85.47 Used 

Val Valine 0.0 15.51 100.00 277.00 Used 

xLeu Leucine/Isoleucine 0.0 9.48 100.00 213.92 Used 

PC aa C24:0 Phosphatidylcholine diacyl C24:0 0.0 24.13 78.93 0.15 Used 

PC aa C26:0 Phosphatidylcholine diacyl C26:0 0.0 38.23 11.43 1.08 Excluded 

PC aa C28:1 Phosphatidylcholine diacyl C28:1 0.0 9.78 99.97 3.38 Used 

PC aa C30:0 Phosphatidylcholine diacyl C30:0 0.0 12.24 99.97 4.74 Used 

PC aa C30:2 Phosphatidylcholine diacyl C30:2 95.52 75.42 4.34 0.06 Excluded 

PC aa C32:0 Phosphatidylcholine diacyl C32:0 0.0 12.23 99.97 15.21 Used 

PC aa C32:1 Phosphatidylcholine diacyl C32:1 0.0 12.32 99.97 21.98 Used 

PC aa C32:2 Phosphatidylcholine diacyl C32:2 0.07 20.80 99.90 3.95 Used 

PC aa C32:3 Phosphatidylcholine diacyl C32:3 0.0 9.92 99.97 0.48 Used 

PC aa C34:1 Phosphatidylcholine diacyl C34:1 0.0 11.63 99.97 240.68 Used 

PC aa C34:2 Phosphatidylcholine diacyl C34:2 0.0 16.87 99.97 392.77 Used 

PC aa C34:3 Phosphatidylcholine diacyl C34:3 0.0 14.83 99.97 18.07 Used 

PC aa C34:4 Phosphatidylcholine diacyl C34:4 0.0 10.15 99.97 2.27 Used 

PC aa C36:0 Phosphatidylcholine diacyl C36:0 0.0 19.81 99.97 2.72 Used 

PC aa C36:1 Phosphatidylcholine diacyl C36:1 0.0 9.14 99.97 53.89 Used 

PC aa C36:2 Phosphatidylcholine diacyl C36:2 0.0 8.32 99.97 232.62 Used 

PC aa C36:3 Phosphatidylcholine diacyl C36:3 0.0 10.63 99.97 150.39 Used 

PC aa C36:4 Phosphatidylcholine diacyl C36:4 0.0 11.24 100.00 220.61 Used 

PC aa C36:5 Phosphatidylcholine diacyl C36:5 0.0 13.45 99.97 29.52 Used 

PC aa C36:6 Phosphatidylcholine diacyl C36:6 0.0 15.22 99.97 1.13 Used 

PC aa C38:0 Phosphatidylcholine diacyl C38:0 0.0 15.09 99.97 3.29 Used 

PC aa C38:1 Phosphatidylcholine diacyl C38:1 0.10 19.94 99.84 0.87 Used 

PC aa C38:3 Phosphatidylcholine diacyl C38:3 0.0 7.21 99.97 54.08 Used 

PC aa C38:4 Phosphatidylcholine diacyl C38:4 0.0 6.64 99.97 119.83 Used 

PC aa C38:5 Phosphatidylcholine diacyl C38:5 0.0 9.96 99.97 62.43 Used 

PC aa C38:6 Phosphatidylcholine diacyl C38:6 0.0 10.27 99.97 90.66 Used 

PC aa C40:1 Phosphatidylcholine diacyl C40:1 0.0 15.62 9.05 0.47 Excluded 

PC aa C40:2 Phosphatidylcholine diacyl C40:2 0.0 13.75 99.97 0.36 Used 

PC aa C40:3 Phosphatidylcholine diacyl C40:3 0.0 12.85 99.97 0.66 Used 

PC aa C40:4 Phosphatidylcholine diacyl C40:4 0.0 7.60 100.00 4.17 Used 

PC aa C40:5 Phosphatidylcholine diacyl C40:5 0.0 6.43 99.97 11.53 Used 

PC aa C40:6 Phosphatidylcholine diacyl C40:6 0.03 6.22 99.97 28.76 Used 

PC aa C42:0 Phosphatidylcholine diacyl C42:0 0.0 13.59 99.97 0.60 Used 

PC aa C42:1 Phosphatidylcholine diacyl C42:1 0.0 15.38 99.97 0.30 Used 

PC aa C42:2 Phosphatidylcholine diacyl C42:2 0.0 15.10 99.97 0.21 Used 

PC aa C42:4 Phosphatidylcholine diacyl C42:4 0.0 12.77 99.97 0.22 Used 

PC aa C42:5 Phosphatidylcholine diacyl C42:5 0.0 10.74 99.97 0.43 Used 

PC aa C42:6 Phosphatidylcholine diacyl C42:6 0.0 10.85 62.53 0.63 Used 

PC ae C30:0 Phosphatidylcholine acyl-alkyl 

C30 0 

0.0 31.78 99.71 0.48 Excluded 

PC ae C30:1 Phosphatidylcholine acyl-alkyl 

 

4.57 46.30 94.09 0.24 Excluded 

PC ae C30:2 Phosphatidylcholine acyl-alkyl 

 

0.0 17.44 92.22 0.16 Used 
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PC ae C32:1 Phosphatidylcholine acyl-alkyl 

 

0.0 10.34 99.97 2.85 Used 

PC ae C32:2 Phosphatidylcholine acyl-alkyl 

 

0.0 12.20 99.97 0.75 Used 

PC ae C34:0 Phosphatidylcholine acyl-alkyl 

C34 0 

0.0 11.28 99.97 1.73 Used 

PC ae C34:1 Phosphatidylcholine acyl-alkyl 

 

0.0 11.88 99.97 10.56 Used 

PC ae C34:2 Phosphatidylcholine acyl-alkyl 

 

0.0 12.38 99.97 12.67 Used 

PC ae C34:3 Phosphatidylcholine acyl-alkyl 

 

0.0 9.93 99.97 8.38 Used 

PC ae C36:0 Phosphatidylcholine acyl-alkyl 

 

0.0 40.89 99.97 1.10 Excluded 

PC ae C36:1 Phosphatidylcholine acyl-alkyl 

 

0.0 12.61 99.97 8.40 Used 

PC ae C36:2 Phosphatidylcholine acyl-alkyl 

 

0.0 13.72 99.97 15.19 Used 

PC ae C36:3 Phosphatidylcholine acyl-alkyl 

 

0.0 12.59 99.97 8.59 Used 

PC ae C36:4 Phosphatidylcholine acyl-alkyl 

 

0.0 11.60 99.97 20.88 Used 

PC ae C36:5 Phosphatidylcholine acyl-alkyl 

 

0.0 9.39 99.97 13.85 Used 

PC ae C38:0 Phosphatidylcholine acyl-alkyl 

 

0.0 12.57 99.97 2.48 Used 

PC ae C38:1 Phosphatidylcholine acyl-alkyl 

 

0.0 14.05 99.97 0.82 Used 

PC ae C38:2 Phosphatidylcholine acyl-alkyl 

 

0.0 13.49 99.97 2.15 Used 

PC ae C38:3 Phosphatidylcholine acyl-alkyl 

 

0.0 10.85 99.97 4.34 Used 

PC ae C38:4 Phosphatidylcholine acyl-alkyl 

 

0.0 12.38 99.97 15.73 Used 

PC ae C38:5 Phosphatidylcholine acyl-alkyl 

 

0.0 11.10 100.00 19.96 Used 

PC ae C38:6 Phosphatidylcholine acyl-alkyl 

 

0.0 9.18 99.97 8.70 Used 

PC ae C40:0 Phosphatidylcholine acyl-alkyl 

C40 0 

0.0 8.03 1.14 10.25 Excluded 

PC ae C40:1 Phosphatidylcholine acyl-alkyl 

 

0.0 12.62 99.97 1.68 Used 

PC ae C40:2 Phosphatidylcholine acyl-alkyl 

 

0.0 11.32 99.97 2.10 Used 

PC ae C40:3 Phosphatidylcholine acyl-alkyl 

 

0.0 10.64 99.97 1.14 Used 

PC ae C40:4 Phosphatidylcholine acyl-alkyl 

 

0.0 10.30 99.97 2.59 Used 

PC ae C40:5 Phosphatidylcholine acyl-alkyl 

 

0.0 8.88 99.97 3.57 Used 

PC ae C40:6 Phosphatidylcholine acyl-alkyl 

C40 6 

0.0 11.23 99.97 5.06 Used 

PC ae C42:0 Phosphatidylcholine acyl-alkyl 

 

0.0 18.33 14.80 0.52 Excluded 

PC ae C42:1 Phosphatidylcholine acyl-alkyl 

 

0.0 13.91 99.97 0.38 Used 

PC ae C42:2 Phosphatidylcholine acyl-alkyl 

C 2 2 

0.0 17.58 99.97 0.68 Used 

PC ae C42:3 Phosphatidylcholine acyl-alkyl 

 

0.0 11.87 99.97 0.87 Used 

PC ae C42:4 Phosphatidylcholine acyl-alkyl 

 

0.03 9.99 99.97 1.01 Used 

PC ae C42:5 Phosphatidylcholine acyl-alkyl 

 

0.0 7.27 99.93 2.36 Used 

PC ae C44:3 Phosphatidylcholine acyl-alkyl 

 

0.0 13.32 99.97 0.11 Used 

PC ae C44:4 Phosphatidylcholine acyl-alkyl 

 

0.0 11.71 99.97 0.43 Used 

PC ae C44:5 Phosphatidylcholine acyl-alkyl 

 

0.0 7.15 99.97 2.12 Used 

PC ae C44:6 Phosphatidylcholine acyl-alkyl 

 

0.0 7.73 99.97 1.38 Used 

lysoPC a C14:0 lysoPhosphatidylcholine acyl C14:0 0.0 26.82 42.21 3.21 Excluded 

lysoPC a C16:0 lysoPhosphatidylcholine acyl C16:0 0.0 10.69 99.97 94.07 Used 

lysoPC a C16:1 lysoPhosphatidylcholine acyl C16:1 0.0 10.01 99.97 2.90 Used 

lysoPC a C17:0 lysoPhosphatidylcholine acyl C17:0 0.0 13.05 99.97 1.72 Used 

lysoPC a C18:0 lysoPhosphatidylcholine acyl C18:0 0.0 10.27 99.97 25.96 Used 

lysoPC a C18:1 lysoPhosphatidylcholine acyl C18:1 0.0 11.29 99.97 19.22 Used 

lysoPC a C18:2 lysoPhosphatidylcholine acyl C18:2 0.0 9.42 99.97 27.22 Used 

lysoPC a C20:3 lysoPhosphatidylcholine acyl C20:3 0.0 10.95 99.97 2.38 Used 

lysoPC a C20:4 lysoPhosphatidylcholine acyl C20:4 0.0 9.34 99.97 6.77 Used 

lysoPC a C24:0 lysoPhosphatidylcholine acyl C24:0 0.0 21.21 8.04 0.36 Excluded 

lysoPC a C26:0 lysoPhosphatidylcholine acyl C26:0 0.0 32.22 59.85 0.54 Excluded 

lysoPC a C26:1 lysoPhosphatidylcholine acyl C26:1 0.0 10.71 0.00 2.02 Excluded 

lysoPC a C28:0 lysoPhosphatidylcholine acyl C28:0 0.0 27.17 46.46 0.48 Excluded 

lysoPC a C28:1 lysoPhosphatidylcholine acyl C28:1 0.0 22.50 99.84 0.62 Used 

lysoPC a C6:0 lysoPhosphatidylcholine acyl C6:0 0.03 43.89 25.48 0.02 Excluded 

SM (OH) C14:1 Hydroxysphingomyeline C14:1 0.03 12.85 99.97 6.18 Used 

SM (OH) C16:1 Hydroxysphingomyeline C16:1 0.0 8.72 99.97 3.35 Used 

SM (OH) C22:1 Hydroxysphingomyeline C22:1 0.0 14.23 99.97 13.43 Used 

SM (OH) C22:2 Hydroxysphingomyeline C22:2 0.0 13.12 99.97 11.40 Used 

SM (OH) C24:1 Hydroxysphingomyeline C24:1 0.0 17.05 99.97 1.34 Used 

SM C16:0 Sphingomyelin C16:0 0.0 12.92 99.97 105.98 Used 

SM C16:1 Sphingomyelin C16:1 0.0 11.64 99.97 15.97 Used 

SM C18:0 Sphingomyelin C18:0 0.0 9.29 99.97 23.16 Used 

SM C18:1 Sphingomyelin C18:1 0.0 10.86 100.00 11.25 Used 

SM C20:2 Sphingomyelin C20:2 0.07 15.99 99.90 0.38 Used 

SM C22:3 Sphingomyelin C22:3 43.61 60.99 55.90 0.22 Excluded 
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SM C24:0 Sphingomyelin C24:0 0.0 14.33 99.97 21.68 Used 

SM C24:1 Sphingomyelin C24:1 0.0 15.01 100.00 52.40 Used 

SM C26:0 Sphingomyelin C26:0 0.0 57.33 99.97 0.32 Excluded 

SM C26:1 Sphingomyelin C26:1 0.0 22.75 99.97 0.42 Used 

H1 Sum of Hexoses 0.0 6.33 99.97 5197.44 Used 
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Table S2. List of 26 metabolites sig󠆷nificantly associated with incident chronic kidney disease 

in either basic or full model in hyperg󠆷lycemic individuals 

Odds ratios (ORs) with 95% CI and P-values of multivariable logistic regression are shown. The 

basic model was adjusted for age, sex, BMI, systolic blood pressure, smoking status, triglyceride, 

total cholesterol, HDL cholesterol, and fasting serum glucose. The full model was additionally 

adjusted for use of lipid lowering drugs, antihypertensive and anti-diabetic medication, baseline 

estimated glomerular filtration rate and urinary albumin-to-creatinine ratio. P-values shown in 

bold represent statistical significance at 0.05 level. Abbreviations: SM, sphingomyelin; PC aa, 

phosphatidylcholine diacyl; PC ae, phosphatidylcholine acyl-alkyl.  

 

 
Metabolites Basic Model  Full Model  

 OR (95% CI) P-value OR (95% CI) P-value 

C10 1.42 (1.03 - 1.98) 3.317E-02 1.24 (0.86 - 1.80) 2.495E-01 

C12 1.49 (1.09 - 2.05) 1.268E-02 1.35 (0.95 - 1.92) 9.131E-02 

C14:1 1.37 (1.04 - 1.83) 2.919E-02 1.36 (0.99 - 1.89) 5.751E-02 

C18 1.44 (1.06 - 1.98) 2.331E-02 1.30 (0.92 - 1.84) 1.376E-01 

C18:1 1.44 (1.07 -1.97) 1.892E-02 1.39 (0.99 - 1.96) 6.293E-02 

C6 (C4:1‐DC)      1.41 (1.05 -1.89) 2.244E-02 1.25 (0.90 - 1.75) 1.884E-01 

C8      1.39 (1.02 -1.90) 3.948E-02 1.21 (0.85 - 1.71) 2.919E-01 

Arginine 1.40 (1.07 -1.89) 2.154E-02 1.25 (0.93 - 1.73) 1.577E-01 

Proline 1.38 (1.01 -1.89) 4.453E-02 1.39 (0.98 - 1.97) 6.337E-02 

PC aa C32:2 0.72 (0.56 - 0.93) 1.275E-02 0.74 (0.56 - 0.99) 3.690E-02 

PC aa C38:0 1.51 (1.12 - 2.07) 8.059E-03 1.56 (1.12 - 2.21) 1.043E-02 

PC aa C42:0 1.41 (1.04 - 1.92) 2.686E-02 1.40 (1.01 - 1.96) 4.801E-02 

PC ae C38:6 1.41 (1.01 - 1.99) 4.573E-02 1.40 (0.96 - 2.06) 8.386E-02 

PC ae C40:5 1.42 (1.04 - 1.95) 3.009E-02 1.32 (0.94 - 1.88) 1.181E-01 

PC ae C40:6 1.54 (1.12 - 2.14) 9.600E-03 1.57 (1.10 - 2.27) 1.358E-02 

PC ae C42:5 1.43 (1.06 - 1.96) 2.234E-02 1.29 (0.92 - 1.81) 1.457E-01 

SM (OH) C14:1 1.50 (1.06 - 2.13) 2.277E-02 1.56 (1.07 - 2.32) 2.382E-02 

SM (OH) C16:1 1.59 (1.14 - 2.24) 6.923E-03 1.63 (1.14 - 2.39) 9.614E-03 

SM (OH) C22:2 1.58 (1.09 - 2.33) 1.880E-02 1.50 (1.00 - 2.30) 5.674E-02 

SM C16:0 1.91 (1.29 - 2.91) 1.811E-03 1.82 (1.17 - 2.91) 9.378E-03 

SM C16:1 1.91 (1.29 - 2.88) 1.557E-03 1.85 (1.19 - 2.94) 7.145E-03 

SM C18:0 1.86 (1.34 - 2.63) 2.839E-04 1.80 (1.26 - 2.63) 1.754E-03 

SM C18:1 2.25 (1.54 - 3.39) 4.976E-05 2.22 (1.46 - 3.49) 3.315E-04 

SM C20:2 1.40 (1.05 - 1.93) 3.045E-02 1.51 (1.10 - 2.14) 1.411E-02 

SM C24:1 1.62 (1.15 - 2.31) 7.066E-03 1.57 (1.08 - 2.33) 2.061E-02 

SM C26:1 1.41 (1.05 - 1.93) 2.564E-02 1.57 (1.13 - 2.23) 8.215E-03 
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Table S3. Baseline characteristics of propensity scores matched case-control hyperg󠆷lycemic 

individuals 

Clinical variables of incident CKD patients (= cases) matched with non-CKD participants (= 

controls) are shown. Mean ± standard deviation is provided when appropriate; P-values were 

calculated by univariate conditional logistic regression. P-values shown in bold represent statis-

tical significance at 0.05 level. Abbreviations: CKD, chronic kidney disease; eGFR, estimated 

glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio. 

 
Clinical variables Incident CKD 

N = 62 

Non-CKD 

N = 62 

P-value 

Age, years 65.81 ± 9.3 65.48 ± 7.62 0.777 

Sex, Male, n (%) 54.84 64.52 0.261 

BMI, kg/m2 30.53 ± 4.84 29.79 ± 3.97 0.335 

Fasting glucose, mg/dl 112.68 ± 27.31 114.32 ± 19.32 0.676 

Systolic blood pressure, mmHg 130.03 ± 19.79 130.83 ± 16.38 0.819 

Triglyceride, mg/dl a 136.5 [99.5 - 186] 129 [93.5 - 182.75] 0.784 

Total cholesterol, mg/dl 215 ± 38.05 211 ± 33.11 0.481 

HDL cholesterol, mg/dl 51.81 ± 11.59 51.66 ± 14.29 0.951 

eGFR, mL/min/1.73 m²  80.17 ± 14.79 81.95 ± 10.92 0.339 

UACR, mg/g a 8.89 [4.44 - 13.41] 6.8 [4.85 - 14.36] 0.842 

Smoking, %    

      Non-smoker 43.55 41.94 Reference 

      Former smoker 50 53.23 0.704 

      Current smoke 6.45 4.84 0.729 

Medication usage, %    

       Lipid-lowering 19.35 25.81 0.396 

       Antihypertensive 62.9 61.29 0.842 

       Anti-diabetic 14.52 16.13 0.796 

                a values are presented as median [25th- 75th percentile]. 

 

 

Table S4. Results of sensitivity analyses - the two metabolites sig󠆷nificantly associated with 

incident chronic kidney disease in the propensity scores matched case-control hyperg󠆷lyce-

mic individuals 

Odds ratios (ORs) per standard deviation (SD) with 95% CI and P-values of conditional logistic 

regression results are shown. P-values shown in bold represent statistical significance at 0.05 

level. Abbreviations: SM, sphingomyelin; PC aa, phosphatidylcholine diacyl. 

 
 

 SM C18:1 PC aa C38:0 

OR (95% CI), per SD 1.77 (1.14 - 2.73) 1.71 (1.12 - 2.62) 

P- value 0.011 0.014 
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Table S5. Results of sensitivity analyses - interaction effects of the two metabolites with dif-

ferent g󠆷lucose subg󠆷roups 

Odds ratios (ORs) with 95% CI and P-values of multivariate logistic regression results are shown. 

Pinteraction represents P-value of multiplicative interaction effects between metabolite and different 

glucose groups. P-values shown in bold represent statistical significance at 0.05 level. Abbrevi-

ations: SM, sphingomyelin; PC aa, phosphatidylcholine diacyl; NGT, normal glucose tolerance; 

2-h glucose, two hour post load glucose. 

 

 

Group 

SM C18:1 PC aa C38:0 

OR 

(95% CI) 
P - values Pinteraction 

OR 

(95% CI) 
P - values 

Pinterac-

tion 

Glycemic status   1.774E-03c   0.417 c 

NGTa 0.76 

(0.57 - 1.01) 
0.057  

1.21 

(0.95 - 1.55) 
0.124  

Hyperglycemiab 2.22 

(1.46 - 3.49) 
3.315E-04  

1.56 

(1.12 - 2.21) 
0.010  

Fasting󠆷 g󠆷lucose   0.241d   0.609 d 

1st tertilea 0.78 

(0.46 - 1.36) 
0.372  

1.13 

(0.73 - 1.77) 
0.579  

2nd tertilea 0.84 

(0.56 - 1.27) 
0.412  

1.33 

(0.94 - 1.88) 
0.106  

Top tertileb 1.50 

(1.08 - 2.11) 
0.019  

1.49 

(1.10 - 2.03) 
0.010  

2-h g󠆷lucose   0.010e   0.538e 

1st tertilea 0.55 

(0.33 - 0.92) 
0.023  

1.22 

(0.79 - 1.87) 
0.369  

2nd tertilea 0.74 

(0.48 - 1.14) 
0.172  

1.27 

(0.87 - 1.88) 
0.231  

Top tertileb 1.58 

(1.07 - 2.37) 
0.022  

1.60 

(1.17 - 2.23) 
0.004  

 

a with adjustments for age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total cholesterol, HDL  cho-

lesterol, fasting glucose, use of lipid lowering drugs, antihypertensive medication, baseline estimated glomerular filtra-

tion rate and baseline urinary albumin-to-creatinine ratio. 
b with adjustment for the covariates shown in a as well as use of anti-diabetic medication. 
c The model setting : logit(P) = β0 + β1*metabolite + β 2*glycemic status + β 3* metabolite * glycemic status + β4*co-

variates + ɛ. The covariates including the covariates shown in a as well as use of anti-diabetic medication. 
d The model setting : logit(P) = β0 + β1*metabolite + β 2* three tertiles group of fasting glucose + β 3* metabolite * three 

tertiles group of fasting glucose + β4*covariates + ɛ.  The covariates included the covariates shown in a as well as use 

of anti-diabetic medication except fasting glucose. 
e The model setting : logit(P) = β0 + β1*metabolite + β 2* three tertiles group of 2-h glucose + β 3* metabolite * three 

tertiles group of 2-h glucose + β4*covariates + ɛ. The covariates included the covariates shown in a except fasting 

glucose. 
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Table S6. Results of sensitivity analyses - association of two candidate biomarkers with 

UACR- and eGFR- based incident CKD in hyperg󠆷lycemic participants 

Odds ratios (ORs) with 95% CI and P-values of each metabolite with UACR-based and eGFR-

based incident CKD in basic and full multivariable logistic regression models are shown, respec-

tively. UACR-based incident CKD was defined as UACR ≥ 30 mg/g at follow-up (FF4). eGFR-

based incident CKD was defined as eGFR < 60 ml/min/1.73 m2 at follow-up (FF4). Basic model 

was adjusted for age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total cho-

lesterol, HDL cholesterol and fasting glucose. Full model was additionally adjusted for use of 

lipid lowering drugs, antihypertensive and anti-diabetic medication, baseline eGFR and UACR. 

P-values shown in bold represent statistical significance at 0.05 level. Abbreviations: CKD, 

chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-

creatinine ratio; SM, sphingomyelin; PC aa, phosphatidylcholine diacyl. 

 

 SM C18:1 PC aa C38:0 

 Basic model Full model Basic model Full model 

UACR- based incident CKD (N = 32) & non-CKD (N = 353)  

P-value 0.024 0.040 0.022 0.004 

OR (95 % CI) , per  SD 1.79 (1.10 - 3.03) 1.80 (1.05 - 3.25) 1.66 (1.08 - 2.58) 2.17 (1.31 - 3.76) 

eGFR- based incident CKD (N = 65) & non-CKD (N = 320)  

P-value 0.008 0.107 0.061 0.247 

OR (95 % CI) , per  SD 1.77 (1.17 - 2.75) 1.50 (0.93 - 2.5) 1.38 (0.99 - 1.94) 1.25 (0.86 - 1.85) 

 

  

 
 

 

Table S7. Comparison of the predictive performances of two sets of predictors of incident 

chronic kidney disease in hyperg󠆷lycemic individuals with three machine learning󠆷 ap-

proaches 

The median AUC (95% CI) of three machine learning approaches over 100 random repeats of 

10-fold cross validation are shown. Reference predictors consists of baseline age, sex, estimated 

glomerular filtration rate and urinary albumin-to-creatinine ratio. Developed sets includes com-

bined metabolites and clinical variables that were selected by the three-step feature selection in 

each round. Abbreviation: AUC, area under the receiver operating characteristic curve.  

 

Alg󠆷orithms Models 
Median 

AUC (95% CI) 

Absolute in-

crease in 

median pre-

diction 

Outperform 

times over 

100 times 

Support 

Vector Machine 

Reference predictors 0.800 (0.783 - 0.816) 
2.5% 97 

Developed sets  0.825 (0.801 - 0.849) 

Random 

Forest 

Reference predictors 0.789 (0.771 - 0.807) 
2.9% 100 

Developed sets  0.818 (0.794 - 0.836) 

Adaptive 

Boosting󠆷 

Reference predictors 0.798 (0.781 - 0.813) 
1.6% 87 

Developed sets  0.814 (0.787 - 0.832) 
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Table S8. The total selected times for three most frequently selected sets of metabolites and 

clinical variables over 1000 selection rounds in 100 times of 10-fold cross validation  

The three most frequently selected sets of metabolites and clinical variables, as well as their total 

selected times over 1000 selection rounds are shown. Abbreviations: eGFR, estimated glomeru-

lar filtration rate; UACR, urinary albumin-to-creatinine ratio; SM, sphingomyelin; PC aa, phos-

phatidylcholine diacyl.  

 
Sets of metabolites and clinical variables Selected times 

SM C18:1, PC aa C38:0, age, total cholesterol, fasting glucose, eGFR, UACR 113 

SM C18:1, age, total cholesterol, fasting glucose, eGFR, UACR 78 

SM C18:1, PC aa C38:0, proline, age, total cholesterol, fasting glucose, eGFR, UACR 67 

 

 

Table S9. The selected times for 15 most important variables over 1000 selection rounds in 

100 times of 10-fold cross validation  

Out of 125 metabolites and 14 clinical variables, 15 most frequently selected variables and their 

total selected times over 1000 selection rounds are shown. Abbreviations: UACR, urinary albu-

min-to-creatinine ratio; eGFR, estimated glomerular filtration rate; SM, sphingomyelin; PC aa, 

phosphatidylcholine diacyl. 

 
Variables Selected times 

UACR 1000 

eGFR 1000 

Age 999 

Total cholesterol 996 

Fasting glucose 942 

SM C18:1 857 

PC aa C38:0 593 

Triglyceride 270 

Proline 229 

PC aa C32:2 156 

Tyrosine 129 

SM C26:1 109 

C18:1 108 

PC aa C36:4 92 

Use of lipid lowering drugs 81 
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Table S10. Predictive performance of the best set of predictors and the full model of incident 

CKD in hyperg󠆷lycemia 

Mean AUC values of the best set of predictors and the full model of incident CKD in hypergly-

cemia are shown. The mean AUC value of the best set of predictors was the average value of the 

AUC values of the 113 selected times, in which the models were fitted with support vector ma-

chine. The average AUC value of the full model was obtained using logistic regression with 10 

times of 10-fold cross validation.  Abbreviations: CKD, chronic kidney disease; AUC, area under 

the receiver operating characteristic curve; UACR, urinary albumin-to-creatinine ratio; eGFR, 

estimated glomerular filtration rate; SM, sphingomyelin; PC aa, phosphatidylcholine diacyl. 

 
Models Mean AUC  Absolute increase in 

mean prediction 

The best set of predictors  

(i.e., SM C18:1, PC aa C38: 0, age, total cholesterol, fasting glu-

cose, eGFR and UACR)  
0.857 

4.8% The full model  

(i.e., age, sex, BMI, systolic blood pressure, smoking status, tri-

glyceride, total cholesterol, HDL cholesterol, fasting glucose, use 

of lipid lowering drugs, antihypertensive and anti-diabetic medica-

tion, eGFR and UACR 

0.809 
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Supplementary Fig󠆷ures 

Fig󠆷ure S1. Technical normalization across the study 

Comparison of before and after normalization of plate effect of metabolite data using phos-

phatidylcholine diacyl (PC aa) C34:2 as an example. Metabolite concentration drifts at 38 plates 

were independently corrected by conducting plate effect normalization in quality controls samples 

(QCs, shown in plots A and B) and KORA F4 individual samples (plots C and D).  
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Fig󠆷ure S2. Correlation of nine sphing󠆷omyelins in 385 hyperg󠆷lycemic participants 

Pearson’s correlation coefficients values of nine sphingomyelins (SMs) in 385 participants with 

pre-diabetes and T2D are shown. Both the size of the cycle and intensity of color indicate the 

degree of correlation between the metabolites. The numeric values of Pearson’s correlation coef-

ficients are shown in the bottom triangle.  
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Abstract 

Precision medicine relies on molecular signatures informing the assessment of individual disease 

risks, the identification of sub-clinical diseases, and the initiation of personalized prevention and 

treatment measures. Multi-omics signatures enable a detailed molecular and physiological 

profiling of an individual’s health and disease. Chronic kidney disease (CKD) is a multifactorial 

condition involving complex pathogenetic processes. We used the longitudinal population-based 

KORA cohort for a five-level multi-omics (genotyping, DNA methylation, transcriptomics, 

proteomics, and metabolomics) and clinical assessment of risk signatures prognosticating CKD, 

thereby covering a 13-year follow-up of individuals. Multi-omics analysis identified 120 candidate 

biomarkers of CKD in hyperglycemia, of which 64 were replicated and 11 were potentially novel. 

Our constructed genome-wide polygenic score (GPS) of the estimated glomerular filtration rate 

(eGFR) showed a strong association with eGFR in the KORA and UK biobank cohorts. Integrating 

evidence from the association of various omics signatures with eGFR and urinary albumin to 

creatinine ratio (UACR) phenotypes, genetic analyses (Mendelian Randomization and GPS), and 

hypothesized pathogenetic traits underlying diabetes-related CKD, we classified 64 replicated 

candidates into subgroups and connected them to kidney traits to provide insight into their possible 

roles in personalized management of  hyperglycemia-related CKD.  

By investigating the interplay between multi-omics markers in hyperglycemia, e.g. by causal 

mediation analysis, we unraveled novel regulatory interactions between molecular pathways and 

kidney pathogenetic traits. Moreover, GPS, candidate proteins, and metabolites can improve the 

prognosis of future CKD in individuals with hyperglycemia. We identified three potentially novel 
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proteins that classify CKD patients with hyperglycemia into three subgroups more effectively than 

eGFR and UACR, confirming that distinct pathogenetic traits are predominant in different 

subgroups of CKD patients, which opens the possibility for personalized prevention and treatment 

measures targeting distinct molecular pathways towards clinically overt CKD.  Altogether, our 

study presents a systematic multi-omics landscape of CKD in hyperglycemia and demonstrates 

how to integrate multi-omics profiles for applications to precision medicine.  

 

Keywords 

Multi-omics; chronic kidney disease; diabetic kidney disease; prediabetes, type 2 diabetes; 

causality; Mendelian Randomization; genome-wide polygenic score; precision medicine; 

prediction.  
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Introduction 

Multi-omics and computational methods show a high potential to improve precision medicine. By 

combining multi-omics profiling and clinical assessment of a large longitudinal cohort, one can 

assess individuals' health status comprehensively, identify deviations from baseline and follow the 

progression of illness, reveal differences between disease cases and healthy controls, and explore 

the underlying pathophysiological mechanism and pathway, all of which may improve the 

precision of disease detection and treatment. Despite this promise, few studies have used emerging 

technologies such as multi-omics profiling in prospective population-based cohorts to identify 

prognostic disease markers and improve disease management. Commonly, a multi-omics approach 

is claimed when using up to two levels of omics analysis 1. While a longitudinal follow-up study 

reported it used deep multi-omics profiling, the employed sample size (109 individuals) remained 

limited 2. 

Chronic kidney disease (CKD) affects approximately 9.1% of the global population 3. Diabetes 

accounts for 30–50% of all CKD cases 4, and undiagnosed diabetes and prediabetes have been 

associated with a high prevalence of CKD in various populations 5,6. We have explored targeted 

metabolite profiles of CKD in people with pre-diabetes and type 2 diabetes (T2D) and identified 

two candidate metabolite biomarkers of incident CKD and a set of predictors 7,8.  Early detection 

of sub-clinical CKD would contribute to improving CKD prevention, care and management, thus 

reducing morbidity, mortality, and healthcare costs.  

CKD is a multifactorial condition driven by diverse and highly networked pathological processes. 

It is therefore critical to investigate the specific roles of molecular hallmarks of diabetes-related 

CKD by means of multi-omics analyses. Due to the complex pathogenetic traits of CKD, 

identifying sensitive and specific biomarkers that reflect its pathogenetic diversity can improve 

understanding of the disease and possibly prevent or treat it more precisely at earlier stages. A 

number of studies have identified omics signatures at a single omics level, and few have examined 

the underlying interactions between these omics signatures at multiple levels. Exploring the 

correlations between multi-level omics signatures is necessary to better understand the diversity 

of individual pathogenetic traits underlying the complex molecular regulation of CKD.  

Currently, most proposed biomarkers are based on observational data. To determine the "true" 

relationship and directionality between such omics profiles and clinical traits, two-sample 

Mendelian Randomization (2SMR) is a valid approach. The genome-wide polygenic score (GPS) 

can identify individuals at high genetic risk and signatures at other omics levels that reflect the 

translation of genetic information into phenotypes. Out of a large number of omics molecules, 

those that show dominance in the prediction of early CKD when added to currently proposed 

predictors remain unknown. Also, it is essential to investigate ways to maximize the utility of 

multi-omics molecular profiles to improve CKD early detection. Moreover, the ability of omics 

molecules to subtype hyperglycemia-related CKD and the unique patterns in each subgroup need 

to be explored to benefit for targeted prevention and therapy.  
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In the present study, individuals from the population-based adult KORA (Cooperative Health 

Research in Augsburg) cohort have been longitudinally profiled using clinical laboratory tests and 

multi-omics assessments 9. The study had three objectives (Extended Data Fig.1). We first sought 

to identify subgroups of omics signatures we identified and replicated for hyperglycemia-related 

CKD based on various evidence that included omics signatures-associated phenotypes (i.e., eGFR 

and urinary albumin to creatinine ratio (UACR)), genetic evidence (i.e., MR and GPS), and 

knowledge on potential pathophysiologies of diabetes-related CKD. We further suggest potentially 

novel candidate biomarkers of CKD in hyperglycemia. Second, we examined the potential 

interplay among multi-omics molecules (i.e., candidates and established biomarkers) of CKD in 

hyperglycemia to explore the directionality of nephrogenic effects in the connected molecular 

pathways, potential new causal links, and relevant molecular traits. Third, we explored the 

prediction of incident CKD and subtyping CKD patients in hyperglycemia using multi-omics 

profiles. For the prediction part, we proposed cut-off omics levels, the dominant predictive 

molecules on top of current suggested predictors and highlighted the GPS we built and replicated.  

Along with shedding new light on the mechanisms of CKD, our study presents a complex multi-

omics landscape for the disease in hyperglycemia and provides deep insight into the effective 

integration of multi-omics profiles for personalized disease management.  
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Results 

Identification and replication of multi-omics sig󠆷natures of CKD associated with 

kidney traits in hyperg󠆷lycemia 

In a total of 1,401 individuals with prediabetes and T2D, the KORA F4 study contains 166, 206, 

59, and 282 CKD cases, for which quality control (QC)-passed epigenomic, transcriptomic, 

proteomic, and metabolomic-data are available, respectively. Compared with non-CKD 

individuals, CKD cases were significantly older and displayed higher values of BMI, HbA1C, FG, 

UACR (current F4 and follow-up FF4), as well as lower eGFR values (Supplementary Table 1). 

They also self-reported significantly higher anti-hypertensive and anti-diabetic mediation.  

From these hyperglycemic subcohorts, we identified 120 CKD-associated candidates (20 CpG 

sites, 20 RNAs, 63 proteins and 17 metabolites) using epigenome-, transcriptome-, proteome-, and 

metabolome-wide association studies (EWAS, TWAS, PWAS, MWAS), respectively (Figs. 1a-1d, 

Supplementary Tables 2-5). These associations were independent of age, sex, body mass index 

(BMI), systolic blood pressure (BP), smoking status, triglycerides, total cholesterol, high-density 

lipoprotein (HDL) cholesterol, fasting glucose (FG), use of lipid-lowering, antihypertensive and 

anti-diabetic medication (defined as full model). The strongest significant CKD-associated CpG 

site was cg22872478 (LYSMD2), while the top two significant RNAs were gene expression TFE3 

(ILMN_1764826) and SLC22A4 (ILMN_1685057).  In the proteomic data, CST3 and EGFR were 

the most significant positive and negative molecules associated with CKD, respectively. Of the 

identified 17 metabolites, 14 were acylcarnitines, with Tyr being the most significant negative 

metabolite. 

Of the 120 candidate biomarkers, 114 molecules interacted with hyperglycemia, while two 

metabolites (C14:1‐OH and C16) and four proteins (CST3, FSTL3, CTSH and RELT) were also 

significantly associated (FDR < 0.05) with CKD in individuals with normal glucose tolerance 

(NGT) of KORA F4 (Supplementary Table 6). To explore potential networks underpinning these 

120 candidate biomarkers, we subjected them to CIDeR-based multifactorial interaction network 

analyses 10. We further found that 87 of 120 candidates or their corresponding genes/proteins were 

functionally involved in eight T2D-related CKD (T2DCKD) subnetworks: Tyr in diabetic kidney 

disease (DKD) (T2DCKDtyr), mitochondrial dysfunction (T2DCKDmito), innate immune 

response in DKD (T2DCKDinna), adipokine influence on DKD (T2DCKDadipo), renin-

angiotensin system (RAS) dysfunction in DKD (T2DCKDras), extracellular matrix deposition and 

renal fibrosis (T2DCKDfibri), advanced glycation end-products (T2DCKDage) and angiogenesis 

(T2DCKDangi) (Extended Data Fig. 2, Supplementary Figs. 1-7, Supplementary Tables 7-14). 

Aiming to replicate our findings in additional studies exhibiting omics-data with CKD, we 

achieved replication for two CpGs, two RNAs in the KORA F3 study, 46 proteins in the Qatar 

Biobank (QBB) 11 or the Qatar Metabolomics Study on Diabetes (QMDiab) studies, as well as 14 

metabolites in the KORA F3 or FF4 studies (Supplementary Tables 2-5). Taken together, 64 

candidates were replicated.  
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Merging the 64 replicated candidates and 87 molecules involved in eight T2DCKD subnetworks 

resulted in a set of 97 (i.e. 7 CpGs, 14 RNAs, 62 proteins and 14 metabolites, Fig. 1e, 

Supplementary Table 15) that were considered as the extended replicated set. It comprises two 

groups: group 1 with 56 candidates overall negatively associated with eGFR, positively associated 

with UACR and CKD in hyperglycemia, and group 2 with 41 candidates inversely associated (Fig. 

1f). For instance, proteins CST3 and EGFR were the top candidates and representative omics 

molecules in group 1 and 2, respectively. Protein CST3 showed the strongest negative associations 

with eGFR values F4 and FF4, while protein EGFR achieved the largest positive regression 

coefficients. Notably, only protein EGFR was associated with F4 and FF4 eGFR and UACR in 

hyperglycemia after FDR correction (Extended Data Fig. 3a). Moreover, four proteins (GHR, 

EGFR, CST3 and B2M) and three metabolites (C12, C14:1 and C18:1) associated with incident 

CKD in hyperglycemia when using the fully adjusted model and accounting for multiple testing 

(Extended Data Fig. 3b, Supplementary Table 15).  
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Integ󠆷ration of four-level omics molecules in hyperg󠆷lycemia to explore potential 

interplay across distinct omics levels 

Multi-omics integration network (MOIN). Generating an optimal Gaussian Graphical Modeling 

(GGM) with 101 molecules from four omics levels revealed a potential crosstalk beyond analyte 

classes (Supplementary Table 16).  Intra-omics were found to be more highly associated than inter-

omics connections (Extended Data Fig. 4). To investigate inter-omics associations, the edges of 

the integrated network from different analyte classes were used to construct different levels of 

MOIN (DMOIN), from which ten sub-clusters emerged using the Markov Cluster Algorithm 

(MCL) (Fig. 2a), with the largest cluster (cluster 1, 31 nodes) primarily representing subnetworks 

related to T2DCKDinna and -mito. Cluster 1 included three well-known biomarkers as cluster 

hubs, with protein B2M displaying the strongest positive correlation with CST3. Furthermore, six 

(C10:2, C12, C5, C14:2, C14:1-OH and C6) of the eight acylcarnitines preserved in the network 

exhibited positive linkages to CST3 or creatinine, while C16 and C12 had negative linkages to 

protein EGFR, which itself was negatively related to urine albumin and CST3. The second largest 

cluster (cluster 2) had eight nodes. One of the cores, SLC22A4, functioning as a transporter for 

acylcarnitines 12 and ergothioneine 13, was negatively associated with IL19, SPINT1 and NOTCH1, 

and positively associated with urine albumin, IGFBP2, and TNFRSF1A. Notably, the 

T2DCKDmito subnetwork included SLC22A4 and its four associated omics candidates (IL19, 

RPS6KA5, NOTCH1, and IGFBP2). Subnetwork T2DCKDtyr regulation was placed into the third 

largest cluster (cluster 3), including five of the network's seven nodes. Tyr correlated positively 

with PLAT and ACY1, and negatively with IGFBP2. Tyr's role in the DMOIN network appears 

distinct from the majority of acylcarnitines, which agreed that they belonged to two distinct 

clusters based on associations with eGFR and UACR values in hyperglycemia (Fig. 1f). 

Candidate proteins and three known biomarkers identified as main mediators connecting 

omics signatures and kidney traits in hyperglycemia. To identify mediators among different 

levels of molecules and three time-point (S4 / F4 / FF4) kidney traits (CKD, eGFR and UACR), 

as well as reveal the optimal mediation directions, we performed causal mediation analysis in three 

parts (Supplementary Fig. 8). When analyzing part 1 (candidate & candidate & kidney trait, see 

“Online method”), 640 out of 994 tested mediating triangles were eligible mediating results when 

kidney trait was used as independent variable (X) or outcome (Y) (Fig. 2b, Extended Data Fig. 5a). 

Of these 640, 82 were found to be the only best direction (best only1) for the triangles they derived 

from, and 30 were observed with two possible best directions (best has2) for the corresponding 

triangles. We further found that 77 of 82 (94%) candidate proteins acted as mediators between 

candidates (particularly metabolites) and kidney traits (e.g., metabolite → protein → kidney trait, 

Fig. 2b, Extended Data Fig. 5a, Supplementary Table 17).   

For the part 2 (candidate & known biomarkers & kidney trait) analysis, 165 FDR significant 

molecule pairs between the three known biomarkers and 96 candidates were found, with 72 

candidates linked to CST3, 58 to creatinine, and 35 to urine albumin. Of 2,354 tested mediating 

triangles, 1,534 eligible mediating results were found when the kidney trait was used as X or Y, 

191 and 148 of which were found as the best only1 and best has2 for the triangles they derived 

from, respectively. When one of three known biomarkers acted as a mediator (candidate → known 
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biomarkers→ kidney trait, and kidney trait → known biomarkers → candidate), a majority (187 

of 191) represented best directions (Fig. 2b, Extended Data Fig. 5b, Supplementary Table 18). 

Additionally, in the part 3 (2-mets & kidney traits) analysis, SM C18:1 → creatinine → follow-up 

eGFRcr (eGFR was calculated from serum creatinine FF4) values and PC aa C38:0 → CTSH → 

follow-up eGFRcr were found as the best direction in the corresponding triangles (Supplementary 

Table 19).  

Moreover, for candidate → kidney trait → candidate, only the kidney trait eGFR were kept after 

structural equation modeling (SEM)14 and contained best mediation directions (Extended Data Fig. 

5c). The best directions were found for known biomarkers → CKD → candidate, as well as 

candidate → eGFR / UACR → known biomarkers, respectively (Extended Data Fig. 5d).  

Taken together, the causal mediation analysis identified 565 best mediation directions, pointing to 

a complex omics network of regulatory interactions between different levels of molecules and 

kidney traits. When the kidney trait was served as an X or Y in mediating triangles, the results 

showed that our candidate proteins and three known biomarkers were major mediators in 

connecting other omics candidates to kidney traits in both directions.  

Directed mediating multi-omics networks reveal potential causal links and relevant 

molecular pathways. To increase the possibility of identifying potential causal links and relevant 

molecular pathways, we mapped our DMOIN with the best mediation directions' results from the 

causal mediation analyses to generate a directed mediating MOIN (DMMOINs) (Fig. 2c, Extended 

Data Fig.6, Supplementary Table 20). When CKD was identified as potentially causal X in the 

mediating triangles, the directed network had 25 nodes and 30 edges with CST3 as the center, 

followed by creatinine. CST3 served as a mediator to connect 13 molecules and CKD. Interestingly, 

CST3-B2M, CST3-C1QBP, CST3-CTSH and CST3-NBL1 presented both directions (Extended 

Data Fig. 6a). When CKD was identified as outcome Y in the mediating triangles, CST3 also 

represented as the center of the directed network (22 nodes and 22 edges) and served as a mediator 

to connect 10 molecules and CKD, such as EGFR → CST3 → CKD. We further found that there 

were 27 and 39 edges in the directed networks when eGFR was served as X or Y in the mediating 

triangles, respectively (Fig. 2c, Extended Data Fig. 6b). We observed unique mediation directions 

such as eGFR → EGFR → C16 (Extended Data Fig. 6b), C16 → EGFR → eGFR and PC aa C38:0 

→ CTSH → eGFR (Fig. 2c). Moreover, connections between C10:2 or C5 and CKD or eGFR 

were linked by CST3 and creatinine (Extended Data Figs. 6a, 6b). Interestingly, three proteins 

(EGFR, GHR and IGFBP2) mediated effects of UACR (as X) to metabolite C18:1, while urine 

albumin was the key hub connecting five molecules and UACR (as Y). DMMOINs were also 

generated when eGFR or UACR were served as mediators, but not for CKD (Extended Data Fig. 

6).  

Overall, the directed networks revealed potential causality (see “discussion”) in connections 

between molecule pairs and their associated kidney traits.  
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Identifying󠆷 the hig󠆷h g󠆷enetic risk population for CKD and elucidating󠆷 the role 

of omics sig󠆷natures using󠆷 GPSeGFR 

We built GPS for eGFR (GPSeGFR) using reported effect size of SNPs from the CKDGen study 

with 567,460 European individuals (after first eliminating KORA F4 effects to avoid overfitting) 

in 2,757 KORA F4 individuals using 162,818 uncorrelated SNPs (LD r2 < 0.1). We found that the 

GPSeGFR strongly positively associated with eGFR values (P = 2.233E-81, Extended Data Fig. 7a) 
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in F4, and this association was successfully replicated in the UK biobank (UKBB) (ß = 2.541, P < 

2E-16, Fig. 3a) and testing samples of KORA S4 (non-overlapping individuals, P = 3.969E-40, 

Extended Data Fig. 7b).  The GPSeGFR showed normal distribution in F4 population and S4 testing 

samples, excepted for the tail part of GPSeGFR, there was a trend toward an increase in eGFR values 

following an increase in GPSeGFR values in the general (Extended Data Fig. 7a) and hyperglycemic 

population (Fig. 3b) of F4, and this trend was validated in S4 testing samples (Extended Data Fig. 

7b).    

We next analysed the associations between GPSeGFR and eGFR values (current F4 and follow-up 

FF4), both prevalent and incident CKDcrcc (eGFR-based CKD) and CKD (eGFR- and UACR-

based CKD) adjusted for the full model in hyperglycemia, respectively. We found that GPSeGFR 

showed highly significant increase in eGFR values (P-value = 2.829E-44) and its follow-up (P = 

6.270E-19), with an SD increase in GPSeGFR associated with 4.96 and 4.47 increased values, 

respectively (Fig. 3c). GPSeGFR showed highly significant negative association with CKDcrcc (P 

= 1.196E-08) and incident CKDcrcc (P = 1.211E-07), and the effects were consistent for both 

prevalent and incident CKD (Fig.  3c).  

Of 64 replicated candidates of EWAS, TWAS, PWAS and MWAS, 13 proteins and five 

metabolites were significantly associated with GPSeGFR in hyperglycemic individuals after 

adjustment for multiple testing (Fig. 3d, Supplementary Table 21). All 18 GPSeGFR associated 

candidates were significantly associated with both current and follow-up eGFR values 

(Supplementary Table 15). The eGFR-candidate associations and the GPSeGFR-candidate 

associations were all directionally concordant. Protein CST3 had the strongest significance with 

eGFR (P = 3.888E-80 for current, and P = 1.985E-49 for its follow-up) as well as GPSeGFR (P = 

2.533E-04). Moreover, of 18 GPSeGFR associated candidates, proteins CST3 and B2M and 

metabolite C12 demonstrated significant associations with incident CKD in hyperglycemia 

adjusted for the full model (Extended Data Fig. 3b, Supplementary Table 15). 

Interestingly, the relationship between GPSeGFR and eGFR was not linear. Indeed, the effect was 

estimated to be much stronger at the distribution's extremes, which was replicated in the test 

samples of S4 (Extended Data Fig. 7b) and consistent with the previous report 15. The tail effect 

occurs when the ratio of the effect of the tails to the effect of the overall distribution is greater than 

one. Both in general and hyperglycemic population, individuals in the first decile of the GPSeGFR 

distribution exhibited much lower eGFR values than those in other deciles (Fig. 3b, Extended Data 

Fig. 7), indicating that they were a potential high genetic predisposition subpopulation of 

developing reduced eGFR values.  

To assess this tail effect for the 18 GPSeGFR associated candidates, we stratified the hyperglycemic 

KORA F4 population according to GPSeGFR deciles. We found a steeper slope for 15 candidate 

measures at the lower and/or upper extremes of the distribution (Fig. 3e, Supplementary Fig. 9).  

Additionally, GPSeGFR had a greater than 5-fold effect on 12 candidates (TNFRSF1A, FSTL3, 

ADAMTS13, RETN, B2M, ERP29, JAM2, NBL1, SPOCK2, C8, C10 and C12) in the 5% tail of 

the population compared to the full data (Fig. 3f, Supplementary Fig. 10, Supplementary Table 
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23). Therefore, we observed 11 candidates (TNFRSF1A, FSTL3, ADAMTS13, C8, RETN, B2M, 

ERP29, JAM2, C10, SPOCK2 and C12) exhibiting strong tail effects with GPSeGFR, not only by 

presenting a steeper slope regarding eGFR at the extremes of the distribution of GPSeGFR, but also 

by showing strong tail effects for the associations with GPSeGFR. It demonstrated that extreme 

GPSeGFR may strongly influence these 11 candidates’ levels in hyperglycemia (Figs. 3e-f, 

Supplementary Figs. 9-10).  

With the generated GPSeGFR as potentially causal X, we performed mediation analyses to examine 

potential mediation effect of kidney traits with 18 identified GPSeGFR-associated candidates. Using 

eGFR and CKD from three time points (S4 / F4 / FF4), the mediation results indicated that 11 

candidates (protein TNFRSF1A, SPOCK2, IGFBP6, NBL1, JAM2, ERP29, RETN, ADAMTS13, 

SCARF1, metabolite C10:2 and C12) showed both directions for eGFR (e.g., GPSeGFR → eGFR 

S4 → TNFRSF1A and GPSeGFR → TNFRSF1A → eGFR F4/FF4). The value of eGFR S4 

mediated 98.57% effect between GPSeGFR and TNFRSF1A. Five candidates (CST3, B2M, RELT, 

FSTL3 and C14:1-OH) were identified as mediators for eGFR F4 / FF4. Two metabolites (C10 

and C8) were found as outcomes for eGFR S4 / F4. Regarding CKD, six candidates (CST3, B2M, 

TNFRSF1A, IGFBP6, NBL1 and C10:2) presented both directions, while nine candidates (RELT, 

SPOCK2, FSTL3, ERP29, SCARF1, C12, C10, C8 and C14:1-OH) were identified as mediators 

for CKD F4/FF4. Strikingly, none of the 18 candidates had significant mediation effects when 

CKD F4 was used as a mediator, whereas 10 candidates significantly mediated by eGFR F4 (Fig. 

3g, Supplementary Table 22).  

Potential causal associations between circulating󠆷 proteins / metabolites and kid-

ney traits   

Elucidating causal disease pathways can contribute to develop reliable treatment strategies. We 

performed a bidirectional 2SMR analysis 16 to identify proteins and metabolites that may play a 

causal role in the development of kidney traits and reverse, respectively (Fig. 4, Supplementary 

Tables 24-26). 

Of 46 proteins and 14 metabolites that were successfully validated in QBB / QMDiab and in 

KORA F3 / FF4 study, respectively, we identified suitable genetic instruments for 44 proteins and 

13 metabolites (Supplementary Tables 24, 26).  Our robust adjusted profile score (RAPS) analysis 

revealed significant (FDR < 0.05) associations of three candidates (protein SOD2 and metabolites 

Tyr and C8:1) to CKD, nine candidates to eGFR, and six metabolites to UACR (Fig. 4). Among 

the candidates with significant MR estimates, eight (IGFBP6, ESAM, EPHA2, Tyr, C8:1, C5, 

C18:1, and C14:2) for eGFR and five (C5, C2, C18:1, C14:2, and C12) for UACR showed 

significant evidence of heterogeneity and/or horizontal pleiotropy. We further used outliers-

corrected MR analyses to control heterogeneity and horizontal pleiotropy in these MR estimates. 

Accordingly, four (Tyr, C8:1, C5 and C14:2) out of eight for eGFR values, two (C5 and C14:2) of 

five for UACR values consistently reached FDR significance with outliers-corrected IVW/Wald 

ratio or MR_PRESSO outliers-corrected using the SNPs after removing outliers, respectively. 
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Additionally, ERBB3-to-UACR and C10:2-to-eGFR reached FDR significance with outlier-

corrected Wald ratio. 

In the case of protein to kidney trait, a second set of genetic instruments summarized by Zheng et 

al 17 was available and 23 of 46 proteins had available MR estimates for either CKD, eGFR, or 

UACR (Supplementary Table 25). We found that five of 23 proteins (CGA;LHB, PLAT, 

ADAMTS13, SCARF1 and IGF2R) were nominally significant using the first set, their causal 

estimates were all directionally consistent using the second set. With the second set of instruments, 

seven proteins (ESAM, CGA;LHB, CTSH, PLAT, HAVCR2, PLG and B2M) were associated  (P 

< 0.05) with at least one kidney trait,  all except ESAM were estimated consistently with the first 

set. Moreover, CGA;LHB and PLAT were significant in the first set. Additionally, the second set 

revealed that proteins B2M and PLG had FDR associations (B2M-to-CKD, B2M-to-eGFR, B2M- 

to-UACR, and PLG-to-eGFR). The first set had no available instruments for B2M but yielded a 

consistent causal estimate that was not significant for PLG-to-eGFR.  

In summary, the associations of four candidates (SOD2, B2M, Tyr, and C8:1)-to-CKD, seven 

candidates (SOD2, B2M, Tyr, C8:1, C5, C14:2, and C10:2)-to-eGFR, and five candidates (B2M, 

ERBB3, C8:1, C5, and C14:2)-to-UACR were suggested to be affected by genetic predisposition. 

We next investigated the reverse direction, i.e., whether a genetic predisposition to kidney traits 

affects blood protein and/or metabolite levels. We identified suitable genetic instruments of kidney 

traits on 46 proteins and 11 metabolites. The 2SMR analyses indicated a significant (RAPS, FDR 

< 0.05) effect of CKD on three proteins (TNFRSF1A, SPOCK2 and MMP1); of eGFR on 14 

candidates (10 proteins and four metabolites); of UACR on protein MMP1, respectively (Fig. 4, 

Supplementary Table 24, 26). Of which, CKD/eGFR-to-SPOCK2, UACR-to-MMP1 showed 

significant evidence of heterogeneity or horizontal pleiotropy of the genetic instruments. The 

corresponding outliers-corrected MR analyses indicated that CKD-to-SPOCK2 and eGFR-to-

SPOCK2 consistently reached FDR significance. Additionally, IL19-to-eGFR reached FDR 

significance with outlier-corrected IVW. In summary, three proteins (TNFRSF1A, SPOCK2 and 

MMP1) were identified as being influenced by genetic predisposition from CKD, 15 candidates 

including 11 proteins (UNC5C, TNFRSF1B, TNFRSF1A, TNFRSF119, SPOCK2, RETN, RELT, 

IGFBP6, FSTL3, CTSH and IL19) and four metabolites (C8:1, C2, C14:2 and C10:2) were from 

eGFR.  

We further compared 2SMR (RAPS and outliers-corrected analyses when required) and 

observational estimates from KORA for all proteins and metabolites that were indicated as 

presenting genetic predisposition on kidney traits in either direction. Our causal estimates for all 

three CKD-to-protein, 15 eGFR-to-protein/metabolite were directionally consistent with 

corresponding observational estimates for prevalent CKD and current eGFR values, respectively, 

supporting that these candidates’ levels may be altered downstream of the kidney trait or its 

heritability (Fig. 4, Supplementary Table 24, 26).  



80 

 

For three (B2M, Tyr, and C8:1) of the four candidates to CKD causal estimates, the same was true 

as for the observed estimates of incident CKD. Consistent estimates between causal and follow-

up estimates were also found for three (B2M, Tyr, and C8:1) of seven candidates to eGFR, and 

four (B2M, ERBB3, C8:1 and C14:2) of five candidates to UACR, respectively. However, the 

follow-up estimates for SOD2-to-CKD/eGFR, C14:2-to-eGFR and C10:2-to-eGFR were 

inconsistent with their causal estimates and instead all directionally consistent with their 
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CKD/eGFR to candidate causal estimates (Fig. 4, Supplementary Tables 24-26), two of which 

(eGFR-to-C14:2 and eGFR-to-C10:2) were statistically significant (FDR < 0.05). 

Taken together, after these steps to reduce false-positive findings, we discovered that three 

candidate biomarkers (B2M, Tyr and C8:1) were potentially causal for developing CKD, while 

CKD may have a causal effect on three proteins (TNFRSF1A, SPOCK2, and MMP1). The three 

candidates (B2M, Tyr and C8:1) were potentially causal on eGFR values, while a reverse direction 

was observed on 15 candidate biomarkers (11 proteins: UNC5C, TNFRSF1B, TNFRSF1A, 

TNFRSF119, SPOCK2, RETN, RELT, IGFBP6, FSTL3, CTSH, IL19 and four metabolites: C8:1, 

C2, C14:2, and C10:2), with C8:1 presenting in both directions (C8:1-to-eGFR and eGFR-to-C8:1). 

Two proteins (B2M and ERBB3) and two metabolites (C8:1 and C14:2) may have a potentially 

causal role on UACR values. 

Five-level multi-omics prediction in hyperg󠆷lycemia to reveal the optimal cut-off 

omics levels and dominant molecules 

We next investigated the prediction of incident CKD in 751 hyperglycemic individuals of KORA 

F4 using multi-omics (e.g., GPSeGFR, 62 proteins, 14 metabolites, 7 CpGs and 14 RNAs) to explore 

cut-off omics levels, and propose the dominant predictive molecules on top of current suggested 

predictors (i.e., four distinct sets of reference predictors) 7,18.   

Overall, we found that GPSeGFR, candidate proteins and metabolites improved predictive 

performance with increasing mean area under the receiver operating characteristic curve (AUC) 

values in testing data compared to ref sets (i.e., ref1, ref2 and ref3, Fig. 5, Supplementary Table 27).  

The mean AUC value increased when adding more omics levels except for candidate CpGs and 

RNAs. For example, in the four levels (combination of ref_GPSeGFR_Proteins_Metabolites) 

analysis for ref3 (i.e., sex, age, eGFR and UACR), adding GPSeGFR, 1omics and 2omics to ref3 

increased the mean AUC value from 0.729 to 0.760, 0.769 and 0.781, respectively. In the five 

levels analysis (i.e., combination of ref_GPSeGFR_CpGs_Proteins_Metabolites), mean AUC value 

of five levels’ omics compared to four levels’ omics, a slight improvement was observed for ref1, 

but decrease were detected for ref2, ref3 and ref4, respectively (Fig. 5b).  
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Additionally, we observed that sample size was a strong influence factor for the predictive 

performance (Fig. 5, Supplementary Table 27). One of the potential reasons could be the built 

predictive models may have become less stable with a smaller sample size.  For example, in the 

combination of ref3_GPSeGFR_Proteins / Metabolites analyses, mean AUC values were 0.731, 

0.765, 0.778 for ref3, ref3 + GPSeGFR and ref3 + GPSeGFR + Proteins in the mean sample size of 418 
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as training and 155 as testing samples, whereas mean AUC values were 0.802, 0.822, 0.824 for 

ref3, ref3 + GPSeGFR and ref3 + GPSeGFR + Metabolites in the mean sample size of 680 (training 

sample) and 251 (testing samples). 

Moreover, the top five selected predictors using the priority-Lasso for each combination from two 

to five omics levels and each reference set (from ref1 to ref4, Supplementary Table 28) were 

presented. For both ref1 and ref2, proteins CST3 and EGFR were 100% selected as the top five 

features in the defined combinations (see “Online Method”) and identified as the dominant 

molecules for prediction (Fig. 5c). For both ref3 and ref4 by including baseline eGFR and UACR 

values in the reference sets, CST3 and EGFR were no longer the most frequently selected features 

as eGFR and UACR values represent their main information. In this case, protein GHR, metabolite 

C5 and PC aa C38:0 were consistently selected as the top five features (Fig. 5c). Compared to our 

DMMOINs results (Fig. 2), the effects of GHR / PC aa C38:0 on incident CKD may not be directly 

mediated by CST3, creatinine, or urine albumin, which further supported their predictive effects 

for incident CKD were independent of baseline eGFR and UACR values.  

Additionally, our built GPSeGFR improved predictive performance for incident CKD in 

hyperglycemia on top of all four reference sets. The improvement was most noticeable for incident 

CKDcrcc (Fig. 5d, Supplementary Table 29), e.g., the median AUC increased by 5.9%, 3.4%, 1.9% 

and 1.7% when GPSeGFR was added to the four sets of references, respectively. This further proved 

our GPSeGFR contained a large amount of eGFR information.  

Subg󠆷roup of CKD patients in hyperg󠆷lycemia using󠆷 three potential novel bi-

omarkers 

We classified CKD patients with hyperglycemia using various combinations of biomarkers and 

candidates (Supplementary Fig.11, Supplementary Table 30) and identified three distinct groups 

of CKD patients by using three potential novel proteins (i.e., NBL1, EFNA5, and JAM2) (Fig. 6a).  

From group 1 (g1) to g3, median levels for all three proteins consistently got higher, while eGFR 

and natural log-transformed UACR median levels got lower, whereas g3 CKD patients had higher 

median uric acid levels than g1 and g2 (Fig. 6b).  

Additionally, the levels of other four clinical variables and 28 candidate biomarkers varied 

significantly among the three groups (Supplementary Fig.12, Supplementary Table 31).  From g1 

to g3, the percentage of CKD defined by eGFR and the use of antihypertensive therapy got higher, 

while the percentage of CKD defined by UACR got lower (Fig. 6c, Supplementary Table 32).  

Eight, two, and ten candidates were identified as dominant molecules for g1, g2, and g3 (Fig. 6d), 

respectively, with T2DCKDinna being the top likely involved pathological process for g1 and g3, 

and T2DCKDras, -angi, and -adipo being the top likely involved pathological processes for g2 

(Fig. 6e). One of the key processes for g2's dominant candidates was T2DCKDras, which may 

explain why the percentage of g2’s patients taking angiotensin receptor blockers (ARBs) or 

angiotensin-converting enzyme inhibitors (ACEIs) was lowest among three groups, but the 

percentage of eGFR decline > 30% and UACR increase > 30% were also lowest in g2, implying 
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that g2 CKD patients could be more sensitive to anti-RAS treatment. The reasons for the highest 

percentage of eGFR declines > 30% and UACR increases > 30%, and the lowest baseline UACR 

levels in g3 CKD patients may include the following: 1) the lowest average baseline eGFR values; 

2) these patients followed the classical developing model of DKD, with mild proteinuria at the 

onset and then increasing proteinuria and progression of GFR decline; and 3) the predominant 

pathological processes in these patients were not RAS, resulting in severe CKD progression 

despite a high rate of anti-RAS treatment. The current mainstay of CKD therapy is RAS blockade 

with ARBs and/or ACEIs, which decreases glomerular hyperfiltration and albuminuria and retards 

the decline in kidney function 19. However, not all patients with CKD or DKD respond to RAS 

blockade 19. The distinct dominant pathological processes observed in three subgroups of CKD 

patients corroborated this phenomenon and suggested that therapeutic targets focusing on 

T2DCKDinna, -angi, -mito, and -tyr processes in g1 patients, -ras, -angi, and -adipo processes in 

g2 patients, and -inna, -angi, and -fibri processes in g3 patients, may have beneficial effects. Our 

findings shed new light on the subtyping of hyperglycemia-related CKD using omics molecules 

and demonstrated the distinct characteristics of these subgroups. Furthermore, the three potentially 

novel proteins have the potential to subgroup CKD patients even more effectively than eGFR and 

UACR. 
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Discussion  

Our study identified 120 multi-omics candidate biomarkers prognosticating CKD in 

hyperglycemia, 87 were found to be involved in T2D-related CKD networks and 64 have been 

replicated.  All 64 were associated with eGFR or UACR values (current or follow-up), with 57 of 

them predicting follow-up eGFR or UACR values in hyperglycemia significantly. Previously, 53 

of these 64 candidates were reported to be associated with CKD or related kidney traits.  However, 

published studies may report effect size estimates for candidates in a different direction compared 

with those in KORA and our replication studies. For instance, IL19 was found to be decreased in 

KORA and two independent studies' CKD patients while it was reported to be increased in DKD 

patients 20. Additionally, 11 of 64 may represent novel omics markers prognosticating CKD in pre- 

or T2D individuals, with the protein JAM2, NBL1, and SCARF1 being associated with our 

GPSeGFR. As a result, our data not only confirmed previously established associations, but also 

revealed novel candidates.   

Eight maps of T2DCKD depicting the pathological mechanism. Although many studies have 

identified potential CKD biomarkers, their roles in underlying pathological processes of T2DCKD 

have not been thoroughly studied. Our eight T2DCKD subnetworks, which included 87 identified 

candidate biomarkers of CKD, illustrated the complex interwoven network of pathways involved 

in hyperglycemia-related CKD. Each process in DKD pathogenesis can affect multiple phenotypes 

and/or other processes, and many candidate genes/proteins are represented in multiple 

subnetworks.  

The T2DCKDtyr subnetwork presented how Tyr and its metabolism were involved in DKD 

development/progression and extracellular matrix (ECM) deposition. DKD is characterized by 

dysregulation of ECM proteins 21. Tyr may increase Triiodothyronine, which inhibits ECM 

deposition. We observed that CKD patients had lower concentration of Tyr compared to non-CKD 

individuals in hyperglycemia, and lower levels of Triiodothyronine could be expected and 

consequently, lead to deposition of ECM in CKD patients. Moreover, lower levels of Tyr could 

yield in lower Dopamine levels, which could result in lower glomerular filtration, higher 

albuminuria, and higher risk of DKD among others (Extended Data Fig. 2).  

The subnetwork T2DCKDmito involved 35 candidate biomarkers. Anomalies in serum lipids and 

ectopic lipid accumulation in the kidney due to mitochondrial dysfunction are associated with the 

development of kidney diseases 22.  Incomplete fatty acid beta-oxidation results in acylcarnitine 

accumulation in CKD patients, indicating mitochondrial dysfunction 23. We found 13 replicated 

acylcarnitines all showed increased levels in CKD patients, confirming this observation. 

T2DCKDmito involved C16 and C12 due to the possibility that incomplete fatty acid beta-

oxidation could increase their levels, with C16 possibly increasing PTGS2 gene expression. 

PTGS2 may boost the inflammatory response (Supplementary Fig. 1).  

The T2DCKDadipo (Supplementary Fig. 3) included three adipokines (ADIPOQ, RETN, and 

FSTL3) and one leptin receptor (LEPR) from our candidate proteins. Adipose tissue and 
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adipokines have been linked to kidney disease more than other biological components 24. 

Circulatory adiponectin levels can slow CKD progression in CKD patients 24. Serum levels of 

protein RETN are increased in CKD patients24, and FSTL3 is involved in dyslipidemia and the 

inflammatory response 25. These studies support our findings that CKD patients had significantly 

higher levels of all three adipokines than non-CKD individuals. 

T2DCKDage used seven candidates (C2, CGA;LHB, FN1, B2M, AMH, MMP1, and HVCR2). 

Evidence supports that inhibiting advanced glycation can slow the progression of experimental 

DKD 26.  T2DCKDras had 22 candidates. The intrarenal RAS is implicated in regulating 

glomerular hemodynamics, and glomerular hypertrophy and sclerosis. Angiotensin II type 1 

receptor antagonists and angiotensin converting enzyme inhibitors have been shown to slow DKD 

progression in patients with type 1 diabetes or T2D 26.  

T2DCKDfibri's subnetwork contained 29 candidates. Hyperglycemia accelerates the deposition of 

ECM proteins in DKD 21. Deposition of ECM thickens glomerular and tubular basement 

membranes, whereas increased mesangial matrix causes glomerular sclerosis and tubulointerstitial 

fibrosis 27. The largest subnetwork, T2DCKDinna, included 40 identified candidate biomarkers. 

Activation of innate immunity contributes to kidney inflammation in DKD.  Several studies 

suggest an association between the progression of DKD and pro-inflammatory pathways, 

including the NLRP3 inflammasome, TLR signaling, and the complement system 28. 

T2DCKDangi had 32 candidates. Abnormal angiogenesis is a well-defined complication of DKD 
29.  Angiogenesis is primarily induced by hypoxia and oxidative stress in the kidney via 

upregulation of VEGFA to counteract hypoxia 30.  

Ascertain the function of 11 potential novel candidates. The eight T2DCKD networks show 

potential to infer the relevant DKD pathways for the potential novel candidates of CKD (Extended 

Data Fig. 8). Nine of 11 (LYSMD2, NAPA, TFE3, NBL1, CTSV, CLEC4M, IGF2R, RET, JAM2, 

SCARF1, and EFNA5) are included in the T2DCKD networks.  For example, T2DCKDmito 

(Supplementary Fig. 1) involved three candidates (EFNA5, IGF2R, and NAPA). Silencing EFNA5 

may increase BCL2 expression 31, which has been shown to inhibit apoptosis 32. Our data showed 

elevated EFNA5 levels in CKD patients.  IGF2R regulates CD36 activity 33, facilitating long-chain 

fatty acid transport and tubular toxicity 22. We observed CpG site (cg23314866) that was 

negatively associated with CKD, annotating to gene NAPA. The function of NAPA was reported 

to reduce AMPK activity and affect mitochondrion organization 34. Dysregulated AMPK was 

observed in the kidney of DKD patients 35. That may explain why our study observed a negative 

link between NAPA (cg23314866) methylation and CKD in hyperglycemia.  

Genetic drivers. It is important to note that our studies used GPSeGFR and 2SMR as genetic drivers 

to elucidate the role of CKD-associated omics molecules to kidney traits (CKD, eGFR, and UACR) 

to extend observational associations to causality.  

GPS. With the effect sizes of SNPs for eGFR values from the largest consortium of GWAS studies 

of European ancestors, we built a GPS for eGFR and validated it externally in the UKBB and 
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internally in the KORA S4 testing samples. All three studies observed a strong correlation between 

GPSeGFR and eGFR, indicating that our findings are most likely true positives. In hyperglycemic 

population, our GPSeGFR showed strong associations with eGFR and its follow-up, CKD and 

incident CKD, and 18 of our candidate biomarkers of CKD. The GPSeGFR-associated omics 

molecules contained CST3, a protein with a well-established association with eGFR and CKD, 

and various other CKD-related proteins such as B2M. Eleven of the 18 candidates showed an 

augmented effect for individuals at population's tail, with several being critical in the 

development/progression of T2DCKD. For instance, the proteins TNFRSF1A, RETN, FSTL3, and 

B2M play essential pathogeneticphysiological roles in T2DCKD innate immunity (Supplementary 

Fig. 2), primarily by increasing the activity of the NF-kappaB complex complex 24,36 and 

macrophage activation 25, enhancing HLA-G interaction 37, and participating in the MHC class I 

complex 38. Extreme GPSeGFR identified 11 candidate biomarkers of CKD in addition to high 

genetic predisposition individuals, but not any of the other 53 replicated candidates. The 11 

candidates formed a set that suggests that the genetic factors of eGFR have a pronounced effect on 

their circulatory levels. Thus, it may help explain why some individuals develop CKD at an early 

age, given that the driving factors for CKD can be genetic, behavioral, and environmental, with 

genetics possibly being the most important for those individuals. Using our GPSeGFR to identify 

individuals with a high genetic risk of developing CKD may help improve personalized 

management of CKD in hyperglycemia. We found that these 18 candidates had distinct 

characteristics because they showed different mediation directions with GPSeGFR and eGFR/CKD, 

implying their distinct roles (mediator, outcome, or both) in the pathway by which genetic drivers 

of eGFR ultimately reach GFR and CKD.  

2SMR. 2SMR suggested 19 of 60 replicated proteins and metabolites to be causal for kidney traits 

(CKD/eGFR/UACR) in one or both directions. All 19 candidates associated with CKD or related 

traits according to literature. Our 2SMR results not only confirm previous findings, but also extend 

observational associations to causality and shed new light on genetic evidence-based directions. 

Since the current definition of CKD is predominately based on eGFR and/or UACR values, our 

2SMR results attribute the observational signals of CKD to various kidney traits (CKD, eGFR and 

UACR). For example, 2SMR results suggested that B2M, Tyr, and C8:1 are causal to CKD and 

eGFR, while B2M and C8:1 are also causal to UACR. T2DCKDinna and -age processes may 

involve B2M. Because MR causality does not imply a specific molecular mechanism, we also 

displayed the mediation results for the candidates of MR supported causality from our data to 

further investigate the potential mechanism. Mediation results for candidate → kidney trait 

(Extended Data Fig. 9c) and kidney trait → candidate (Extended Data Fig.9d) were presented. For 

example, the proteins IGFBP2, ACY1, and SPOCK2 may act as mediators between Tyr and 

follow-up eGFR values. Our mediation results may shed light on how these 2SMR-supported 

causal molecules reach phenotypes. Taken together, our 2SMR is the first to our knowledge that 

systematically investigates the causal relationships between candidate proteins and metabolites 

and various kidney traits in bi-directions, particularly in the field of targeted metabolomics, and 

the evidence with mediation results is further provided.  
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GPS&2SMR. Statistical power and reverse causality are two of the limitations for all MR studies 
12. Some candidates with a 2SMR supported direction of CKD/eGFR-to-candidate may also have 

a GPSeGFR supported direction of candidate-to-CKD/eGFR. Eight (B2M, TNFRSF1A, SPOCK2, 

IGFBP6, RETN, RELT, FSTL3, and C10:2) of the 18 GPSeGFR associated candidates (Figs. 3g, 4) 

may be causally linked to kidney traits suggested by 2SMR. Interestingly, all eight candidates were 

potentially causal for eGFR by 2SMR. Another example, the results of 2SMR and GPSeGFR’s 

mediation suggested B2M-to-CKD and CKD-to-TNFRSF1A, moreover, GPSeGFR’s mediation 

results implied the opposite direction as well. Although GPSeGFR's mediation evidence isn't as 

strong as that from 2SMR, it not only agreed with the 2SMR results but also suggested possible 

causal directions that the 2SMR didn't reveal. 

Classifying multi-omics signatures into subgroups. eGFR and UACR are not etiological 

markers for CKD and do not reflect its underlying pathophysiology, particularly in the early stages 

of disease 39.  Even when their values remained normal, there may be pathological molecular 

changes in the kidneys of individuals at risk of CKD 40. Current treatments for CKD focus on 

delaying the progression of the disease rather than reversing the underlying pathogenetic process 
41. A published simulation study combining clinical trials of patients with T2D demonstrated that 

intervention in the earliest stages of disease was most effective at delaying the onset of End-Stage 

Renal Disease (ESRD) 42. These findings suggest that the most effective preventative treatment 

would be to intervene early, prior to organ damage manifested by albuminuria and/or decreased 

eGFR 40.  Therefore, novel diagnostic methodologies are required to determine which individuals 

would benefit most from early treatment. Identifying high-risk individuals whose eGFR and 

albuminuria remain normal but who display molecular pathogenetic traits is critical but 

challenging. As a result, it is essential to identify biomarkers capable of identifying early 

pathogenetic changes, prognosticating eGFR and/or UACR deterioration, and elucidating the 

underlying pathogenetic processes. Lesson learned from clinical trials in which drugs targeting a 

single biomarker, such as transforming growth factor β1 blockade, failed and drugs targeting a 

molecular node like RAS succeeded because multiple actions of the RAS promote kidney cell 

injury, inflammation, and fibrosis 43. A panel of multiple protein biomarkers covering the 

numerous pathogenetic processes underlying DKD may be most appropriate to reliably and 

accurately predict progression of kidney disease 44. Therefore, of the concurrent contributions of 

several pathogenic processes, a holistic and initially agnostic approach integrating multiple omics 

levels and clinical outcome assessment for the identification of prognostic signatures is one of the 

most promising strategies for preventing and treating CKD 43.   

In our study, we classified our replicated candidates based on their potential directions with eGFR 

and UACR with and without genetic evidence support (Extended Data Fig.8a, Supplementary 

Table 33), and further provided their potential involvement in (several) T2DCKD pathological 

processes to elucidate biological pathways (Extended Data Fig.8b). Thus, a subgroup of molecular 

profiles indicating specific changes of kidney traits may represent a subgroup of susceptible high-

risk individuals for CKD development. For instance, the key omic candidate biomarkers in the 

group of eGFR→candi→eGFR with genetic evidence support were TNFRSF1SA and FSTL3, and 

the relevant processes in this group included T2DCKDinna, -mito, -fibri, -angi, -adipo, and -tyr. 
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Targeting molecular candidates in this group may have an effect on these six pathological 

processes and eGFR values. Moreover, our subgrouping of omic candidates is in line with a truly 

translatable biomarker discovery methodology, which should prioritize not only clinically evident 

stages of disease, but also on very early stages of disease when therapeutic interventions can still 

slow or stop disease progression.  

Reveal new underlying links from interplay. Our MOIN can shed light on how the candidate 

biomarkers were related to kidney traits. For instance, cg22872478 (LYSMD2) linked to urine 

albumin and protein EGFR, and protein NBL1 connected to CST3 in our network. These 

connections could be the potential paths linking these two of 11 potential novel candidates to CKD. 

Furthermore, our results agreed with previous reports in which 13 replicated acylcarnitines were 

increased in patients with CKD, DKD, or ESRD (Supplementary Table 5). But how acylcarnitines 

contribute to CKD and its complications remains uncertain. Our MOIN retained all 13 

acylcarnitines (Extended Data Fig.4), eight of which were associated with CKD biomarkers CST3, 

creatinine, urine albumin, or EGFR. It suggested that these four biomarkers could act as mediators 

between the eight acylcarnitines and their associated kidney traits. Our DMMION (Fig.2c, 

Extended Data Fig.6) confirmed this suggestion by categorizing the eight acylcarnitines into 

several groups based on their mediators. Additionally, a randomized clinical trial found that 

carnitine can lower serum CST3 levels 45.  C2, C3, C16, C18, and C18:1 positively correlate with 

serum CST3 46.  Another example given, CTSH was included in four T2DCKD subnetworks, 

namely T2DCKDinna, -ras, -tyr, and -angi. CTSH can stimulate angiogenesis 47, the toll-like 

receptor 3 signaling pathway 48, and renin 49. In our previous study, PC aa C38:0 predicted incident 

CKD in hyperglycemia 7. Notably, CTSH was not only strongly associated with PC aa C38:0 in 

our MOIN, but also acted as a mediator between PC aa C38:0 and follow-up eGFRcr values in our 

DMMOIN, suggesting that CTSH may be a component of the pathway by which PC aa C38:0 

exerts its nephrogenic effects.  

Deep mechanism exploration of potential causal links. Our DMMOIN could deduce potential 

causal links from multi-omics pairs. We conducted mechanism exploration on several pairs of the 

network to show this capability. For instance, out of six mediating tests, two directions were 

suggested as best for the mediating triangle of protein IL19, RNA SLC22A4, and CKD (Extended 

Data Fig.9a).  RNA SLC22A4 mediated 54.1% effect of protein IL19-to-CKD and 55.2% effect of 

CKD-to-protein IL19. The underlying mechanism of IL19→SLC22A4→CKD could be that low 

levels of IL19 (found in CKD patients in our data) could increase IL1B levels, which could 

increase SLC22A4 expression (consistent with our findings) 50. Increased SLC22A4 gene 

expression may also be a result of metabolic acidosis, a common phenotype in CKD 51. CKD may 

also increase SLC22A4 expression. However, SLC22A4 activity is decreased in CKD patients and 

at acidic pH 52,53.  SLC22A4 is a transporter for ergothioneine. High expression but low activity of 

SLC22A4 may result in low ergothioneine levels, which are associated with increased proteinuria, 

high BUN levels, low GFR, and expanded mesangial matrix 54. Each is a CKD phenotype or its 

progression. Additionally, CKD may also cause ergothioneine deficiency 55. Interestingly, urine 

albumin mediated the effect of RNA SLC22A4 on UACR (Extended Data Fig.6), but only in the 



91 

direction of UACR as outcome in our data. This evidence supported the hypothesis that 

IL19→IL1B→SLC22A4→ergothioneine→increased risk of proteinuria/ higher blood urea 

nitrogen levels/ decreased GFR values.  For the direction of CKD→SLC22A4→IL19, it may be 

explained by the possibility that CKD could increase SLC22A4 expression, which would affect 

T2D activity and, in turn, IL19 levels (Extended Data Fig. 9b, Supplementary Table 34).  

Another example is Tyr, which was potentially causal to eGFR by 2SMR (Fig.4b). We also 

discovered that proteins IGFBP2, ACY1, and SPOCK2 mediated Tyr's effects on follow-up eGFR 

values in our data (Extended Data Fig. 9c). The possible mechanism regarding IGFBP2 mediating 

Tyr and eGFR could be explained as followed (Extended Data Fig.9e).  A: It has been reported 

that higher levels of Tyr increase L-DOPA levels 56, which can result in decreased IGFBP2 levels 
57. In analogy, this suggests that in a reverse situation, i.e., low levels of Tyr can induce high levels 

of IGFBP2, resulting in a decline in GFR values 58. B: CKD causes low Tyr levels 59 and a 

disturbed protein metabolism is observed in patients with CKD 60. Low Tyr levels may result in a 

lower protein synthesis rate, comparable to a protein restriction state, causing elevated IGFBP2 

levels resulting in lower GFR values 60,61.  Both pathways support our findings that IGFBP2 

mediated between Tyr and follow-up eGFR values, as well as the reverse associations between 

Tyr and IGFBP2, IGFBP2 and follow-up eGFR values, respectively.  

Cut-off omics levels and dominant candidate markers of multi-omics prediction. Our multi-

omics prediction results indicated that adding GPS, candidate proteins, and metabolites to the 

reference predictors improved predictive performance for future CKD in hyperglycemia. In 

contrast, this improvement was consistent for GPS but limited for candidate proteins or metabolites 

when they were added to ref4 (i.e., seven predictors), which indicated the superior discriminatory 

ability of this predictor set that we previously suggested7 for future CKD in hyperglycemia and 

followed the concept of a best combination of predictors. Instead of trying to find the best 

combination of multi-omics predictors, here, we summarized the dominant omics molecules based 

on whether they exhibited extra predictive values of future CKD in the extended hyperglycemic 

population in addition to various reference predictors, e.g., C5, GHR and PC aa C38:0 were the 

dominant predictive markers on top of reference predictors including baseline eGFR and UACR. 

Moreover, we discovered that GPSeGFR improved predictive performance on future CKD in 

hyperglycemia on top of all four reference sets, notably CKDcrcc, and that this improvement was 

consistent and independent of baseline eGFR and UACR values, suggesting that it may contribute 

to more personalized prediction of future CKD in hyperglycemia.  

Limitation. While our study provides a wealth of molecular data, it has several limitations that 

necessitate further investigation. First, the extensive analyses of multi-omics molecules in 

hyperglycemia relied on candidate biomarkers identified from cross-sectional association studies 

(EWAS, TWAS, PWAS, and MWAS). Because our discovery study only included 1401 

individuals with prediabetes and T2D and the incomplete profiling of multi-omics data, it is 

possible that some omics molecules with true signals were missed. Similarly, limited data of 751 

hyperglycemic patients were used for the prediction part, additional longitudinal studies with 
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larger sample sizes and more complete measurements of multi-omics profiles are required to 

corroborate our conclusions. Second, in all replication studies for candidate biomarkers, except 

one (KORA FF4 for replicating metabolites), the replication analyses of candidate biomarkers and 

CKD were conducted on the general population, with CKD defined solely by eGFR values. 

Candidates specific to UACR signals and hyperglycemia may not be replicated. So, we combined 

both published and replicated candidates in some sections of our analyses. Third, because there 

were multiple omics techniques for profiling omic molecules, each type of analyte class had 

platform-specific errors. Furthermore, statistical power is one common limitation for MR studies 
16. We used both sets of genetic instruments as well as three kidney traits, and consistently observed 

that protein CST3 was associated with CKD and negatively associated with eGFR values. The 

insufficient power (only one genetic instrument was available in the two sets) and the fact that the 

eGFR values were derived from creatinine, which did not include information from cystatin C 

measurements, may be the causes of the borderline significance of MR results of CST3. The 

number of putative causal relationships of eGFR-to-candidate was much larger than the one of 

candidate-to-eGFR from our 2SMR results, which may be because the sample size for the study 

of genetic instruments for eGFR was over half a million, whereas the sample size for the studies 

of genetic instruments for proteins or metabolites was only a few thousand individuals. We used 

stringent criteria to select MR instruments and a recent advanced MR approach that was robust to 

pleiotropy, conducted outlier-corrected analyses in cases of potential assumption violation, and 

reported associations of FDR significance and consistency with observational estimates. However, 

inference of causality should still be explained cautiously due to several limitations of MR validity 
16,62. Finally, our KORA study was observational with a baseline and two follow-ups, so there was 

approximately 6.5-year gap between visits, indicating that unknown confounding factors might 

have influenced the findings of omics molecules and kidney traits at different time points, despite 

adjusted for 12 confounding variables covering various aspects (e.g., physiological factor, lifestyle, 

clinical measurements, and medication usage).  

Conclusion. Our findings demonstrate a complex omic landscape in the development and 

progression of CKD in individuals with prediabetes or T2D. Additionally, we show how omic 

molecules associated with CKD exhibit distinct properties in relation to the complex processes of 

hyperglycemia-related CKD. These deep multi-omics measurements allow us to investigate the 

early and specific signs of CKD development in hyperglycemia, enabling more effective 

prevention and treatment of CKD in the context of integrated personalized diabetes management.  
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Online methods 

Study participants and design   

Study design. We investigated the longitudinal cohort KORA survey 4 (S4) and its two 

follow-ups, conducted in the area of Augsburg, Southern Germany. Baseline S4 study 

involved 4,261 individuals (aged 25–74 years) examined between 1999 and 2001. The 

first follow-up (F4) consisted of 3,080 individuals (aged 32–81 years) examined between 

2006 and 2008. In the second follow-up (FF4), 2,269 participants were examined from 

2013 to 2014 9.  All study participants gave written informed consent. The KORA study 

was approved by the ethics committee of the Bavarian Medical Association, Munich, 

Germany.  

Because multi-omics profiles (i.e. epigenetics, transcriptomics, proteomics, and 

metabolomics) were measured with blood samples collected in the F4 survey, we 

identified candidate multi-omics biomarkers for CKD in hyperglycemic F4 participants 

and constructed GPS of eGFR values in the whole F4 population. The identified omics 

candidates of CKD were replicated in the KORA F3, KORA FF4, QBB, and QMDiab 

studies, and the constructed GPS of eGFR values was replicated in the UKBB and KORA 

S4 (non-overlapping individuals compared to those used for constructing GPS) studies, 

respectively. External replication was used in the KORA F3, QBB, QMDiab, and UKBB 

studies, whereas internal validation was used in the KORA S4 and FF4 studies.  

Study participants. Exclusion criteria for KORA F4 participants used to identify 

candidate biomarkers of CKD in hyperglycemia included the following: 1) withdrawal of 

participation agreement (n = 3); 2) missing eGFR or UACR values (n = 36); 3) diagnosis 

of type 1 diabetes (n = 8), unclear type of diabetes mellitus (n = 75), or drug-induced 

diabetes (n = 1); 4) individuals with NGT (n = 1,556). The remaining dataset included 

1,401 hyperglycemic participants, 968, 677, 518, and 1,378 of whom had QC-passed 

measurements of epigenetics, transcriptomics, proteomics, and metabolomics, 

respectively, and served as a discovery dataset to identify candidate biomarkers of CKD. 

The NGT participants were used for sensitivity analysis of the identified candidate 

biomarkers. Unless otherwise specified, the subsequent analyses involving the identified 

candidate biomarkers in KORA S4/F4/FF4 were conducted in a hyperglycemic setting.  

The longitudinal analysis for F4→FF4 was conducted in F4 hyperglycemic individuals 

who had QC-passed omics profiles and available FF4 kidney traits measurements. In the 

case of incident CKD, 751 hyperglycemic individuals were available, including 558, 277, 

441 and 744 individuals with QC-passed epigenetic, transcriptomic, proteomic, and 

metabolomic data, respectively. For the S4→F4 analysis, we used the same exclusion 

criteria as the ones in F4, resulting in 841 hyperglycemic individuals, of whom 448, 488, 

209 and 572 individuals had QC-passed measurements of epigenetics, transcriptomics, 

proteomics, and metabolomics, respectively.  

Among 2,916 KORA F4 individuals with genetic data, 159 were excluded due to 

relatedness or missing eGFR values, leaving 2,757 individuals for use in constructing the 

GPS of eGFR. Except for the construction and replication of GPS and the analysis of 
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eGFR ~ GPSeGFR + age + sex + PC1-4, where PC1-4 is the first four principal components 

of the genotyping data, all other analyses involving GPS were conducted in 

hyperglycemic individuals as stated above.  

Definition of hyperglycemia and kidney traits 

Hyperglycemia. Individuals with hyperglycemia and NGT were classified according to 

fasting and two-hour post load glucose (2-h glucose) values and HbA1C using the ADA 

diagnostic criteria 63. The hyperglycemic group comprised participants with pre-diabetes 

and newly diagnosed T2D (i.e., fasting glucose ≥ 100 mg/dl or 2-h-glucose ≥ 140 mg/dl 

or HbA1C ≥ 5.7%), as well as known T2D that was diagnosed by physician validated 

self-reporting and/or current use of anti-diabetes agents 9. 

Definition of kidney traits. The eGFR was calculated from serum creatinine (mg/dl) and 

cystatin-C (mg/dl, IDMS and IFCC standardized values) using the Chronic Kidney 

Disease Epidemiology Collaboration (CKD-EPI) equation 64. CKD was defined as an 

eGFR < 60 ml/min/1.73 m2 or a UACR ≥ 30 mg/g 65. Incident cases of CKD consisted 

of participants that were non-CKD at F4 but had reduced kidney function (eGFR < 60 

ml/min/1.73 m2) and/or kidney damage (UACR ≥ 30 mg/g) at FF4.   

Other definitions of eGFR and CKD were used in part of the study's analyses and were 

denoted by symbols, including CKDcrcc (eGFR-based CKD defined as eGFR < 60 

ml/min/1.73 m2) 65, and eGFRcr (eGFR was calculated from serum creatinine, mg/dL, 

IDMS standardized values) using the CKD-EPI equation 64. Therefore, incident cases of 

CKDcrcc consisted of participants who were non-CKDcrcc at F4 but had reduced kidney 

function (eGFR < 60 ml/min/1.73 m2) at FF4. 

Since kidney traits were available from three time points (S4/F4/FF4) in the KORA 

cohort and multi-omics profiles were measured with blood samples collected at the F4 

survey, incident CKD, follow-up eGFR, eGFRcr, UACR values were only defined in the 

analysis of F4-to-FF4 in this study. The value of the follow-up kidney trait was 

interchangeable with the value of kidney trait FF4. The time point of the kidney trait was 

indicated, e.g. eGFR S4 meant eGFR values from S4. If not indicated, it meant the kidney 

trait was measured in F4. 

Omics profiling and data normalization 

Genotype. The Affymetrix Axiom Array was used to genotyping KORA S4/F4 

individuals, of whom 2,916 had visit in F4. After thorough QC, 541,422 autosomal SNPs 

were used for imputation. Shapeit v2 was used to infer the haplotypes. 

The imputation was completed using Minimac3 on the Michigan Imputation Server with 

the 1000G phase 3 reference panel. Exclusion criteria of SNPs or individuals were: 1) 

SNPs with minor allele frequency (MAF) < 0.02 or Hardy-Weinberg equilibrium (HWE) 

P < 5e-10 or missing genotype data (geno > 0.01); 2) individuals with high rates of 

genotype missingness (mind > 0.01) or individuals with high or low heterozygosity rates 

or individuals with relatedness > 0.125. Finally, there were 8,170,777 SNPs and 2,770 

individuals in KORA F4 that passed QC and were used in building GPS of eGFR.   
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Epigenetics. The DNA methylation levels were measured with Illumina 

HumanMethylation450 BeadChip array as previously described 66. Data preprocessing of 

methylation data was carried out in accordance with the CPACOR pipeline 67, and R 

package minfi 68 was used for background correction. If the detection P value was ≥ 0.01 

or the number of beads was ≤ 3, probes were set to NA. Samples were excluded if the 

detection rate was <0.95. Quantile normalization (QN) and beta-mixture quantile 

normalization (BMIQ) pipelines were performed for normalization. The CpG methylation 

proportion was reported as a ß-value, which was a continuous variable ranging from 0 to 

1. CpG sites with ß-values ≥ mean ± 5 × standard deviation (SD) were identified as 

outliers and replaced as NA. CpG sites on the sex chromosome or with missing rate > 10% 

were excluded. There were 461,767 CpG sites and 1,727 individuals passed QC. The 

remaining methylation data were further processed to account for technical effects and 

cell type confounding: beta values of each CpG site were adjusted for 30 principal 

components from control probes and white blood cell proportion estimates (6 Houseman 

variables), and the remaining residuals of beta values were used in the subsequent analysis.   

Additionally, the CpGs with SNPs in the probe-binding sequence were checked and 

flagged for the identified candidate CpGs based on CpG-SNP pairs where any of the 

sources indicated that the SNP had a MAF ≥ 0.05 in Europeans from Illumina 69, 1000G 

phase 3 70, KORA F4 Affymetrix Axiom data (data not shown), and  Chen et al. 2013 71 

(based on 1000G).  Cross-specific probes were checked and flagged for the identified 

candidate CpGs as well from two previously published lists: Chen et al. 2013 71 and Price 

et al. 2013 72.  

Transcriptomics. Gene expression levels were determined using the Illumina HumanHT-

12 v3 Expression BeadChip 73. Expression data were log2-transformed and QN using the 

Bioconductor package lumi.  Samples with fewer than 6000 detected genes or with an 

RNA integrity number (RIN) < 7 or that did not cluster according to their gender were 

excluded from further analysis.  RNAs with QC comments for probe mapping not marked 

as “Good” provided by the manufacturer (Illumina) were excluded.  RNA values ≥ mean 

±5×SD were identified as outliers and replaced as NA, and 0.05% of NA data points were 

imputed with the k-nearest neighbors algorithm (KNN). There were 28,962 RNAs and 

976 individuals passed QC. The residuals of RNA values after adjusting storage time, 

RIN values and amplification plate to remove potential technical effects were used in the 

subsequent analysis.   

Proteomics. The proteomics data were measured with SOMAscan Assay.  Details of the 

SOMAscan platform have been described elsewhere 74,75. One thousand individuals in 

KORA F4 had SOMAscan protein measurements for 1,129 protein SOMAmer probes.  

Thirty-four probes and one individual were identified as unqualified and excluded based 

on the SOMAscan QC.  Probe values ≥ mean ± 5×SD were identified as outliers and 

replaced as NA, and 0.3% of NA data points were imputed with KNN. There were 1,095 

probes and 999 individuals passed QC.  

Metabolomics. The serum samples from participants in the KORA F4 study were 

measured using AbsoluteIDQTM p150 kit (BIOCRATES Life Sciences AG, Innsbruck, 
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Austria) 76. In total, 3,061 serum samples of the F4 study were quantified for 163 

metabolites in 38 randomly distributed kit plates. The QC and adjustment of plate effects 

of metabolites were described previously 7.  Metabolites values ≥ mean ± 5×SD were 

identified as outliers and replaced as NA, and 0.09 % of the data points were imputed 

with KNN. In particular, non-fasting samples were excluded for the analysis of metabolite 

data. Briefly, there were 125 metabolites and 3,027 individuals kept.  

Furthermore, the values of proteins and metabolites were natural-log transformed. For 

comparability purpose, the values of CpG sites, RNAs, proteins, and metabolites were 

scaled to a mean value of 0 and a SD of 1 and were used in analysis if not indicated 

otherwise. 

Identification of multi-omics signatures of CKD in hyperglycemia, 

their replication, and associations with other kidney traits 

Preprocessing of clinical variables. The full model included the following covariates: 

age, sex, BMI, systolic BP, smoking status, triglycerides, total cholesterol, HDL 

cholesterol, FG, use of lipid-lowering, antihypertensive and anti-diabetic medication. One 

individual at KORA F4 had a measured UACR value as 9066.038 mg/g, which was 

deemed to be an extreme value and was replaced with the second maximum value using 

the winsorizing procedure. The values of UACR, FG, HbA1C, triglycerides, creatinine, 

CST3, and urine albumin were natural log-transformed prior to analysis due to their right-

skewed distribution. All numeric clinical variables were scaled to have a mean value of 0 

and a SD of 1 and were used in the subsequent analysis unless otherwise specified.  

Discovery. The discovery CKD - EWAS, TWAS, PWAS, and MWAS was performed, 

respectively, using the following logistic regression models:  CKD ~ (ß value) CpG / 

RNA / protein / metabolite + full model.  The top 20 significant CpG sites, top 20 RNAs, 

FDR significant proteins and metabolites consisted of the candidates’ set.    

We also investigated the associations of our identified candidate biomarkers with CKD 

in individuals with NGT of KORA F4 using logistic regression with the fully adjusted 

model except for anti-diabetic medication. Additionally, we conducted exhaustive 

literature research to cluster corresponding genes/proteins of candidates identified by 

EWAS, TWAS and PWAS, as well as candidate metabolites into distinct 

pathophysiology of T2D-related CKD.    

Replication. We replicated our identified candidate biomarkers in additional studies. In 

the KORA F3 study, we replicated CpG sites and RNAs; in the QBB and QMDiab studies, 

we replicated proteins; and in the KORA F3 and KORA FF4 studies, we replicated 

metabolites.  

Replication in KORA F3. The top 20 CpG sites, top 20 RNAs and FDR significant 

metabolites of CKD in hyperglycemia were replicated in KORA F3. In KORA F3, 481, 

376, and 375 individuals had epigenetic, transcriptomic, and metabolomic measurements, 

respectively.  
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The DNA methylation levels were measured with Illumina HumanMethylation450 

BeadChip, and the background correction was done with R package minfi 68. If the 

detection P value was ≥0.01 or the number of beads was ≤3, probes were set to NA. 

Samples were excluded if the detection rate was < 0.95. DNA methylation levels were 

normalized with QN + BMIQ pipeline. The effects of control probes and white blood 

cells at the CpG site were adjusted in the same way as described previously in KORA F4, 

and the white blood cell proportion estimates here were derived from Horvath variables. 

The transcriptomics data were measured using Illumina HumanWG-6 v2 expression 

BeadChip, and the expression data were log2-transformed and loess normalized. The 

AbsoluteIDQ p150 kit was used to measure the targeted metabolites of serum samples. 

CpG sites with beta values and RNA values >= mean ± 5×SD were identified as outliers 

and replaced as NA, which was then imputed with KNN, respectively. The plate effect of 

metabolites was addressed by including plate number as a covariate in the regression 

models, which are listed below, and metabolite concentrations were natural log 

transformed.  

HbA1C and triglycerides values were natural log transformed. The values of CpG sites, 

RNAs, proteins, and metabolites and all numeric clinical variables were scaled to a mean 

value of 0 and a SD of 1.  The eGFR was calculated from serum creatinine (mg/dl) (IDMS 

standardized values) using the CKD-EPI equation 64. CKD was defined as an eGFR < 60 

ml/min/1.73 m2 65. 

The set of covariates defined as full model2 included all of those in the full model except 

for FG that was replaced by HbA1C. Since only 13 CKD cases of 481 individuals had 

methylation measurements, the association between CpG candidates and CKD was 

estimated using nearest-neighbor propensity score matching in a case-control study 

design. Propensity scores were generated using a classification tree with CKD as the 

outcome and covariates from the full model2 except for BMI and smoking status (13 CKD 

cases contained NA for these two variables). After 1:4 propensity score matching, we 

used conditional logistic regression to investigate the association of candidate CpG sites 

with CKD. For candidate RNAs and metabolites, the following logistic regression models 

were used, respectively:  CKD ~ RNA + full model2, and CKD ~ metabolite + full model2 

+ plate number. 

Replication in KORA FF4. The identified candidate metabolites of CKD were replicated 

in hyperglycemic participants of FF4 as well.  Individuals with hyperglycemia and NGT 

were classified according to the same ADA diagnostic criteria as in F4. Among 2,218 

individuals who had metabolite measurements in FF4, after excluding non-fasting 

samples (n = 15), samples contained missing eGFR, UACR, or covariate values (n = 51), 

individuals with other or unclear types of diabetes (n = 64), and individuals with NGT (n 

= 940). The remaining dataset comprised of 1,148 hyperglycemic participants and was 

used in the replication analysis.  

The clinical variables were preprocessed in the same way as in the F4, except that no 

UACR values were treated as extreme values and replaced. Serum samples from 

participants in the FF4 study were measured with the AbsoluteIDQTM p180 Kit. The plate 

effect adjustment, outlier detection and processing, NA imputation, scaling of metabolite 
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concentrations, and definition of CKD were identical to those described previously in the 

F4 study. The following logistic regression models were used:  CKD ~ metabolite + full 

model. 

Replication in QBB and QMDiab. The QBB is a prospective, population-based cohort 

study that was established in 2012 11. The QMDiab is a cross-sectional case-control study 

that was conducted in 2012 at Hamad Medical Corporation's Dermatology Department. 

The SOMAscan platform was used to quantify protein measurements in both QBB and 

QMDiab studies. The CKD was defined as an eGFR < 60 ml/min/1.73 m2 65. The eGFR 

in QBB and QMDiab was calculated from serum creatinine (mg/dL) using the CKD-EPI 

equation 64. Additionally, there were clinical biochemistry eGFR values in the QMDiab 

study reported from the medical results. The CKD in QMDiab was defined as eGFR < 60 

ml/min/1.73 m2 that was calculated from serum creatinine or reported from clinical 

biochemistry. There were ten CKD cases in the QBB study while 2,915 individuals were 

non-CKD. In QMDiab, there were 19 CKD cases and 350 non-CKD individuals. The 

replication of candidate proteins in QBB and QMDiab used the following logistic 

regressions: CKD ~ protein + age + sex + BMI + study-specific covariates. The study-

specific covariates in QMDiab consisted of diabetes status, the first three principal 

components (PCs) of the genotyping data (genoPC1, genoPC2, and genoPC3) and the 

first three PCs of the proteomics data (somaPC1, somaPC2, and somaPC3). The protein 

values in QBB were inverse normal scaled and in QMDiab were natural-log and Z score 

transformed.  

Definition of extended replicated set. Candidate biomarkers of CKD identified by EWAS, 

TWAS, PWAS and MWAS were considered as replicated if they yielded P < 0.05 in 

replication studies and had the same direction of regression coefficients in replications as 

in the discovery.  If two replication studies were conducted on one candidate, candidates 

which met this criterion in either study were considered replicated.   

The union of replicated candidates and candidate biomarkers that were involved in eight 

T2DCKD subnetworks comprised of the extended replicated set. Notably, the replicated 

set and the extended replicated set had distinct purposes, with the former aiming to 

provide strengthened evidence such as causal support for candidates to become 

biomarkers and conclude on the potential novel ones based on our discovery, whereas the 

latter was primarily used to investigate the interplay of omic molecules and improve the 

understanding of the underlying mechanism. Therefore, the replicated set was used in the 

GPS and 2SMR analyses, while the extended replicated set was used in the multi-omics 

integration and prediction investigations.  

Associations between candidate biomarkers and other kidney traits. To ascertain the 

source of the signals from the candidates of CKD in hyperglycemia, we examined the 

associations between the extended replicated set with UACR and eGFR values, 

respectively. The following linear regression models were used: UACR / eGFR (F4/FF4) 

~ (ß value) CpG / RNA / protein / metabolite + full model. 

Among 751 hyperglycemic individuals who were included in the analysis while the 

outcome was incident CKD (F4-to-FF4), the following logistic regression models were 
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used for the candidates from the extended replicated set: incident CKD ~ (ß value) 

methylation / RNA / protein / metabolite + full model.  

Integration and causal mediation analysis of four-level omics 

signatures in hyperglycemia 

Multi-omics integration network (MOIN). To reveal potential novel connections among 

omics molecules and explore the potential underlying pathway, we performed a data 

driven approach with GGM to build a network with the extended replicated set (except 

for SOMAmer probe CST3), and three known biomarkers for CKD (CST3, creatinine 

and urine albumin), as well as two candidate metabolite biomarkers of incident CKD in 

hyperglycemia (SM C18:1 and PC aa C38:0) 7. Using these 101 molecules, a network 

was built with an optimal GGM by minimizing the (extended) Bayesian information 

criterion (EBIC) of unregularized GGM models 77 using “qgraph” R package with 

hyperglycemic individuals of KORA F4. Selecting unregularized GGMs according to 

EBIC has been shown to converge to the true model 78.  Briefly, the algorithm starts to 

run glasso to obtain 100 models, then refit all models without regularization and choose 

the best one according to EBIC. Each node in the network represents one omics molecule 

and each edge between two nodes reflected their partial relationship with considering the 

effects of all the other molecules in the network.  The residuals of the omics molecules 

after removing the effects of full model were used to build the GGM network.   

To further investigate the underlying relationship of molecules from different analyte 

classes, we filtered the network with edges that only connected nodes from different 

omics groups. CpGs, RNAs, proteins, metabolites, three known biomarkers were defined 

as distinct groups separately. MCL-cluster was further performed to the DMOIN to 

present different sub-clusters.  

Causal mediation analysis of multi-omics with three time points of kidney traits. To 

determine whether certain molecules are involved in the pathway by which other omics 

molecules exert their nephropathic effects, or in other directions, we conducted causal 

mediation analyses to determine the optimal direction in each mediating triangle 

(Supplementary Fig. 8).   

The mediation analyses consisted of three parts: 1) candidate & candidate & kidney traits: 

using 97 candidates from the extended replicated set; 2) candidate & known biomarkers 

& kidney traits: using 96 candidates (excluded SOMAmer probes CST3 from the 

extended replicated set) and three known biomarkers; 3) 2-mets & molecules & kidney 

traits: using two metabolites (SM C18:1 and PC aa C38:0) and other molecules  (i.e., 

three known biomarkers and the extended replicated set except for metabolites). All three 

parts mediation analyses were conducted separated with three time points of kidney traits 

(CKD, eGFR and UACR) (Supplementary Fig. 8). Note, here we only conducted the 

mediation’s exploration for omics molecules’ pairs that belonged to different omics 

groups in each part. Three known biomarkers were defined as one group. Three time 

points kidney traits included eGFR values S4 / F4 / FF4, UACR values F4 / FF4, CKDcrcc 

S4, CKD F4, and incident CKD (F4-to-FF4). In the part of 2-mets analysis, kidney traits 

also included eGFRcr values S4 / F4 / FF4 8.   
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Following the outline of Baron and Kenny79, the pairwise relationship of the compounds 

(independent variable X, mediator M and outcome Y) consisting one possible mediating 

triangle was firstly examined and eligibility criteria of one mediating triangle is that if  X, 

M and Y pairwise associated with each other. In detail, the spearman correlation 

coefficients were calculated for each pair of two omics molecules from different levels in 

each part using the values of residuals after removing the effects of the full model. The 

relationship between each of 102 molecules (i.e., 97 from extended replicated set, three 

known biomarkers and two metabolites) and each of eight kidney traits was examined, 

respectively. These included CKD (i.e., CKD F4 / incident CKD) ~ molecule + full model 

using logistic regression for F4/FF4, UACR / eGFR (i.e., eGFR / eGFRcr) ~ molecule + 

full model using linear regression for F4/FF4, and molecule ~ CKDcrcc / eGFR (i.e., 

eGFR or eGFRcr) + full model using linear regression for S4. The FDR was calculated 

per omics level per outcome within each part. Clinical variables CST3 and creatinine 

were not included in the investigation between UACR values and molecules, and urine 

albumin was excluded from the analysis between eGFR values and molecules, 

respectively. The significantly connected molecule pairs (FDR < 0.05) and their 

associated kidney trait (FDR < 0.05) were included into the mediation analyses to consist 

as one mediating triangle. In the case of CKD F4, those 97 candidates were regarded to 

be associated with CKD F4 as they were discovered from the relationships with CKD F4.  

After eligible mediating triangles were resulted, the mediating effect was evaluated with 

the non-parametric casual mediation analysis adjusted for the full model.  The mediation 

analysis was used a nonparametric causal mediation analysis using the R mediation 

package 80. The mediation analysis decomposes the total effect of exposure on the 

outcome into the 1) indirect effect through the mediator of interest and 2) direct effect or 

through a mediator other than the one in the study. The effect estimates of each 

association between X and Y in individuals with mediators were compared. The 

proportion of mediation effect was calculated as mediate effect dividing total effect (sum 

of direct effect and mediate effect) of the exposure. The P-value of mediation effect was 

calculated by bootstrapping with 1,000 resamples. 

In each mediating triangle, to test all possible directions to figure out its best potential 

direction, the bi-mediation analyses were conducted for kidney trait in the KORA S4 

(only used as X, e.g., kidney trait → omics1 → omics2) or FF4 (only used as Y, e.g., 

omics1 → omics2 → kidney trait) which was the longitudinal setting, while six mediation 

tests were performed for kidney trait in the KORA F4 which was cross-sectional setting 

(Supplementary Fig. 8).  

In the cross-sectional analysis (the kidney trait in F4), we further conducted the SEM to 

reveal the suitable position of the kidney trait in the mediating triangle since it contained 

six possibilities. We tested the same six models defined in mediation analyses for kidney 

trait in F4 (Supplementary Fig. 8). In short, for each possible causal system, the SEM 

method creates a hypothetical covariance structure of the model and compares this with 

the empirical covariance structure, and rejects the model if a lack of fit is found. In 

determining whether the model is an acceptable fit, we used the criteria, namely: (1) 

Goodness of fit test P ≥ 0.05; (2) 0.9 < Goodness of Fit Index ≤ 1; (3) Root Mean Square 
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Error Approximation ≤ 0.1. If multiple models fitted the data, a given model was regarded 

as "best fit" if its Akaike Information Criterion (AIC) was at least one unit smaller than 

the next smallest AIC, otherwise all fitted models were reported and participated in the 

next selection. All SEM analyses are run in R using the “sem” package. We ran the 

analysis for each triangle separately. The residuals after removing the effects of the full 

model of each omics molecule were used to run the SEM.   

To get the eligible mediation results, (1) the mediation results with mediating proportions 

outside the range of 0-100% were excluded; (2) in the case of kidney trait in KORA F4, 

the results were further filtered based on the results of SEM. The eligible mediation results 

were involved in the selection of the best direction (s).  In each mediating triangle, we 

used the same criteria to select its best direction, namely: (1) the lowest mediating P value 

and its FDR < 0.05; (2) 10% ≤ mediating proportion ≤ 100%. If multiple directions 

fulfilled the criteria, the direction was deemed “best mediation direction” if its mediating 

proportion was at least 20% larger than the next largest mediating proportion, otherwise 

all fitted directions were deemed as “best mediation direction”. The best mediation 

direction(s) in each mediating triangle was reported. 

The eligible mediation results were visualized as scatter plots separately from the type of 

kidney trait and its position in the mediating triangle for candidate & candidate & kidney 

trait and candidate & known biomarkers & kidney trait to present the overall pattern.  

Directed mediating multi-omics integration networks.  To inspect the direction of how 

nephropathic effects potentially go through in each connected edge of our DMOIN built 

with GGM, we mapped mediation results of the best direction(s) with it to generate the 

DMMOINs.  

Briefly, we mapped the results of best mediation direction(s) with the DMOIN for each 

time point (i.e., S4, F4 and FF4) and type of kidney trait (i.e., CKD, eGFR and UACR 

values) separately. If there were multiple mediating connections for the directed 

connected edges (i.e., for the case of the mediation part of 2-mets when the kidney traits 

were eGFR and eGFRcr), the result of maximum mediating proportion was selected. 

Among the overlapped part, if the mediation direction consisted of the results from both 

kidney trait in F4 (cross-sectional design) and in S4 / FF4 (longitudinal design), those in 

S4 or FF4 would be selected to present in the network based on the strength of the 

evidence. The DMMOINs were finally visualized separately based on the position of the 

kidney trait within the triangle (X, M and Y) and the type of kidney trait (CKD, eGFR 

and UACR).  

Genome-wide polygenic score of eGFR 

Quality control of effect size data of SNPs. The effect size estimates for SNPs on eGFR 

values were derived from the GWAS meta analysis results of 42 European ancestor 

studies 81 (N = 567,460). The result included effect size estimates of 8,885,712 SNPs for 

eGFR values. Since KORA F4 was included in this meta analysis, to avoid overfitting, 

we first excluded its effect from the result of the meta analysis and then recalculated the 

regression coefficient, standard error and P-value of each SNP for eGFR values. We 

secondly excluded SNPs with MAF < 0.01 or ambiguous SNPs. There were 6,722,832 
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SNPs passed quality control and contained corrected effect size estimates for eGFR 

values. 

Construction of GPSeGFR. To ensure independence, the overlapped SNPs from the effect 

size data and genotyping data of KORA F4 were further dealt with strand flipping, 

deletion of mismatching SNPs, and LD clumping (SNPs with LD r2 < 0.1 were kept). The 

GPS was constructed with adjusting age, sex, and the first four principal components 

(PC1-4) of the genotyping data. There were 2,757 of 2,770 individuals in the KORA F4 

study with available eGFR values, who were used to build GPS of eGFR. The GPS was 

constructed using an additive model with PRSice-2 82. Finally, our GPS of eGFR values 

was constructed with the effects of 162,818 SNPs.  Then, the GPSeGFR values were scaled 

to have a mean of 0 and a SD of 1 in the subsequent analysis unless indicated otherwise. 

Replication of GPSeGFR. We replicated our GPSeGFR in the UKBB and the KORA S4 

testing individuals (individuals who had genotyping and phenotype data from KORA S4 

but were not involved in the GPS development).  The GPS of eGFR values were 

calculated using the same 162,818 SNPs. 

Replication in UKBB. UK Biobank is a large-scale biomedical database and research 

resource that contains in-depth genetic and health information from half a million UK 

participants. Genome-wide genotyping was carried out using the UK Biobank Axiom 

Array. Around 850,000 variants were measured directly, while over 90 million variants 

were imputed using the Haplotype Reference Consortium and UK10K + 1000 Genomes 

reference panels. The eGFR was calculated from serum creatinine (mg/dl) and cystatin-

C (mg/dl) using the CKD-EPI equation 64. In a single visit, black ancestry was defined as 

any ancestry with an African or Caribbean component (UK Biobank codes 2001, 2002, 

4001,4002, 4003, 4). Since there were three visits in UKBB, the black ancestry used in 

this replication was defined as samples that consistently answered one of the above 

categories whenever they reported ancestry. Finally, the GPSeGFR in the UBKK was 

constructed with 463,814 individuals using the same 162,818 SNPs with the provided 

effect size.  

Replication in KORA S4 testing samples. KORA S4 contained 681 independent 

individuals with genotyping data and available eGFR values. They were different 

individuals from the 2,757 KORA F4 participants used to construct the GPS for eGFR, 

and thus can be used as validation data for our constructed GPS. One of the 681 

individuals contained an extreme eGFR value (510.52 ml/min/1.73 m2) and was excluded 

before the analysis. Subsequently, 680 individuals were used in this replication.  

Associations of GPSeGFR with eGFR. The GPSeGFR values in both replication studies were 

scaled to have a mean of 0 and a SD of 1. In each study, the association between eGFR 

and GPSeGFR was analyzed using linear regression as follows: eGFR ~ GPSeGFR + age + 

sex + PC1-4. The density distribution of GPSeGFR, the stratification plot, and the regression 

fitting plot between eGFR and GPSeGFR were plotted, respectively.  The eGFR values 

used in the relationship with GPS were on their original scale to show the direct 

relationship between GPS and eGFR.  

Associations of GPSeGFR with kidney traits in hyperglycemia. To investigate whether the 

associations between GPSeGFR and different kidney traits were consistent in 

hyperglycemic individuals, we used cross-sectional (F4) and longitudinal design 
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(F4→FF4) to analyse the associations between GPSeGFR and kidney traits (eGFR, 

CKDcrcc and CKD) using linear/logistic regressions adjusted for the full model in KORA 

F4 hyperglycemic individuals, respectively.  The stratification plot between eGFR and 

GPS in the hyperglycemic participants was plotted.  

Associations of GPSeGFR with replicated molecules and GPS’s tail effect in 

hyperglycemia. Additionally, we examined the associations between GPS and replicated 

candidates using linear regression models as (beta value) methylation / RNA / protein / 

metabolite ~ GPSeGFR + full model. To investigate whether there was a tail effect of 

GPSeGFR on its associated candidates, we stratified the hyperglycemic KORA F4 

population based on GPSeGFR deciles to plot their relationship.  Moreover, to investigate 

whether their associations exhibited a similar tail effect, the different effect sizes and 

significance levels at various percentiles of the GPSeGFR distribution for all GPS 

associated candidates with adjusting full model were compared, including 5th, 15th, 25th, 

35th and 45th percentiles and the full data set.   

Mediation between GPSeGFR, GPS associated molecules and kidney traits in 

hyperglycemia. To investigate whether GPS-associated candidates are part of the 

pathway by which GPS exerts its nephropathic effects, and kidney traits are a component 

of the pathway through which GPS connects to candidates. We conducted mediation 

analysis using three time points of kidney traits.  

Three time points kidney traits included eGFR values (S4 / F4 / FF4), CKDcrcc S4, CKD 

F4, incident CKD (F4-to-FF4). GPSeGFR (used only as causal X), each of its associated 

candidates and their associated kidney trait were constituted as one mediating triangle 

and then included in the mediation analyses. Each mediating triangle included the 

following testing direction(s):  

1) kidney trait in S4: GPS → kidney trait → candidate.  

2) kidney trait in F4: GPS → candidate → kidney trait and GPS → kidney trait → 

candidate.  

3) kidney trait in FF4: GPS → candidate → kidney trait.  

We used the same criteria as the one in the section on causal mediation analysis to 

determine the best direction for each mediating triangle, except that the lower limit of the 

mediating proportion here was set to 0%.  

Causality analysis with bi-directional 2SMR 

We performed causal inference using bi-directional 2SMR methods to evaluate the 

potential causality of replicated proteins/metabolites-to-kidney traits and kidney traits-to-

replicated proteins/metabolites. The kidney traits included CKD, eGFR and UACR values. 

Genetic instruments and data harmonization. To assess the effect of protein-to-kidney 

trait, we identified protein instruments (first set) from Sun et al. study 83 (N = 3,301) and 

Emilsson et al. study 84 (N = 5,457). To evaluate the effect of metabolite levels on kidney 

traits, we extracted the corresponding SNP-exposure estimates from Dramisa et al. study  

(N = 7,478) 85 and Lotta et al. study (N = 16,828) 86, respectively.  We extracted the 

corresponding SNP-outcome estimates from CKDGen meta-analysis 81,87.  We selected 

instruments for proteins and metabolites to have P < 1 × 10−6 and clumped them for LD 

to ensure independence (10,000 kb pairs apart, r2 <0.01).  We further eliminated SNPs 
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associated with more than one protein or metabolite, respectively.   There were available 

genetic instruments for 44 of 46 replicated proteins, and for 13 of 14 replicated 

metabolites, respectively.  

For the direction of kidney trait-to-protein, we identified CKD, eGFR and UACR 

instruments in the European population of CKDGen meta-analysis (N = 480,698 for CKD, 

N = 567,460 for eGFR, and N = 547,361 for UACR) 81,87 and extracted the corresponding 

SNP-outcome estimates from the Sun et al. study 83 and Suhre et al. study 88. To evaluate 

the effect of kidney trait-to-metabolite, we used SNP-outcome estimates from the 

Dramisa et al. study 85 and Shin et al. study 89(N = 7,824).  We selected CKD, eGFR and 

UACR instruments that had genome-wide significance (P < 5 × 10−8) and clumped them 

for LD (10,000 kb pairs apart, r2 <0.01), respectively. After clumping, there were 24 CKD, 

266 eGFR and 64 UACR instruments available.  We further eliminated SNPs with 

potential horizontal pleiotropy traits (e.g. BP, hypertension, T2D, cholesterol and BMI) 

in the GWAS catalog 90 and PhenoScanner 91. Moreover, SNPs associated with UACR 

related traits were eliminated while exposure was eGFR, and SNPs associated with eGFR 

related traits were eliminated while exposure was UACR, respectively. We downloaded 

all variant association results from the GWAS catalog (last access: 2021-06-08) and 

PhenoScanner (last access: 2021-06-10).  After these filtration steps and elimination of 

potentially horizontal pleiotropy SNPs, 17 CKD, 195 eGFR and 30 UACR instruments 

were used as genetic instruments.  

In the case that a specific instrument was not available in the outcome dataset, we used 

LD tagging (r2 >0.8) to locate proxy SNPs via “TwoSampleMR” R-package while 

outcome studies were available in IEU GWAS database or via LDlink using “LDlinkR” 

R-package while outcome studies were not available in IEU GWAS database 92. Before 

performing the MR analysis, the exposure and outcome data were harmonized by aligning 

the SNPs on the same effect allele for the exposure and outcome. In the case of 

palindromic SNPs, allele frequency information was used to infer the forward strand 

where possible. The ambiguous SNPs were excluded from the MR analysis.  

In summary, [8-16] CKD, [63-193] eGFR and [8-29] UACR instruments were used in 

MR analysis for kidney trait-to-protein.  In the case of kidney trait-to-metabolite, [9-12] 

CKD, [105-162] eGFR and [19-25] UACR instruments were available for MR analysis. 

For protein/metabolite-to-kidney trait, [1-14] protein instruments and [1-4] metabolite 

instruments were used, respectively. 

MR analyses and definitions of causality supported by MR. Our primary MR analysis 

method was RAPS because it is robust to systematic and idiosyncratic pleiotropy and 

provides unbiased estimates when there are many weak instruments 93. The heterogeneity 

of the SNP instruments was determined with Cochran's Q statistic of IVW and MR-Egger, 

and the horizontal pleiotropic effect of the involved SNPs was tested with the intercept 

of the MR-Egger and global test of MR-PRESSO 94. MR-PRESSO is a robust method to 

detect horizontal pleiotropy and outliers. If there was evidence of potential violations of 

heterogeneity or horizontal pleiotropy (P < 0.05), we conducted additional outliers-

corrected MR analyses to address the issues. We utilized IVW-radial 95 to detect outliers 

of potential heterogeneity and performed outliers-corrected MR analyses with IVW/Wald 
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ratio using SNPs after removing outliers or the top significant SNP when IVW-Radial 

was not applicable. Moreover, we applied MR-PRESSO to identify outliers of potential 

horizontal pleiotropy and used MR-PRESSO outliers-corrected to conduct MR analyses 

using SNPs after removing the pleiotropic instruments.  

Additionally, for the direction of protein-to-kidney trait, the protein instruments 

summarized from Zheng et al. study 17 were used as a second set of instruments, with 23 

of 46 replicated proteins containing suitable genetic instruments. The MR estimates were 

also analyzed with RAPS.  

MR-supported causal was defined as either one:  

1) RAPS FDR < 0.05, and no evidence of heterogeneity and horizontal pleiotropy; 2) 

FDR < 0.05 of outliers-corrected analyses when there was indication of heterogeneity and 

horizontal pleiotropy;  

3) In the case of protein-to-kidney for the second set of instruments, RAPS FDR < 0.05, 

and significance of RAPS of the first set of instruments if instruments from the first set 

were available.  

Finally, we compared the MR (RAPS, and outliers-corrected analyses when available) 

and observational estimates for all proteins and metabolites identified as MR-supported 

causal in either direction in the MR analysis.  

To further investigate how these MR-supported causal proteins and metabolites connect 

to kidney traits, e.g., whether any potential mediators were revealed from our data, we 

presented their best direction(s) of mediation results from DMMOINs if available based 

on candidate → kidney trait and kidney trait → candidate, respectively.  

All MR analyses were conducted using R packages: MendelianRandomization 96, 

TwoSampleMR  97, RadialMR 95, mr.raps 93 and LDlinkR 98.  

Pathway analysis  

Eight T2DCKD subnetworks.  

The pathogenesis of T2DCKD is a rather complex process. To figure out the potential 

roles of our candidates in different pathological processes of T2DCKD and benefit for 

personalized medicine, we have clustered the genes/proteins of our candidate 

CpGs/RNAs/proteins and candidate metabolites into eight subnetworks. The interaction 

networks were built by manual curation and literature mining using the CIDeR database 
10 and the resulting graphs were edited with the yED software (yWorks GmbH, Tübingen, 

Germany). Nodes in the networks were analysed for physical and regulatory interactions 

and association with CKD. Information about all interactions between network objects 

was obtained by reading and manual annotation of experimental findings from relevant 

publications, primarily peer-reviewed "small-scale experiment" literature. Details of the 

interactions as well as respective literature references are available in Supplemental 

Tables 7-14. 

Potential relevant molecular pathways from multi-omics. We used the DMMOIN to 

inspect potential causal links from multi-omics molecules and the potential mediators for 

MR supported causal candidates. The underlying pathway analysis for these potential 
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causal links was explored with CIDeR database as well. The example of 

IL19&SLC22A4&CKD and Tyr&IGFBP2&eGFR were given in discussion. 

Prediction of incident CKD in hyperglycemia with multi-omics  

Multi-omics prediction. To identify the dominant molecules and optimal cut-off number 

of omics levels used in the prediction of incident CKD in hyperglycemia, we performed 

100 runs by bootstrapping individuals to evaluate predictive performance of various 

combinations of omics levels using GPSeGFR and 97 candidates of the extended replicated 

set (62 proteins, 14 metabolites, 7 CpGs and 14 RNAs). Their predictive performance 

was evaluated using AUC. To assess the robustness of the improvement,  we defined four 

sets of reference predictors, ref1 included age and sex; ref2 included variables from the 

full model; ref3 included age, sex, eGFR and UACR 18; ref4 included age, FG, total 

cholesterol, SM C18:1, PC aa C38:0, eGFR and UACR 7. We tested the following 

combinations: 1) two levels (ref + one level of omics: ref_GPS, ref_CpGs, ref_RNAs, 

ref_Proteins and ref_Metabolites); 2) three levels (ref + two levels of omics: 

ref_GPS_CpGs, ref_GPS_RNAs, ref_GPS_Proteins and ref_GPS_Metabolites); 3) four 

levels (ref + three levels of omics: ref_GPS_Proteins_Metabolites and 

ref_GPS_CpGs_Metabolites); 4) five levels (ref + four levels of omics: ref_GPS_CpGs_ 

Proteins_Metabolites).  

In the longitudinal analysis for F4→FF4, among 751 hyperglycemic individuals, there 

were 558 individuals with methylation data measurement. The missing values of the CpG 

sites in the extended replicated set of these 558 individuals were imputed with KNN and 

used in the prediction part.  

Due to the incomplete sample size of different omics levels, we used bootstrapping to 

define training data and testing data. Among 751 individuals, after bootstrapping 

(replacement selection), the samples randomly selected (in bag) were used as training 

data, and the samples not selected (out of bag) were used as testing data. The numeric 

variables in the training data were scaled to a mean value of 0 and SD of 1, and the 

numeric variables in the testing data were scaled using the mean and SD value of the 

corresponding variable in the training data to avoid data leakage. We used the priority-

Lasso 99 to select predictors for combinations that included candidates from the extended 

replicated set. When the reference sets were ref1, ref2 and ref3, SM C18:1 and PC aa C38:0 

were also included in the predictor selection process.   

To determine the optimal number of omics levels for prediction and to account for the 

influence of available sample size in each combination, we built predictive models with 

random forest (RF) by increasing the number of omics levels used in each combination.  

For example, when we selected predictors from the combination of 

ref_GPS_proteins_metabolites, the non-missing records of training data of these variables 

were used as corresponding training data, the non-missing records of testing data of these 

variables were used as corresponding testing data. As for the block order in priority-Lasso, 

ref + GPS was defined as block 1 and was forced into the model (not penalized), while 

the order of blocks (2 and 3) of proteins and metabolites was defined by cross-validation. 

The number of maximal coefficients in each block except block 1 was set to 5. The 
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penalization parameters λ in each block except block 1 were determined by maximizing 

AUC estimated in a 10-fold cross-validation.  The selected proteins and/or metabolites 

together with ref + GPS were used to develop prediction models with RF. Under the 

combination of ref _GPS _proteins _metabolites, the respective RF models for 1) ref, 2) 

ref + GPS, 3) ref + GPS + selected proteins, 4) ref + GPS + selected metabolites, and 5) 

ref + GPS + selected proteins + selected metabolites were built.  In this way, five 

prediction models were built using training dataset for this combination.  The AUC values 

of respective models were computed for the testing data only.   

RF models were fitted with the “randomForest” R-package, which implements Breiman’s 

classic algorithm 100. The two RF parameters, nTree (i.e., the number of trees to grow for 

each forest) and mTry (i.e., the number of input variables randomly chosen at each split), 

were set to 600 and the default setting (floor of square root of the number of features), 

respectively.  

In total, we performed 100 runs of bootstrapping, i.e., the procedure described above was 

randomly repeated 100 times.  The AUC values of RF models with identical omics 

numbers (ref, ref + GPS, ref + GPS + 1omics, etc) in each omics combination for each 

reference set were averaged and presented.  

Identification of dominant molecules. To identify the dominant molecules of candidate 

proteins and metabolites for predicting incident CKD in hyperglycemia on top of various 

reference predictors, and to determine whether their predictive ability is independent of 

baseline eGFR and UACR values, we calculated the percentage of each candidate (protein 

or metabolite) that was selected as one of the top five dominant features from different 

combinations (i.e., ref_Proteins, ref_Metabolites, ref_GPS_Proteins, and 

ref_GPS_Metabolites and ref_GPS_Proteins_Metabolites) in all four ref sets. The 

objective here was different from that of mediation analysis, which sought to identify 

correlated molecules that were potentially involved in the same pathway to aid in 

biological understanding. By contrast, the former was searching for uncorrelated 

molecules but potentially interactive with one another to benefit the prediction of the 

outcome, which aided in personalized prediction. Additionally, the selected times and 

mean coefficients of priority-Lasso of the top five selected predictors for each 

combination for each reference set were presented. 

GPSeGFR for incident CKDcrcc. We investigated the improvement of GPSeGFR on top of 

reference sets for incident CKDcrcc in hyperglycemia. Briefly, the model building and 

AUC values calculation were as above. The boxplots of AUC values of the 100 runs for 

ref and ref + GPS in each reference set were presented.   

Subgroup of CKD patients in hyperglycemia 

We classified KORA F4 CKD patients with hyperglycemia using various combinations 

of variables (biomarkers, candidates and GPS) with uniform manifold approximation and 

projection (UMAP), and identified three distinct groups of CKD patients with three 

potential novel proteins. The number of CKD patients used for classification depends on 

the complete cases of the variables used. After classifying the groups, we explored their 

distinct patterns.  
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This study compared three potential novel proteins, numeric variables in the full model, 

serum LDL cholesterol, diastolic BP, 2-h glucose, HbA1C, uric acid, creatinine, CST3, 

urine albumin, urine creatinine, eGFR, UACR values and candidates involved in eight 

T2DCKD processes among the generated classified groups. Variables with normal 

distribution were tested with the ANOVA and those with skewed distribution (HbA1C, 

FG, triglyceride, creatinine, CST3, urine albumin, urine creatinine and UACR) were 

tested with the Kruskal-Wallis test. Pairwise comparison of numeric variables among 

groups was done by the Tukey’s test for variables with normal distribution and the Dunn's 

test for variables with skewed distribution, respectively. The mean levels (scale values) 

of candidates in each classified group were visualized with heatmap, and the presented 

candidates were significant ones among groups from three potential novel proteins and 

candidates of eight T2DCKD processes. 

The categorical variables (gender, prediabetes or T2D, eGFR based CKD, UACR based 

CKD, eGFR categories, UACR categories, CKD risk,  eGFR decline > 30%, UACR 

increase > 30%, use of anti-hypertensive, ARBs, ACEIs, ARBs or ACEIs, anti-diabetic 

and lipid-lowering medication) were compared between groups using Pearson’s chi-

squared test or Fisher’s exact test (when any theoretical frequency was less than one). 

The Cochran–Armitage test for trend was also applied if a variable with two categories 

and another ordinal variable with k categories, respectively.  

Data and resource availability 

The project agreement for this study was granted under K027/19g. The informed consent 

given by KORA study participants does not cover data posting in public databases. 

However, data are available upon request through the KORA-PASST (Project application 

self-service tool, www.helmholtz-muenchen.de/kora-gen) by means of a project 

agreement subject to approval by the KORA Board. 
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Leg󠆷ends of Fig󠆷ure  

 

Figure 1. Multi-omics signature associations with CKD, eGFR and 

UACR values in hyperglycemia 

a-d, volcano plots of 4-level omics associations (P < 0.05) with CKD in hyperglycemic 

individuals of KORA F4. Odds ratios and P-values were from logistic regression analysis adjusted 

for full model (incl. age, sex, BMI, systolic BP, smoking status, triglyceride, total cholesterol, 

HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic 

medication). The dashed lines represent FDR-corrected significance levels at 5%. Points with 

triangle shape represent replicated in additional study while those with circle shape represent not 

replicated.  

e, venn plot of candidates used in T2D-related CKD subnetworks, replicated candidates, and FDR 

significant (FDR < 0.05) candidates from extended replicated set with eGFR (F4 or FF4) or 

UACR (F4 or FF4) values in hyperglycemic individuals of KORA F4. Extended replicated set 

was the union of candidates used in T2D-related CKD subnetworks and replicated candidates. 

f, heatmap of regression coefficients for 97 omics molecules from extended replicated set with 

eGFR F4, follow-up eGFR, UACR F4, follow-up UACR, CKD F4 and incident CKD in 

hyperglycemic individuals of KORA F4. Regression coefficients were from linear regression 

analysis for eGFR and UACR values and from logistic regression analysis for CKD, which were 

all adjusted for full model.  

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, 

urinary albumin-to-creatinine ratio; EWAS, TWAS, PWAS and MWAS, epigenome-, 

transcriptome-, proteome- and metabolome-wide association studies. 

 

Figure 2. Interplay of four-level multi-omics molecules in 

hyperglycemia 

a, DMOIN after clustering by the Markov Cluster Algorithm was presented. MOIN constructed 

with residuals of 96 candidates (extended replicated set except for SOMAmer probe CST3), three 

known biomarkers (CST3, creatinine, and urine albumin), and two metabolites (SM C18:1 and 

PC aa C38:0) using GGM, and then retained the edges connecting omics molecules belonging to 

different omics groups (i.e., GpGs, RNAs, Proteins, Metabolites, eGFRbiom and UACRbiom) 

and their corresponding nodes to get DMOIN. The residuals of omics molecules were calculated 

using linear regression models adjusted for full model (incl. age, sex, BMI, systolic BP, smoking 

status, triglyceride, total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, 

antihypertensive and anti-diabetic medication).  

B, Scatter plots of mediation results of candidates and omic molecules (candidates and three 

known biomarkers) and eGFR values, in which each point represent the result of one mediation 

analysis. Each mediation analysis was adjusted for full model. Direction represents the omics type 

of one candidate to the omics type of another candidate within each triangle of mediation analysis. 

In the case of known biomarkers were involved, the color of points represents the position of one 

of three known biomarkers within each mediating triangle. The bigger size of points represents 

the direction was selected as best direction within the mediating triangle it comes from. The 

dashed lines represent FDR-corrected significance levels at 5%. 
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c, DMMOIN of eGFR (as Y), which is an overlapping network of DMOIN (a) and best mediation 

direction(s) of mediation results (b) and Supplementary Table 19 when eGFR was identified or 

treated as outcome in mediating triangle. Each edge represents one best mediation direction, e.g., 

B2M→CST3 represents B2M→CST3→eGFR. The width of the edge represents the mediation 

proportion in the corresponding mediation analysis.  

In a, c, the color of the edge represents the weight of the correlation between two nodes calculated 

by GGM and the color of the node represents the omics group of the node.  

Abbreviations: GGM, Gaussian graphical modeling; MOIN, multi-omics integration network; 

DMOIN, different levels of multi-omics integration network; DMMOIN, directed mediating 

multi-omics networks; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-

creatinine ratio; mito, T2DCKDmito subnetwork; adipo, T2DCKDadipo subnetwork; age, 

T2DCKDage subnetwork; angi, T2DCKDangi subnetwork; inna, T2DCKDinna subnetwork; ras, 

T2DCKDras subnetwork; tyr, T2DCKDtyr subnetwork; fibri, T2DCKDfibri subnetwork; EWAS, 

TWAS, PWAS, MWAS, epigenome-, transcriptome-, proteome-, and metabolome-wide 

association studies; candi, candidate. 

 

Figure 3. GPSeGFR in UKBB replication and hyperglycemic KORA F4 

individuals, and its association and mediation with kidney traits and 

candidate biomarkers.  

a, Density plot of GPSeGFR in UKBB. 

b, Stratification plots of GPSeGFR decile and eGFR values in hyperglycemic population of KORA 

F4. 

c, Forest plot of regression coefficients with 95% CI and P-values of GPSeGFR with eGFR values 

(current and follow-up), ORs with 95% CI and P-values of GPSeGFR with CKD (prevalent and 

incident) and eGFR-based CKD (prevalent and incident) in hyperglycemic population of KORA 

F4 is shown, respectively. Regression coefficients were from linear regression models for eGFR 

values and ORs were from logistic regression models for CKD, which all adjusted for full model 

(incl. age, sex, BMI, systolic BP, smoking status, triglyceride, total cholesterol, HDL cholesterol, 

fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication).  

d, Volcano plot of associations between replicated candidates and GPSeGFR in hyperglycemic 

individuals of KORA F4 is shown. Regression coefficients and P-values were from linear 

regression models adjusted for full models. The dashed lines represent FDR-corrected 

significance levels at 5%. 

e, Scale values of candidate protein JAM2 in stratification of the KORA F4 hyperglycemic 

individuals according to GPSeGFR deciles. The centers are the mean scale values of JAM2 and the 

error bar are the 95% confidence intervals.   

f, Regression coefficients with 95% CI of  GPSeGFR to candidate protein JAM2 in full 

multivariable linear regression model using different percentile of sample size of hyperglycemic 

individuals of KORA F4 are shown, respectively. The centers represent the regression coefficients, 

while the error bars represent the 95% confidence intervals. Extreme GPSeGFR is a strong risk 

factor for decreasing JAM2 levels in hyperglycemic individuals of KORA F4. The effect from 

linear regression model of GPSeGFR on JAM2 is over fivefold in the extreme 5% of the sample 

when compared to the full data.  
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g, Scatter plots of mediation proportion (%) and sign of mediate & direct FDR significance of 

mediation results (average mediate effect FDR < 0.05) of each mediating triangle in a full adjusted 

nonparametric causal mediation analysis are shown, respectively.  The triangle was composed of 

GPSeGFR, GPSeGFR  associated candidate and kidney trait (eGFR values or CKD). The shape of the 

point represents the type of mediator (i.e., kidney trait or candidate) in the corresponding triangle. 

When kidney traits in KORA F4, candidate and kidney trait were used as potential mediator in 

each mediation analysis, respectively, and the best mediation result of them was shown.    

Abbreviations: GPSeGFR, genome-wide polygenic score of eGFR values; CKD, chronic kidney 

disease; eGFR, estimated glomerular filtration rate; CKDcrcc, eGFR-based CKD that was defined 

as eGFR < 60 ml/min/1.73 m2; UKBB, UK biobank. 

 

Figure 4. Two-sample MR evidence is suggestive of relationships 

between kidney traits (i.e., CKD, eGFR, UACR) and candidates (i.e., 

proteins and metabolites) in both directions.  

a,b, Scatter plots of  results of bi-directional two sample MR of replicated proteins and 

metabolites and kidney traits (i.e., CKD, eGFR, UACR), respectively. The dashed lines represent 

FDR-corrected significance levels at 5%. 

Abbreviations: MR, Mendelian randomization; CKD, chronic kidney disease; CKDcrcc, CKD 

was defined by eGFR < 60 ml/min/1.73 m2; eGFR, estimated glomerular filtration rate; UACR, 

urinary albumin-to-creatinine ratio; IVW, inverse variance weighted; RAPS, robust adjusted 

profile score; MR-PRESSO, MR pleiotropy residual sum and outlier.  Zh, genetic instruments of 

proteins selected from Zheng et al. 17.  

 

Figure 5. Multi-omics prediction of incident CKD in hyperglycemic 

individuals of KORA F4. 

a, Mean AUC values of predictive models built by ref1 and ref1 + GPS/one omics within each two 

levels of omics combination for ref1 over 100 times bootstrapping.   

b, Mean AUC values of predictive models built by different levels of omics predictors within 

each omics combination for each reference set over 100 times bootstrapping.   

In a-b, omics predictors (metabolites, proteins, RNAs, or CpGs) were selected by priority lasso 

in the corresponding omics combination for each reference set in each round in the training data. 

Within each omics combination, the set of selected and reference predictors were used to develop 

respective prediction models according to the increment of numbers of levels of omics predictors, 

e.g., if the omics combination selected predictors from five omics levels,  the prediction models 

using predictors of ref, ref + GPS, ref + GPS + 1omics, ref + GPS + 2omics, ref + GPS + 3omics 

were built accordingly using training data, respectively.  The AUC values were computed for the 

test data only. The mean AUC values of each predictive model of 100 times bootstrapping for 

each combination within each reference set were displayed in the plot. The mean values of 

samples size of training and testing data over 100 times bootstrapping are presented, e.g., 680 + 

251 in two levels for ref1 represent 680 is mean values of training samples size and 251 is mean 

values of testing samples size. 
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c, The percentage of proteins and metabolites that were selected as the top five dominant features 

from combination of ref_Proteins, ref_Metabolites, ref_GPS_Proteins, ref_GPS_Metabolites, and 

ref_GPS_Proteins_Metabolites in four reference sets.  The percentage was calculated as the 

number of selecting as the top five dominant features dividing the number of participating 

selection for each candidate. 

d, Boxplots of AUC values of predictive models built by ref, and ref + GPS in four reference sets 

for incident CKDcrcc in hyperglycemia over 100 times bootstrapping, respectively. The AUC 

values were computed for the test data. 

ref1: baseline age, sex;  ref2: baseline age, sex, BMI, systolic BP, smoking status, triglyceride, 

total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive 

and anti-diabetic medication; ref3: baseline age, sex, eGFR and UACR; ref4 included age, FG, 

total cholesterol, SM C18:1, PC aa C38:0, eGFR and UACR. 

Abbreviations: AUC, area under the receiver operating characteristic curve; GPS, genome wide 

polygenic score of eGFR values; CKD, chronic kidney disease; eGFR, estimated glomerular 

filtration rate; UACR, urinary albumin-to-creatinine ratio; CKDcrcc, eGFR-based CKD that was 

defined as eGFR < 60 ml/min/1.73 m2.  

 

Figure 6. Three potential novel biomarkers subgroup CKD patients 

with hyperglycemia and the unique pattern exploration in each group. 

a, Scatter plot showed KORA F4 CKD patients with hyperglycemia were clustered into three 

groups based on the first and second components of UMAP using three potential novel proteins. 

g1: N = 22; g2: N = 14; g3: N = 23. 

b, Boxplots of values of three potential novel proteins, eGFR, natural log-transformed of UACR 

and uric acid across three groups of KORA F4 CKD patients with hyperglycemia.  

c, Barcharts of percentage(s) of male, taking anti-hypertensive, ARBs or ACEIs medication, 

eGFR categories, UACR categories, eGFR decline > 30% and UACR increase > 30% in each 

group, respectively. 

d, Heatmap of mean levels (scale value) of candidates in each subgroup was showed, and the 

presented candidates were the significant ones among three groups, which were from three 

potential novel proteins and 87 candidates used in eight processes. +, the relative average levels 

of the candidate in this group over 1.5 times of the relative average levels of this candidate of 

three groups; -, the relative average levels of this candidate of three groups over 1.5 times of the 

relative average levels of the candidate in this group. The candidates marked with + / - were 

indicated as dominant candidates for this group. 

e, The relative percentage of involved processes of the dominant candidates for each group. 

Relative % of one process = the number of dominant candidates involved in the specific process 

/ the number of dominant candidates in this group. 

The values of clinical variables here were not scaled and the values of candidates here were scaled. 

Abbreviations: ARBs, taking angiotensin 2 receptor blockers; ACEIs, taking angiotensin-

converting enzyme inhibitors; eGFRcla, eGFR categories; UACRcla, UACR categories; CKD, 

chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-

creatinine ratio; mito, T2DCKDmito subnetwork; adipo, T2DCKDadipo subnetwork; age, 
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T2DCKDage subnetwork; angi, T2DCKDangi subnetwork; inna, T2DCKDinna subnetwork; ras, 

T2DCKDras subnetwork; tyr, T2DCKDtyr subnetwork; fibri, T2DCKDfibri subnetwork. 
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Extended Data 

 

Extended Data Fig. 1. Study overview. 
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Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, 

urinary albumin-to-creatinine ratio; GPS, genome-wide polygenic score; UKBB, UK biobank; 

2SMR, two-sample Mendelian randomization; QBB, Qatar Biobank study; QMDiab, Qatar 

Metabolomics Study on Diabetes; T2DCKD, T2D related CKD; Cr, cross-sectional association; 

Long, longitudinal association; mito, T2DCKDmito subnetwork; adipo, T2DCKDadipo 

subnetwork; age, T2DCKDage subnetwork; angi, T2DCKDangi subnetwork; inna, T2DCKDinna 

subnetwork; ras, T2DCKDras subnetwork; tyr, T2DCKDtyr subnetwork; fibri, T2DCKDfibri 

subnetwork; DMOIN, different levels of multi-omics integration network; DMMOIN, directed 

mediating multi-omics networks.  

 

 

Extended Data Fig. 2. T2DCKDtyr subnetwork  

Tyr-related T2DCKD activity network, which was built by literature research.  

Abbreviations: T2DCKD, T2D related CKD; CKD, chronic kidney disease. 
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Extended Data Fig. 3. Protein EGFR associated with eGFR and UACR 

values and incident CKD associated candidates in KORA F4 

hyperglycemic individuals. 

a, scatter plots of protein EGFR (scale value) with scale values of eGFR F4, follow-up eGFR, 

UACR F4, follow-up UACR, respectively.  The regression fitted lines were shown and the 

corresponding slopes were calculated with adjusting for the full model (incl. age, sex, BMI, 

systolic BP, smoking status, triglyceride, total cholesterol, HDL cholesterol, fasting glucose, use 

of lipid lowering drugs, antihypertensive and anti-diabetic medication).   

b, volcano plot of omics molecules from extended replicated set with incident CKD in 

hyperglycemic individuals of KORA F4. Regression coefficients were from logistic regression 

analysis for incident CKD, which were adjusted for the full model. The dashed line represents 

FDR-corrected significance level (5%). FDR of each omics molecule was calculated within each 

omics level. 

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, 

urinary albumin-to-creatinine ratio. 
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Extended Data Fig. 4. Multi-omics integration network 

Multi-omics integration network built with residuals of 96 candidates (extended replicated set 

except for SOMAmer probe CST3), three known biomarkers (CST3, creatinine, and urine 

albumin), and two metabolites (SM C18:1 and PC aa C38:0) using GGM. The residuals of omics 

molecules were calculated with linear regression models adjusted for the full model (i.e., age, sex, 

BMI, systolic BP, smoking status, triglyceride, total cholesterol, HDL cholesterol, fasting glucose, 

use of lipid-lowering drugs, antihypertensive and anti-diabetic medication). The color of the edge 

represents the weight of the correlation between two nodes and the color of the node represents 

the omics group of the node.  

Abbreviations: GGM, Gaussian graphical modeling; eGFR, estimated glomerular filtration rate; 

UACR, urinary albumin-to-creatinine ratio. 
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Extended Data Fig. 5. Candidate proteins and three known biomarkers 

identified as main mediators. 

a, Scatter plots of mediation results of candidates and candidates and kidney traits (as X or Y). 

Direction represents the direction of the omics types of the corresponding two candidates in the 

mediating triangle. 

b, Scatter plots of mediation results of candidates and three known biomarkers (CST3, creatinine 

and urine albumin) and kidney traits (as X or Y). The colors of the points represent the position 

of the known biomarker in the triangle of mediation analysis. 

c, Scatter plots of mediation results of candidate → eGFR → candidate. Direction represents the 

direction of the omics types of the corresponding two candidates in the mediating triangle. 

d, Scatter plots of mediation results of candi → kidney trait → known and known → kidney trait 

→ candi. Known biomarkers include CST3, creatinine and urine albumin.  
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Each point represents the result of one mediation analysis. Each mediation analysis was adjusted 

full model (i.e., age, sex, BMI, systolic BP, smoking status, triglyceride, total cholesterol, HDL 

cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic 

medication). Kidney traits include CKD, eGFR and UACR. The bigger size of points represents 

the direction was selected as best direction in the mediating triangle it belongs to.  X, M, Y 

represent independent variable, mediator and outcome in the mediating triangle: X → M → Y, 

respectively. The dashed lines represent FDR-corrected significance levels at 5%. 

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, 

urinary albumin-to-creatinine ratio; candi, candidate. 
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Extended Data Fig. 6. Directed mediating multi-omics networks 

DMMOINs are overlapped networks of DMOIN (Fig. 2a) and best mediation direction(s) of 

mediation results (Supplementary Tables 17-19) separating for each kidney trait and the position 

of kidney trait in the mediating triangle. Each edge represents one best mediation direction, e.g., 

B2M→CST3 when kidney trait was eGFR and the position of kidney trait was X in mediating 

triangle, it represents eGFR→CST3→B2M.  

The width of the edge represents the mediation proportion in each mediation analysis. The color 

of the edge represents the weight of the correlation between two nodes calculated by GGM and 

the color of the node represents the omics group of the node.  

Abbreviations: GGM, Gaussian graphical modeling; DMMOIN, directed mediating multi-omics 

integration networks; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; 
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UACR, urinary albumin-to-creatinine ratio; EWAS, TWAS, PWAS and MWAS, epigenome-, 

transcriptome-, proteome- and metabolome-wide association studies. 

 

 

Extended Data Fig. 7. Genome-wide polygenic score of eGFR values in 

discovery KORA F4 cohort and KORA S4 testing samples.  

a, Distribution of GPSeGFR in KORA F4 general population. eGFR values in stratification of the 

KORA F4 individuals according to GPSeGFR deciles. Scatter plots of GPSeGFR and eGFR values in 

general population of KORA F4.  The slope of regression fitted line was calculated with adjusting 

for age, sex, and the first four principal components of genetic data.   

b, Distribution of GPSeGFR in KORA S4 testing samples. Stratification plot of GPSeGFR decile and 

eGFR values in KORA S4 testing samples. Scatter plots of GPSeGFR and eGFR values in KORA 

S4 testing samples. The slope of regression fitted line was calculated with adjusting for age, sex, 

and the first four principal components of genetic data.   

Abbreviations: GPS, genome-wide polygenic score of eGFR values; eGFR, estimated 

glomerular filtration rate. 
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Extended Data Fig. 8. Characteristics of replicated multi-omics 

candidates of CKD with hyperglycemia according to eGFR and/or 

UACR values-based evidence. 

a, Diagram depicting the subdivision of 64 replicated candidates based on different supporting 

evidence with eGFR and/ or UACR values. 

b, The key omics candidates, potential novel candidates identified from our study, and processes 

involved in eight subnetworks in each group are presented. Green and purple colors denote groups 

defined by genetic evidence support with eGFR and/or UACR from 2SMR or GPS, and 

associations (i.e., cross-sectional and longitudinal) with eGFR and/or UACR from the KORA 

study, respectively. Candidates that were annotated to the most T2DCKD processes were defined 
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as the key omics candidates in each group. If there were no candidates annotated to eight processes 

in a group, the omics candidates in this group were shown in the cell of "key omics." 

* MMP1: MMP1 was potentially causal with CKD by 2SMR, but no causal relationship was 

supported for eGFR or UACR.  

Abbreviations: 2SMR, two-sample Mendelian randomization; GPS, genome wide polygenic 

score of eGFR values; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; 

UACR, urinary albumin-to-creatinine ratio; ov: candidates in this group may overlap with other 

groups in case of two directions; uni: candidates in this group were unique with other groups in 

case of one direction; Cr, cross-sectional association; Long, longitudinal association; mito, 

T2DCKDmito process; adipo, T2DCKDadipo process; age, T2DCKDage process; angi, 

T2DCKDangi process; inna, T2DCKDinna process; ras, T2DCKDras process; tyr, T2DCKDtyr 

process; fibri, T2DCKDfibri process; T2DCKD, T2D related CKD. 
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Extended Data Fig. 9. Potential relevant molecular pathways revealed 

from multi-omics molecules: examples given. 

a, Mediation results between SLC22A4, IL19 and CKD F4. 

b, Pathway exploration of IL19→ SLC22A4→CKD and CKD→ SLC22A4→ IL19.  

c, Hierarchical plot of overlapped DMMOINs and candidates that were MR-supported causal 

to kidney trait.  
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d, Hierarchical plot of overlapped DMMOINs and candidates that were suggested MR-

supported causal from kidney trait. 

In c and d, the edges within each mediating triangle are presented. Only one edge will be 

presented if there are multiple edges linking two nodes from different mediating triangles. 

The color of edges represents the direction of KORA observational association between two 

nodes.  

e, Pathway exploration of Tyr→ IGFBP2→GFR. 

Abbreviations: GGM, Gaussian graphical modeling; DMMOIN, directed mediating multi-

omics networks; MR, Mendelian randomization; CKD, chronic kidney disease; CKDcrcc, CKD 

was defined by eGFR < 60 ml/min/1.73 m2; eGFR, estimated glomerular filtration rate; TWAS, 

PWAS and MWAS, transcriptome-, proteome- and metabolome-wide association studies. 
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SUPPLEMENTAL MATERIAL   

 

Full Title: Multi-omics landscape of chronic kidney disease in individuals with prediabetes or type 2 diabetes: from 

associations towards precision medicine  

 

Supplementary Tables 

 

Supplementary Table 1. Characteristics of the discovery study participants    

KORA F4 hyperglycemic participants used for EWAS, TWAS, PWAS and MWAS were classified according to their CKD status, respectively. KORA F4 participants used for 

building GPS of eGFR are shown. Mean ± standard deviation or median [25th–75th percentile] is provided for quantitative variables if not indicated otherwise. Unless indicated, 

P-values express the difference between CKD cases and non-CKD controls and were calculated by univariate logistic regression. P-values shown in bold represent statistical 

significance at 0.05 level. 

Abbreviations: CKD, chronic kidney disease; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 2-h glucose, two hour post load 

glucose; BP, blood pressure; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio; EWAS, TWAS, PWAS, MWAS, epigenome-, transcriptome-

, proteome-, and metabolome-wide association studies; GPS, genome-wide polygenic score.  
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Supplementary Table 2. CKD - EWAS results in hyperglycemic individuals of KORA: top 20 CpGs and their replication 

ORs with 95% CI, P-values of top 20 CpGs with prevalent CKD in discovery study of hyperglycemic individuals of KORA F4 and the replication study of KORA F3 are shown, 

respectively. In the discovery study, ORs and P-values were from logistic regression analysis adjusted for age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total 

cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication. 

Abbreviations: CKD, chronic kidney disease; ORs, odds ratios; T2DCKDmito, T2D-related CKD subnetwork of mitochondrial dysfunction; angi, T2D-related CKD subnetwork 

of angiogenesis; fibri, T2D-related CKD subnetwork of extracellular matrix deposition and renal fibrosis; inna, T2D-related CKD subnetwork of innate immune response; adipo, 

T2D-related CKD subnetwork of adipokine influence. 

 

 

General population of KORA F4

Clinical.variables Genotyping

CKD Non-CKD p-value CKD Non-CKD p-value CKD Non-CKD p-value CKD Non-CKD p-value

Sample Size (n) 166 802 206 471 59 459 282 1096 2757

Age, years 67.95 ± 7.2 62.68 ± 8.37 1.373E-12 73.55 ± 5.33 69.79 ± 4.89 4.718E-16 65.42 ± 7.25 60.91 ± 7.51 3.361E-05 69.71 ± 9.86 60.75 ± 10.95 1.245E-28 56.3 ± 13.22

Sex, male, % 60.24 54.86 2.046E-01 52.43 52.65 9.566E-01 61.02 54.25 3.263E-01 54.26 56.66 4.679E-01 48.1

BMI, kg/m2 30.85 ± 5.39 29.29 ± 4.72 2.404E-04 30.31 ± 4.94 29.28 ± 4.42 8.016E-03 30.66 ± 5.44 29.08 ± 4.72 2.056E-02 30.31 ± 5.25 29.12 ± 4.73 3.234E-04 27.58 ± 4.82

HbA1c (%) 6.24 ± 1.12 5.81 ± 0.57 9.844E-10 6.14 ± 0.94 5.87 ± 0.64 5.816E-05 6.2 ± 1.21 5.77 ± 0.5 4.654E-05 6.14 ± 0.99 5.79 ± 0.58 2.188E-11 5.55 ± 0.62

Fasting glucose, mg/dl 120.25 ± 33.16 106.76 ± 19.7 3.503E-09 116.78 ± 31.31 108.39 ± 22.1 2.321E-04 118.98 ± 32.1 106.2 ± 17.25 3.075E-05 116.22 ± 31.17 106.38 ± 19.62 3.673E-09 98.34 ± 19.63

2-h glucose, mg/dl 143.7 ± 56.68 134.81 ± 41.72 5.198E-02 145.05 ± 52.09 139.89 ± 42.1 2.400E-01 135.1 ± 50.33 134.08 ± 42.16 8.856E-01 141.11 ± 51.33 132.66 ± 42.55 1.436E-02 112.25 ± 39.19

Systolic BP, mmHg 132.4 ± 24.26 128.29 ± 17.49 1.092E-02 131.04 ± 25.3 129.95 ± 17.47 5.173E-01 130.27 ± 22.56 127.35 ± 17.86 2.533E-01 130.19 ± 23.12 127.58 ± 17.33 3.698E-02 122.21 ± 18.38

Diastolic BP, mmHg 75.43 ± 11.9 76.94 ± 9.9 8.561E-02 72.39 ± 11.42 74.74 ± 9.52 5.939E-03 76.08 ± 11.58 77.42 ± 9.53 3.224E-01 73.58 ± 11.46 76.95 ± 9.91 1.256E-06 75.06 ± 9.91

Triglyceride, mg/dl 146 [99.25 - 204] 122 [89 - 176] 2.169E-01 129.5 [92 - 182.5] 117 [88 - 161] 2.206E-01 135 [96 - 194.5] 120 [87 - 179] 7.512E-01 128.5 [94.25 - 185.5] 121 [87 - 171] 6.986E-01 104 [72 - 150]

Total cholesterol, mg/dl 213.24 ± 43.57 223.08 ± 40.21 4.976E-03 213.53 ± 42.5 221.72 ± 40.53 1.804E-02 210.03 ± 34.62 223.15 ± 40.87 1.904E-02 211.71 ± 42.69 220.86 ± 40.04 8.075E-04 216.02 ± 39.71

HDL cholesterol, mg/dl 50.17 ± 13.07 53.93 ± 13.77 1.399E-03 51.35 ± 12.96 54.58 ± 13.84 4.925E-03 49.63 ± 12.79 54.41 ± 14.3 1.531E-02 50.64 ± 13.1 53.16 ± 13.75 5.951E-03 56.05 ± 14.47

LDL cholesterol, mg/dl 133.42 ± 35.98 142.26 ± 36.18 4.389E-03 133.75 ± 34.56 140.79 ± 35.26 1.695E-02 133.88 ± 29.04 141.68 ± 36.31 1.135E-01 133.24 ± 34.82 141.57 ± 35.55 4.769E-04 135.99 ± 34.9

eGFR, mL/min/1.73 m² 65.7 ± 21.26 87.06 ± 13.36 2.216E-33 60.77 ± 16.88 80.77 ± 11.57 2.387E-33 69.21 ± 21.17 88.5 ± 13.1 1.210E-14 65.8 ± 20.09 88.41 ± 14.21 2.135E-54 90.36 ± 18.31

Follow-up eGFR, mL/min/1.73 m 56.66 ± 21.52 76.32 ± 16.2 1.744E-20 a 52.79 ± 17.82 69.12 ± 14.59 2.008E-14 a 57.13 ± 21.54 77.64 ± 15.43 5.622E-18 a 58.26 ± 21.73 78.82 ± 16.91 1.152E-28 a 83.26 ± 18.39

UACR, mg/g 38.66 [12.44 - 79.27] 6.02 [3.91 - 10.71] 1.163E-29 38.64 [12.71 - 88.43] 7.1 [4.38 - 12.07] 2.831E-25 36.31 [9.57 - 69.35] 5.63 [3.85 - 9.14] 1.872E-14 40.61 [13.91 - 79.89] 6.02 [3.87 - 10.54] 3.265E-49 5.98 [3.67 - 11.84]

Follow-up UACR, mg/g 23.45 [8.52 - 132.35] 5.74 [3.68 - 10.68] 4.800E-31 a 23.54 [9 - 150.46] 6.17 [3.87 - 13.19] 3.477E-18 a 23.51 [8.52 - 113.92] 5.68 [3.62 - 10.64] 6.711E-22 a 25.57 [9.75 - 131.98] 5.45 [3.36 - 9.92] 1.841E-46 a 4.85 [3.14 - 9.37]

Smoking, % 7.111E-01 3.974E-01 8.475E-01 5.717E-01 0.15

Non-smoker 39.16 42.52 Ref. 45.15 50.32 Ref. 38.98 42.7 Ref. 40.43 42.34 Ref. 41.28

Former smoker 48.19 45.01 4.111E-01 48.06 42.89 1.995E-01 47.46 43.79 5.659E-01 46.81 43.89 4.407E-01 40.88

Current smoker 12.65 12.47 7.253E-01 5.83 6.79 8.997E-01 13.56 13.51 8.275E-01 12.06 13.78 6.873E-01 17.7

Medication usage, %

Lipid-lowering 32.53 18.95 1.044E-04 27.67 25.48 5.041E-01 30.51 15.9 6.630E-03 27.3 17.52 1.947E-04 12.84

Antihypertensive 76.51 44.64 1.172E-12 79.61 56.05 7.460E-09 77.97 39.22 2.171E-07 74.11 41.79 1.055E-20 31.08

Anti-diabetic 28.31 9.85 6.380E-10 22.33 12.74 1.481E-03 25.42 8.06 8.149E-05 23.05 8.58 4.851E-11 5.8

Data are means  ± SD for quantitative variables or median [25th–75th percentile] unless otherwise indicated. Hyperglycemic participants of KORA  F4 were

classified according to their CKD status. P-values were calculated by univariate logistic regression if not indicated otherwise.  a. P-values calculated

with linear regression as the follow-up clinical variable as outcome and CKD as independent variable. 

Hyperglycemic individuals of KORA F4 (N = 1401)

EWAS TWAS PWAS MWAS
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Supplementary Table 3. CKD - TWAS results in hyperglycemic individuals of KORA: top 20 RNAs and their replication 

ORs with 95% CI, P-values of top 20 RNAs with prevalent CKD in discovery study of hyperglycemic individuals of KORA F4 and the replication study of KORA F3 are shown, 

respectively. In the discovery study, ORs and P-values were from logistic regression analysis adjusted for age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total 

cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication. 

Abbreviations: CKD, chronic kidney disease; ORs, odds ratios; T2DCKDmito, T2D-related CKD subnetwork of mitochondrial dysfunction; T2DCKDadipo, T2D-related CKD 

subnetwork of adipokine influence; T2DCKDangi, T2D-related CKD subnetwork of angiogenesis; T2DCKDinna, T2D-related CKD subnetwork of innate immune response; 

T2DCKDras, T2D-related CKD subnetwork of renin-angiotensin system dysfunction; T2DCKDtyr, T2D-related CKD subnetwork of Tyr; T2DCKDfibri, T2D-related CKD sub-

network of extracellular matrix deposition and renal fibrosis. 

Note of CpGs with SNPs in the 

probe-binding sequence And 

cross-specific probes

OR OR 95% CI  (L) OR  95% CI 

(U)

p -value OR OR 95% CI 

(L)

OR  95% CI 

(U)

p -value

1 cg22872478 LYSMD2 0 66 0 55 0 78 3.386E-06 0 49 0 24 0 99 4.748E-02 yes no yes

2 cg12650490 LYL1 1 58 1 30 1 92 3.544E-06 T2DCKDangi 0 8 0 47 1 38 4 291E-01 no - yes

3 cg12837173 MEG9 0 65 0 54 0 78 5.413E-06 1 11 0 55 2 24 7 734E-01 no - no

4 cg04070692 TUBGCP2 0 64 0 53 0 78 8.060E-06 1 21 0 66 2 22 5 436E-01 no - no

5 cg11072723 ERP29 0 69 0 58 0 81 1.085E-05 0 76 0 36 1 62 4 801E-01 no - no

6 cg06655560 ZDHHC16 1 54 1 27 1 86 1.174E-05 1 0 51 1 97 9 973E-01 no - no

7 cg26796069 MAF1 0 68 0 57 0 80 1.189E-05 1 05 0 55 2 01 8 790E-01 no - no

8 cg15604682 ALKBH4C  with SNPs in the probe-binding seq 1 53 1 26 1 85 1.435E-05 0 74 0 42 1 3 2 928E-01 no - no

9 cg02599385 TLN2 0 71 0 60 0 83 1.535E-05 T2DCKDfibri 1 0 54 1 82 9 876E-01 no - yes

10 cg23314866 NAPA 0 66 0 54 0 79 1.541E-05 T2DCKDmito 0 12 0 02 0 53 5.782E-03 yes no yes

11 cg18524934 NEURL3 0 68 0 57 0 81 1.571E-05 T2DCKDinna 0 88 0 44 1 79 7 297E-01 no - yes

12 cg03498175 ACSL1 1 76 1 38 2 31 1.676E-05 T2DCKDadipo,-mito 0 89 0 49 1 6 6 901E-01 no - yes

13 cg19719475 UBE2E1 0 67 0 56 0 81 1.782E-05 0 72 0 41 1 27 2 597E-01 no - no

14 cg20923676 ALS2CR8 cross specific probe 1 56 1 28 1 93 1.981E-05 0 88 0 52 1 48 6 243E-01 no - no

15 cg07546360 LOC400931 0 65 0 53 0 79 2.052E-05 1 0 55 1 81 9 976E-01 no - no

16 cg03251287 NR1H2 0 35 0 21 0 55 2.081E-05 1 1 0 5 2 41 8 197E-01 no - no

17 cg04766136 CCDC39 1 44 1 22 1 71 2.107E-05 T2DCKDmito 0 95 0 5 1 78 8 623E-01 no - yes

18 cg04671476 MGAT1 0 67 0 56 0 81 2.402E-05 1 39 0 6 3 23 4 474E-01 no - no

19 cg19497517 PLEC1 0 66 0 54 0 80 2.404E-05 1 38 0 73 2 61 3 205E-01 no - no

20 cg04022194 HTRA3 1 53 1 26 1 86 2.427E-05 1 42 0 81 2 49 2 235E-01 no - no

cg IDRank potential involed 

processes of T2D-

related CKD

Discovery cohort : KORA F4 Replication cohort : KORA F3 (general population) Reported 

associations with 

CKD or related 

kidney traits for 

replicated 

candidates

Extended 

replicated set

ReplicatedUCSC 

Ref/Nearest 

Gene
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Supplementary Table 4. CKD - PWAS identified 63 proteins in hyperglycemic individuals of KORA and their replication 

ORs with 95% CI, P-values and FDR of 63 proteins (FDR < 0.05) with prevalent CKD in discovery study of hyperglycemic individuals of KORA F4, and regression coefficients, 

standard error and P-values of 63 proteins with prevalent CKD in replication studies of QBB and QMDiab are shown, respectively.  In the discovery study, ORs and P-values were 

from logistic regression analysis adjusted for age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total cholesterol, HDL cholesterol, fasting glucose, use of lipid 

lowering drugs, antihypertensive and anti-diabetic medication. 

Abbreviations: CKD, chronic kidney disease; ORs, odds ratios; T2DCKDmito, T2D-related CKD subnetwork of mitochondrial dysfunction; T2DCKDadipo, T2D-related CKD 

subnetwork of adipokine influence; T2DCKDage, T2D-related CKD subnetwork of advanced glycation end products; T2DCKDangi, T2D-related CKD subnetwork of angiogene-

sis; T2DCKDinna, T2D-related CKD subnetwork of innate immune response; T2DCKDras, T2D-related CKD subnetwork of renin-angiotensin system dysfunction; T2DCKDtyr, 

T2D-related CKD subnetwork of Tyr; T2DCKDfibri, T2D-related CKD subnetwork of extracellular matrix deposition and renal fibrosis. 

OR OR 95% 

CI  (L)

OR  95% 

CI  (U)

p -value OR OR 95% 

CI  (L)

OR  95% CI  (U) p -value

1 ILMN_1764826 X TFE3 1 59 1 30 1 95 7.304E-06 T2DCKDadipo,-fibri,-inna 2 14 1 42 3 29 3.349E-04 yes no yes

2 ILMN_1685057 5 SLC22A4 1 56 1 28 1 91 1.196E-05 T2DCKDmito 1 41 1 01 1 99 4.190E-02 yes PMID: 33907247 yes

3 ILMN_1806818 6 MCM3 0 65 0 53 0 79 2.388E-05 T2DCKDinna 0 70 0 48 1 02 6 310E-02 no - yes

4 ILMN_1811195 19 ZNF211 0 67 0 55 0 80 3.065E-05 1 42 0 96 2 13 7 828E-02 no - no

5 ILMN_1683942 5 PCDHB2 1 49 1 23 1 80 3.980E-05 1 28 0 86 1 90 2 210E-01 no - no

6 ILMN_1809859 17 PCGF2 1 47 1 22 1 78 4.899E-05 T2DCKDangi - - - - - - yes

7 ILMN_1812070 7 ABCB1 0 67 0 55 0 81 5.311E-05 T2DCKDras 1 11 0 76 1 62 5 771E-01 no - yes

8 ILMN_1687495 21 SLC37A1 0 68 0 56 0 82 6.996E-05 1 25 0 85 1 85 2 515E-01 no - no

9 ILMN_2211780 4 SLC25A4 0 69 0 57 0 83 7.154E-05 T2DCKDmito - - - - - - yes

10 ILMN_1731206 5 NKD2 1 47 1 21 1 80 1.191E-04 T2DCKDfibri 1 41 0 96 2 08 7 902E-02 no - yes

11 ILMN_1740171 2 DUSP11 0 69 0 58 0 83 1.200E-04 T2DCKDinna 1 40 0 95 2 10 9 356E-02 no - yes

12 ILMN_1838187 12 SYT1 1 45 1 20 1 76 1.512E-04 1 03 0 71 1 50 8 707E-01 no - no

13 ILMN_1656563 2 PAX8 1 45 1 20 1 76 1.513E-04 T2DCKDfibri,-tyr,-angi 0 69 0 43 1 05 1 030E-01 no - yes

14 ILMN_2244653 1 CDC14A 1 44 1 19 1 74 1.548E-04 T2DCKDmito - - - - - - yes

15 ILMN_1772645 7 AGK 0 70 0 58 0 84 1.592E-04 T2DCKDmito,-angi 1 09 0 74 1 62 6 487E-01 no - yes

16 ILMN_1712613 10 PNLIPRP2 1 44 1 19 1 75 1.669E-04 T2DCKDadipo - - - - - - yes

17 ILMN_2205032 X MAGEE1 0 70 0 58 0 84 1.944E-04 - - - - - - no

18 ILMN_2396292 7 ZNF655 0 70 0 58 0 84 2.383E-04 - - - - - - no

19 ILMN 1812281 6 ARG1 1 40 1 17 1 69 2.598E-04 T2DCKDinna 1 28 0 90 1 80 1 647E-01 no - yes

20 ILMN_1810228 1 TTF2 0 71 0 59 0 85 2.679E-04 T2DCKDinna 0 91 0 60 1 36 6 393E-01 no - yes

Rank
Extended 

replicated set

Replicated Reported associations 

with CKD or related 

kidney traits for 

li d did

Discovery cohort : KORA F4name Matched CHR Matched Gene potential involed processes of T2DCKD Replication cohort : KORA F3 (general population)
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OR OR 95% CI  (L) OR  95% CI 

(U)

p -value FDR OR OR 95% CI  (L) OR  95% CI 

(U)

p -value OR OR 95% 

CI  (L)

OR  95% CI  (U) p -value

1 SL001777 CST3 Cystatin-C 2.98 2.09 4.38 5.404E-09 5 917E-06 T2DCKDras,-adipo,-mito,-fibri,-inna,-tyr,-angi 18.24 5.48 60.75 2.234E-06 8.46 3.00 23.88 5.534E-05 yes MID: 31 01049 yes

2 SL002644 EGFR Epidermal growth factor receptor 0.34 0.23 0.50 1 193E-07 5 237E-05 T2DCKDras,-mito,-fibri,-inna 0.49 0.24 0.98 4.478E-02 0.70 0.34 1.44 3.32 E-01 yes PMID: 24705402 yes

3 SL000283 B2M Beta-2-microglobulin 2.52 1.81 3.61 1.435E-07 5 237E-05 T2DCKDage,-inna 9.05 3.45 23.77 7.734E-06 4.13 1.70 10.04 1.790E-03 yes PMID: 31701049 yes

4 SL003522 ERP29 Endoplasmic reticulum resident protein 29 2.74 1.87 4.14 6.477E-07 1.773E-04 T2DCKDtyr 3.79 1.80 7.96 4.456E-04 2.63 1.46 4.75 1.282E-03 yes PMID:33888746 yes

5 SL001992 TNFRSF1A

Tumor necrosis factor receptor superfamily member 

1A 1.96 1.48 2.64 3 884E-06 8.506E-04 T2DCKDadipo,-fibri,-inna,-angi 7.18 2.97 17.35 1.167E-05 2.27 1.39 3.71 1.120E-03 yes PMID: 26200946 yes

6 SL008177 C1QBP

Complement component 1 Q subcomponent-binding 

protein, mitochondrial 0.44 0.30 0.62 5.343E-06 9.750E-04 T2DCKDmito,-fibri,-inna 0.70 0.34 1.42 3.236E-01 1.06 0.54 2.08 8.627E-01 no - yes

7 SL005156 NBL1 Neuroblastoma suppressor of tumorigenicity 1 1.85 1.42 2.43 6.509E-06 1 018E-03 8.03 3.12 20.65 1.553E-05 8.79 2.90 26.63 1.217E-04 yes no yes

8 SL002519 ERBB3 Receptor tyrosine-protein kinase erbB-3 0.42 0.28 0.60 8 286E-06 1 134E-03 T2DCKDras,-mito,-angi 0.32 0.16 0.67 2.367E-03 0.34 0.14 0.83 1.826E-02 yes PMID:33888746 yes

9 SL005160 ESAM Endothelial cell-selective adhesion molecule 2.08 1.52 2.92 1 030E-05 1 135E-03 T2DCKDadipo,-angi 5.57 2.46 12.63 3.937E-05 2.03 0.90 4.58 8.808E-02 yes PMID:29804241 yes

10 SL001800 TNFRSF1B

Tumor necrosis factor receptor superfamily member 

1B 1.98 1.47 2.71 1 037E-05 1 135E-03 T2DCKDadipo,-fibri,-inna,-angi 4.31 1.98 9.38 2.252E-04 1.19 0.72 1.95 4.980E-01 yes PMID: 26200946 yes

11 SL005172 IGFBP6 Insulin-like growth factor-binding protein 6 2.11 1.52 2.98 1 293E-05 1 189E-03 T2DCKDmito,-angi 12.06 4.24 34.33 3.060E-06 7.21 3.19 16.27 1.982E-06 yes PMID:22837797 yes

12 SL006910 CTSV Cathepsin L2 0.39 0.25 0.59 1.476E-05 1 189E-03 T2DCKDras,-fibri,-angi 0.48 0.22 1.02 5.681E-02 0.23 0.07 0.73 1.294E-02 yes no yes

13 SL004646 LAYN Layilin 1.91 1.44 2.59 1.517E-05 1 189E-03 T2DCKDfibri,-inna 3.40 1.50 7.71 3.475E-03 2.68 1.36 5.30 4.480E-03 yes PMID:26410531 yes

14 SL005158 CLEC4M C-type lectin domain family 4 member M 0.49 0.35 0.67 1.520E-05 1 189E-03 T2DCKDinna 0.36 0.19 0.71 2.773E-03 0.68 0.37 1.27 2.297E-01 yes no yes

15 SL010471 SPOCK2 Testican-2 0.50 0.36 0.68 2 061E-05 1.505E-03 T2DCKDfibri 0.31 0.15 0.65 1.775E-03 0.18 0.06 0.48 6.563E-04 yes PMID: 33888746 yes

16 SL001815 SOD2 Superoxide dismutase [Mn], mitochondrial 0.51 0.37 0.69 3 208E-05 2 195E-03 T2DCKDras,-adipo,-mito 0.44 0.23 0.86 1.592E-02 0.51 0.23 1.13 9.642E-02 yes PMID: 34661767 yes

17 SL000346 CTSH Cathepsin H 2.01 1.45 2.83 3.570E-05 2 299E-03 T2DCKDras,-inna,-tyr,-angi 3.96 1.81 8.66 5.698E-04 yes PMID: 33888746 yes

18 SL005213 RELT

Tumor necrosis factor receptor superfamily member 

19L 2.00 1.45 2.81 3 832E-05 2.331E-03 T2DCKDinna 5.12 2.35 11.16 4.013E-05 2.78 1.29 6.03 9.387E-03 yes PMID:31011203 yes

19 SL000506 CGA; LHB Luteinizing hormone 4.39 2.19 9.14 4 611E-05 2 657E-03 T2DCKDras,-adipo,-age,-angi 3.71 1.16 11.89 2.738E-02 1.27 0.54 2.99 5.906E-01 yes PMID:32475064 yes

20 SL009324 FSTL3 Follistatin-related protein 3 2.03 1.46 2.90 5 138E-05 2 813E-03 T2DCKDadipo,-mito,-fibri,-inna 4.45 1.93 10.27 4.696E-04 66.61 8.82 503.10 4.695E-05 yes PMID:28339962 yes

21 SL007806 IL22RA1 Interleukin-22 recep or subunit alpha-1 1.62 1.27 2.06 6 841E-05 3.567E-03 T2DCKDfibri,-inna,-angi 0.78 0.36 1.73 5.483E-01 no - yes

22 SL003679 IGF2R Cation-independent mannose-6-phosphate receptor 0.50 0.35 0.70 7 657E-05 3 811E-03 T2DCKDras,-mito,-fibri,-inna,-angi 0.50 0.27 0.93 2.740E-02 1.62 0.82 3.21 1.672E-01 yes no yes

23 SL005168 GHR Grow h hormone receptor 0.46 0.31 0.67 9 172E-05 4.367E-03 T2DCKDras,-mito,-inna,-tyr,-angi 0.41 0.19 0.89 2.442E-02 0.61 0.29 1.26 1.792E-01 yes PMID:31352157 yes

24 SL004338 FGF20 Fibroblast growth factor 20 0.34 0.20 0.58 1 012E-04 4 616E-03 T2DCKDtyr 0.17 0.07 0.40 4.976E-05 0.58 0.20 1.66 3.08 E-01 yes PMID: 34193611 yes

25 SL005230 UNC5C Netrin receptor UNC5C 1.89 1.37 2.65 1.424E-04 6 237E-03 3.18 1.49 6.80 2.767E-03 8.67 2.32 32.42 1.317E-03 yes PMID: 33888746 yes

26 SL010378 RET

Proto-oncogene tyrosine-protein kinase receptor 

Ret 0.49 0.33 0.71 2 045E-04 8 612E-03 T2DCKDras 0.44 0.21 0.93 3.159E-02 0.51 0.24 1.08 7.878E-02 yes no yes

27 SL006694 CNDP1 Beta-Ala-His dipeptidase 0.60 0.46 0.79 2 239E-04 9 079E-03 T2DCKDfibri 1.48 0.73 3.00 2.763E-01 no - yes

28 SL003201 KDR Vascular endo helial grow h factor receptor 2 0.56 0.41 0.76 2 645E-04 9.400E-03 T2DCKDras,-fibri,-inna,-angi 0.44 0.20 0.97 4.167E-02 0.56 0.29 1.08 8.55 E-02 yes PMID:32982792 yes

29 SL005574 ACY1 Aminoacylase-1 0.48 0.31 0.70 2 693E-04 9.400E-03 T2DCKDtyr 0.43 0.21 0.91 2.698E-02 0.38 0.18 0.79 9.613E-03 yes PMID:33838163 yes

30 SL004260 RETN Resis in 1.69 1.28 2.25 2 696E-04 9.400E-03 T2DCKDadipo,-mito,-inna 2.27 1.21 4.26 1.076E-02 1.59 0.93 2.72 9.207E-02 yes PMID: 32173772 yes

31 SL005703 NOTCH1 Neurogenic locus no ch homolog protein 1 0.56 0.40 0.76 2.723E-04 9.400E-03 T2DCKDmito,-fibri,-inna,-angi 0.72 0.37 1.39 3.230E-01 0.26 0.08 0.88 2.981E-02 yes PMID:26119175 yes

32 SL000521 MMP1 Interstitial collagenase 1.77 1.30 2.42 2.747E-04 9.400E-03 T2DCKDras,-adipo,-age,-inna,-angi 2.13 1.05 4.32 3.558E-02 0.95 0.50 1.80 8.749E-01 yes PMID:19506087 yes

33 SL002654 EPHA2 Ephrin type-A receptor 2 1.70 1.28 2.29 3 037E-04 1 008E-02 T2DCKDras,-fibri,-inna,-angi 4.77 2.05 11.12 2.916E-04 8.81 2.66 29.19 3.677E-04 yes PMID: 34475336 yes

34 SL012698 KIR2DL4 Killer cell immunoglobulin-like receptor 2DL4 1.62 1.25 2.13 3.354E-04 1 077E-02 T2DCKDinna 0.72 0.38 1.36 3.130E-01 0.74 0.38 1.44 3.787E-01 no - yes

35 SL005193 JAM2 Junctional adhesion molecule B 1.73 1.29 2.36 3.441E-04 1 077E-02 T2DCKDangi 4.04 1.82 9.00 6.273E-04 3.56 1.49 8.48 4.178E-03 yes no yes

36 SL000087 IL6 Interleukin-6 1.48 1.19 1.84 3.724E-04 1 133E-02 T2DCKDras,-adipo,-mito,-inna,-angi 0.75 0.39 1.44 3.870E-01 1.56 0.81 3.00 1.844E-01 no - yes

37 SL010348 FN1 Fibronectin Fragment 4 0.57 0.42 0.78 3 945E-04 1 168E-02 T2DCKDras,-adipo,-age,-mito,-fibri,-tyr 0.53 0.27 1.02 5.769E-02 0.52 0.22 1.22 1.309E-01 no - yes

38 SL005221 SCARF1 Scavenger receptor class F member 1 1.74 1.29 2.39 4.358E-04 1 227E-02 T2DCKDinna 1.95 1.06 3.61 3.268E-02 0.89 0.33 2.40 8.159E-01 yes no yes

39 SL000053 PLAT Tissue-type plasminogen activa or 0.45 0.29 0.70 4.380E-04 1 227E-02 T2DCKDras,-fibri,-tyr,-angi 0.49 0.25 0.95 3.473E-02 0.51 0.25 1.05 6.832E-02 yes PMID: 15249548 yes

40 SL002086 FCN3 Ficolin-3 0.57 0.42 0.78 4.481E-04 1 227E-02 T2DCKDfibri,-inna 0.91 0.45 1.83 7.894E-01 no - yes

41 SL000268 PLG Angiostatin 0.57 0.41 0.78 4 843E-04 1 293E-02 T2DCKDmito,-fibri,-tyr,-angi 0.43 0.20 0.91 2.636E-02 1.14 0.60 2.19 6.828E-01 yes PMID:34548389 yes

42 SL005187 IL3RA Interleukin-3 receptor subunit alpha 1.58 1.21 2.05 5.389E-04 1.405E-02 0.75 0.37 1.49 4.055E-01 1.23 0.41 3.73 7.099E-01 no - no

43 SL003184 LEPR Leptin receptor 0.64 0.50 0.83 6 633E-04 1 689E-02 T2DCKDadipo,-mito,-inna 0.98 0.54 1.77 9.363E-01 0.58 0.35 0.94 2.593E-02 yes PMID: 25034792 yes

44 SL007281 MAPK12 Mitogen-activated protein kinase 12 1.72 1.26 2.37 7 158E-04 1.744E-02 T2DCKDinna 1.13 0. 8 2.23 7.141E-01 0.94 0.36 2.44 8.911E-01 no - yes

45 SL005201 AMH Muellerian-inhibiting factor 0.59 0.43 0.79 7 168E-04 1.744E-02 T2DCKDras,-age,-inna 0.39 0.20 0.75 4.711E-03 1.88 0.76 4.66 1.75 E-01 yes PMID: 33623676 yes

46 SL004863 TNFRSF19

Tumor necrosis factor receptor superfamily member 

19 1.45 1.16 1.81 8.739E-04 2 046E-02 T2DCKDfibri 2.88 1.34 6.20 6.657E-03 1.17 0.69 1.98 5.558E-01 yes PMID: 31011203 yes

47 SL002755 PAPPA Pappalysin-1 1.69 1.25 2.32 8 906E-04 2 046E-02 T2DCKDinna 2.55 1.28 5.06 7.451E-03 1.22 0.62 2.37 5.660E-01 yes PMID:27519211 yes

48 SL010328 MED1

Mediator of RNA polymerase II transcription 

subunit 1 1.60 1.20 2.11 8 968E-04 2 046E-02 T2DCKDmito -inna -tyr 1.37 0.62 3.05 4.398E-01 no - yes

49 SL000466 IGFBP2 Insulin-like growth factor-binding protein 2 1.92 1.30 2.87 1 167E-03 2 607E-02 T2DCKDras,-adipo,-mi o,-tyr,-angi 1.82 0.84 3.96 1.291E-01 no - yes

50 SL006919 RPS6KA5 Ribosomal protein S6 kinase alpha-5 1.59 1.20 2.12 1 199E-03 2 626E-02 T2DCKDras,-mito 0.89 0.45 1.73 7.238E-01 2.65 0.58 12.14 2.092E-01 no - yes

51 SL004141 EFNA5 Ephrin-A5 1.70 1.24 2.39 1.406E-03 2 971E-02 T2DCKDmito,-inna,-tyr 2.70 1.41 5.14 2.601E-03 7.10 1.94 26.01 3.078E-03 yes no yes

52 SL004160 NTRK2 BDNF/NT-3 growth factors receptor 0.60 0.43 0.82 1.411E-03 2 971E-02 T2DCKDras,-tyr,-angi 0.53 0.28 0.98 4.276E-02 1.22 0.57 2.60 6.101E-01 yes PMID:25885044 yes

53 SL004354 IL19 Interleukin-19 0.57 0.40 0.80 1.445E-03 2 986E-02 T2DCKDmito,-inna,-angi 0.89 0.48 1.65 7.069E-01 0.44 0.22 0.91 2.692E-02 yes PMID:28201997 yes

54 SL003849 FGF9 Fibroblast growth factor 9 0.41 0.23 0.68 1.506E-03 3 054E-02 T2DCKDangi 0.38 0.20 0.73 3.936E-03 1.28 0.78 2.11 3.297E-01 yes PMID: 33145306 yes

55 SL003994 BMP1 Bone morphogene ic protein 1 0.56 0.39 0.80 1.717E-03 3.419E-02 T2DCKDfibri -angi 1.08 0.55 2.11 8.214E-01 0.74 0.42 1.29 2.819E-01 no - yes

56 SL010470 SEMA3E Semaphorin-3E 0.63 0.47 0.84 1 893E-03 3.702E-02 T2DCKDangi 0.77 0.43 1.40 3.996E-01 0.66 0.28 1.55 3.423E-01 no - yes

57 SL006610 ADAMTS13

A disintegrin and metalloproteinase wi h 

thrombospondin motifs 13 0.63 0.47 0.84 1 977E-03 3.798E-02 T2DCKDfibri,-angi 0.42 0.21 0.84 1.482E-02 0.33 0.16 0.67 2.401E-03 yes PMID:20307901 yes

58 SL004258 ADIPOQ Adiponectin 1.83 1.26 2.72 2 047E-03 3 865E-02 T2DCKDras,-adipo,-mito,-fibri,-inna,-angi 1.13 0.61 2.08 6.955E-01 1.44 0.77 2.70 2.569E-01 no - yes

59 SL007547 HAVCR2 Hepatitis A virus cellular receptor 2 1.71 1.22 2.42 2 122E-03 3 938E-02 T2DCKDage,-mito,-inna 2.77 1.35 5.68 5.306E-03 1.67 0.64 4.33 2.904E-01 yes PMID:31011203 yes

60 SL006119 TFF3 Trefoil factor 3 1.55 1.17 2.05 2 250E-03 4 106E-02 T2DCKDmito,-tyr 6.78 2.25 20.42 6.636E-04 2.02 1.29 3.14 1.930E-03 yes PMID: 26200946 yes

61 SL011049 MASP1 Mannan-binding lectin serine protease 1 0.59 0.42 0.83 2.509E-03 4.503E-02 T2DCKDfibri,-inna 0.51 0.27 0.97 3.920E-02 0.56 0.21 1.52 2.540E-01 yes PMID: 29604259 yes

62 SL004645 SPINT1 Kunitz-type protease inhibitor 1 0.62 0.45 0.84 2 608E-03 4.535E-02 T2DCKDfibri 0.65 0.31 1.36 2.500E-01 0.80 0.38 1.69 5.570E-01 no - yes

63 SL000478 IL2 Interleukin-2 0.67 0.52 0.87 2 609E-03 4.535E-02 T2DCKDinna 0.99 0.52 1.89 9.750E-01 1.24 0.60 2.57 5.592E-01 no - yes

SomaIdRank potential involed processes of T2DCKD Replication cohort : QBB Replication cohort : QMDiab
Extended replicated 

set

Reported associations 

with CKD or related 

kidney traits for 

plicated candidat

Discovery cohort : KORA F4TargetFullNameEntrezGeneSymbol Replicated overa l
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Supplementary Table 5. CKD - MWAS identified 17 metabolites in hyperglycemic individuals of KORA and their replication 

ORs with 95% CI, P-values and FDR of 17 metabolites (FDR < 0.05) with prevalent CKD in discovery study of hyperglycemic individuals of KORA F4 and the replication studies 

of KORA F3 and of hyperglycemic individuals of KORA FF4 are shown, respectively.  

In the discovery study, ORs and P-values were from logistic regression analysis adjusted for age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total cholesterol, 

HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication. 

Abbreviations: CKD, chronic kidney disease; ORs, odds ratios; T2DCKDmito, T2D-related CKD subnetwork of mitochondrial dysfunction; T2DCKDtyr, T2D-related CKD 

subnetwork of Tyr. 

 

Supplementary Table 6. Association of identified candidates with CKD in KORA individuals with NGT to investigate whether there were 

interactions with hyperglycemia. 

ORs with 95% CI, P-values of 120 candidates with prevalent CKD in KORA F4 individuals with NGT. ORs and P-values were from logistic regression analysis adjusted for age, 

sex, BMI, systolic blood pressure, smoking status, triglyceride, total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive medication. FDR 

was calculated for each omics type. 

Abbreviations: CKD, chronic kidney disease; ORs, odds ratios; NGT, normal glucose tolerance. 

OR OR 95% CI  (L) OR  95% CI  (U) p -value FDR OR OR 95% 

CI  (L)

OR  95% CI 

(U)

p -value OR OR 95% CI 

(L)

OR  95% 

CI  (U)

p -value Replicated 

overall

1 C14:1‐OH Hydroxytetradecenoylcarnitine 1.41 1.21 1.66 2.160E-05 2.700E-03 1.66 1.10 2.56 1.783E-02 1.65 1.37 1.98 1.143E-07 yes MID  29519950 yes

2 C2 Acetylcarnitine 1.40 1.19 1.64 5.475E-05 3.422E-03 T2DCKDage 1.62 1.10 2.46 1.749E-02 1.42 1.18 1.71 1.902E-04 yes PMID  33428023 yes

3 C14:2 Tetradecadienylcarnitine 1.35 1.15 1.59 2.943E-04 9.148E-03 1.79 1.14 2.89 1.400E-02 1.60 1.31 1.94 2.771E-06 yes PMID  30173364 yes

4 C10:2 Decadienylcarnitine 1.32 1.14 1.53 2.971E-04 9.148E-03 1.49 1.01 2.25 4.817E-02 yes PMID  30173364 yes

5 C16

Hexadecanoylcarnitine, or 

Palmitoylcarnitine 1.35 1.15 1.59 3.705E-04 9.148E-03 T2DCKDmito 1.15 0.79 1.68 4.730E-01 1.33 1.10 1.60 2.947E-03 yes PMID  26200946 yes

6 C14:1 Tetradecenoylcarnitine 1.31 1.13 1.52 4.948E-04 9.148E-03 1.29 0.89 1.90 1.908E-01 1.41 1.18 1.69 2.034E-04 yes PMID  30173364 yes

7 Tyr Tyrosine 0.76 0.65 0.89 5.324E-04 9.148E-03 T2DCKDtyr 0.64 0.42 0.97 3.436E-02 0.92 0.77 1.10 3.842E-01 yes PMID 29142974 yes

8 C12 Dodecanoylcarnitine, or 1.33 1.13 1.57 5.855E-04 9.148E-03 T2DCKDmito 1.79 1.18 2.82 8.081E-03 1.69 1.40 2.05 8.961E-08 yes PMID  16168195 yes

9 C8:1 Octenoylcarnitine 1.29 1.11 1.50 8.036E-04 1.006E-02 1.57 1.07 2.34 2.324E-02 yes PMID  30173364 yes

10 C10 Decanoylcarnitine 1.32 1.12 1.56 8.764E-04 1.006E-02 T2DCKDmito 1.59 1.08 2.42 2.328E-02 1.48 1.23 1.78 2.649E-05 yes PMID  29519950 yes

11 C6(C4:1‐DC) Hexanoylcarnitine (Fumarylcarnitine) 1.32 1.12 1.55 8.850E-04 1.006E-02 T2DCKDmito 1.73 1.19 2.66 7.733E-03 yes PMID 29142974 yes

12 C18:1 Octadecenoylcarnitine 1.30 1.11 1.53 1.336E-03 1.392E-02 1.24 0.83 1.86 2.982E-01 1.20 1.01 1.43 4.172E-02 yes PMID  16168195 yes

13 C18 2 Octadecadienylcarnitine 1.29 1.10 1.51 1.604E-03 1.543E-02 1.22 0.81 1.87 3.521E-01 1.16 0.97 1.40 1.033E-01 no - no

14 C5 Valerylcarnitine 1.29 1.10 1.53 2.331E-03 2.082E-02 1.51 1.05 2.23 2.961E-02 1.47 1.23 1.77 3.138E-05 yes PMID 29142974 yes

15 SM C24 0 Sphingomyeline C24 0 0.75 0.62 0.91 2.948E-03 2.457E-02 0.78 0.51 1.23 2.737E-01 0.86 0.69 1.08 1.946E-01 no - no

16 SM (OH) C22 1 Hydroxysphingomyeline C22 1 0.76 0.63 0.91 3.368E-03 2.631E-02 0.79 0.50 1.29 3.409E-01 0.92 0.74 1.15 4.721E-01 no - no

17 C8 Octanoylcarnitine 1.26 1.07 1.47 4.287E-03 3.152E-02 T2DCKDmito 1.62 1.11 2.46 1.867E-02 1.41 1.18 1.68 1.123E-04 yes PMID  30173364 yes

Replication cohort : KORA FF4 hyerglycemic Reported associations 

with CKD or related 

kidney traits for 

plicat d candidat

Extended 

replicated set

Rank Metabolite Biochemical name Discovery cohort : KORA F4 hyperglycemic individuals potential involed 

processes of T2DCKD

Replication cohort : KORA F3 (general 
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omics label omics.type OR  (95% CI ) P -value FDR

TLN2 CpGs 1.203 (0.855 to 1.824) 3.337E-01 6.673E-01

NR1H2 CpGs 0.917 (0.54 to 1.072) 5.477E-01 7.332E-01

ACSL1 CpGs 0.93 (0.698 to 1.282) 6.365E-01 7.488E-01

HTRA3 CpGs 0.96 (0.719 to 1.286) 7.808E-01 8.239E-01

TUBGCP2 CpGs 0.784 (0.568 to 1.078) 1.355E-01 5.172E-01

MGAT1 CpGs 1.472 (1.067 to 2.056) 2.072E-02 3.480E-01

CCDC39 CpGs 0.653 (0.432 to 0.952) 3.480E-02 3.480E-01

ZDHHC16 CpGs 1.282 (0.951 to 1.725) 1.016E-01 5.079E-01

LOC400931 CpGs 0.869 (0.686 to 1.144) 2.645E-01 6.613E-01

ERP29 CpGs 1.204 (0.855 to 1.755) 3.132E-01 6.673E-01

LYL1 CpGs 0.919 (0.643 to 1.214) 6.042E-01 7.488E-01

MEG9 CpGs 1.104 (0.832 to 1.481) 5.016E-01 7.332E-01

ALKBH4 CpGs 0.987 (0.719 to 1.337) 9.363E-01 9.363E-01

NEURL3 CpGs 0.785 (0.622 to 1.027) 5.303E-02 3.535E-01

PLEC1 CpGs 0.956 (0.692 to 1.314) 7.827E-01 8.239E-01

UBE2E1 CpGs 0.901 (0.656 to 1.239) 5.173E-01 7.332E-01

ALS2CR8 CpGs 1.267 (0.922 to 1.772) 1.551E-01 5.172E-01

LYSMD2 CpGs 1.244 (0.911 to 1.761) 1.967E-01 5.620E-01

NAPA CpGs 1.102 (0.804 to 1.526) 5.499E-01 7.332E-01

MAF1 CpGs 1.119 (0.794 to 1.605) 5.302E-01 7.332E-01

PAX8 RNAs 0.864 (0.595 to 1.232) 4.311E-01 7.185E-01

PCDHB2 RNAs 1.018 (0.718 to 1.446) 9.178E-01 9.661E-01

SLC22A4 RNAs 1.37 (0.928 to 2.022) 1.115E-01 2.787E-01

SLC37A1 RNAs 0.826 (0.574 to 1.183) 2.976E-01 5.707E-01

PNLIPRP2 RNAs 0.928 (0.65 to 1.319) 6.749E-01 8.602E-01

NKD2 RNAs 1.076 (0.754 to 1.544) 6.882E-01 8.602E-01

DUSP11 RNAs 0.655 (0.45 to 0.943) 2.435E-02 1.492E-01

TFE3 RNAs 1.535 (1.048 to 2.286) 3.027E-02 1.492E-01

AGK RNAs 0.63 (0.41 to 0.95) 3.020E-02 1.492E-01

MCM3 RNAs 0.673 (0.46 to 0.965) 3.544E-02 1.492E-01

PCGF2 RNAs 1.065 (0.721 to 1.576) 7.503E-01 8.828E-01

TTF2 RNAs 0.807 (0.547 to 1.188) 2.764E-01 5.707E-01

ZNF211 RNAs 0.912 (0.62 to 1.334) 6.378E-01 8.602E-01

ABCB1 RNAs 0.882 (0.597 to 1.294) 5.219E-01 8.030E-01

ARG1 RNAs 1.475 (1.02 to 2.134) 3.729E-02 1.492E-01

SYT1 RNAs 0.956 (0.67 to 1.347) 7.991E-01 8.879E-01

MAGEE1 RNAs 0.679 (0.437 to 1.046) 8.059E-02 2.647E-01

SLC25A4 RNAs 0.8 (0.515 to 1.232) 3.139E-01 5.707E-01

CDC14A RNAs 1.005 (0.7 to 1.431) 9.781E-01 9.781E-01

ZNF655 RNAs 0.731 (0.502 to 1.044) 9.264E-02 2.647E-01
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PLAT Proteins 0.867 (0.515 to 1.436) 5.840E-01 7.516E-01

IGFBP2 Proteins 2.337 (1.271 to 4.477) 7.879E-03 6.426E-02

CST3 Proteins 2.176 (1.359 to 3.569) 1.471E-03 2.317E-02

EFNA5 Proteins 1.147 (0.725 to 1.84) 5.630E-01 7.516E-01

ERBB3 Proteins 0.599 (0.351 to 1.003) 5.541E-02 1.841E-01

LAYN Proteins 1.489 (0.986 to 2.219) 5.155E-02 1.841E-01

TNFRSF1A Proteins 1.933 (1.175 to 3.218) 9.713E-03 6.799E-02

EGFR Proteins 0.599 (0.368 to 0.945) 3.164E-02 1.525E-01

IGFBP6 Proteins 1.634 (1.033 to 2.54) 3.080E-02 1.525E-01

FGF20 Proteins 0.999 (0.621 to 1.385) 9.962E-01 9.962E-01

FGF9 Proteins 0.682 (0.354 to 1.067) 1.797E-01 3.652E-01

SPINT1 Proteins 0.845 (0.551 to 1.3) 4.390E-01 6.286E-01

NBL1 Proteins 1.473 (1.015 to 2.122) 3.735E-02 1.525E-01

GHR Proteins 0.604 (0.347 to 1.03) 6.897E-02 1.960E-01

CGA LHB Proteins 1.118 (0.56 to 2.338) 7.572E-01 8.467E-01

ESAM Proteins 1.894 (1.212 to 2.994) 5.452E-03 6.426E-02

JAM2 Proteins 1.417 (0.916 to 2.173) 1.120E-01 2.715E-01

CLEC4M Proteins 0.839 (0.554 to 1.251) 3.958E-01 5.799E-01

IL19 Proteins 0.91 (0.615 to 1.338) 6.326E-01 7.815E-01

RETN Proteins 1.397 (0.899 to 2.158) 1.327E-01 3.097E-01

IL2 Proteins 0.652 (0.421 to 1.013) 5.552E-02 1.841E-01

TNFRSF1B Proteins 1.689 (1.041 to 2.813) 3.755E-02 1.525E-01

ADAMTS13 Proteins 0.608 (0.395 to 0.923) 2.076E-02 1.308E-01

RET Proteins 0.99 (0.592 to 1.583) 9.679E-01 9.835E-01

ACY1 Proteins 0.7 (0.4 to 1.203) 2.050E-01 3.991E-01

BMP1 Proteins 0.704 (0.427 to 1.154) 1.655E-01 3.516E-01

CTSV Proteins 0.673 (0.408 to 1.071) 1.073E-01 2.704E-01

FN1 Proteins 0.824 (0.542 to 1.24) 3.563E-01 5.501E-01

FSTL3 Proteins 2.669 (1.6 to 4.686) 3.079E-04 6.465E-03

B2M Proteins 1.923 (1.193 to 3.163) 8.159E-03 6.426E-02

ADIPOQ Proteins 0.831 (0.461 to 1.489) 5.340E-01 7.476E-01

CNDP1 Proteins 0.769 (0.498 to 1.218) 2.491E-01 4.484E-01

MASP1 Proteins 0.948 (0.592 to 1.487) 8.209E-01 8.917E-01

IL22RA1 Proteins 1.157 (0.773 to 1.544) 3.857E-01 5.785E-01

KDR Proteins 0.788 (0.516 to 1.212) 2.710E-01 4.548E-01

IGF2R Proteins 1.469 (0.979 to 2.258) 7.127E-02 1.960E-01

PLG Proteins 0.928 (0.595 to 1.438) 7.383E-01 8.467E-01

CTSH Proteins 2.63 (1.702 to 4.143) 1.704E-05 1.074E-03

FCN3 Proteins 0.675 (0.443 to 1.055) 7.298E-02 1.960E-01

RPS6KA5 Proteins 0.664 (0.423 to 1.009) 6.363E-02 1.960E-01
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MED1 Proteins 0.589 (0.312 to 0.987) 7.468E-02 1.960E-01

PAPPA Proteins 1.417 (0.897 to 2.259) 1.377E-01 3.099E-01

IL3RA Proteins 1.037 (0.664 to 1.474) 8.586E-01 9.168E-01

IL6 Proteins 0.706 (0.351 to 1.216) 2.743E-01 4.548E-01

TFF3 Proteins 1.325 (0.866 to 1.951) 1.674E-01 3.516E-01

EPHA2 Proteins 1.069 (0.686 to 1.666) 7.661E-01 8.467E-01

NTRK2 Proteins 0.983 (0.644 to 1.504) 9.358E-01 9.665E-01

AMH Proteins 1.091 (0.729 to 1.638) 6.720E-01 8.142E-01

MMP1 Proteins 1.025 (0.693 to 1.497) 8.970E-01 9.419E-01

C1QBP Proteins 0.891 (0.576 to 1.342) 5.907E-01 7.516E-01

ERP29 Proteins 1.314 (0.864 to 2.037) 2.090E-01 3.991E-01

MAPK12 Proteins 0.887 (0.558 to 1.337) 5.916E-01 7.516E-01

SOD2 Proteins 0.616 (0.385 to 0.972) 3.873E-02 1.525E-01

KIR2DL4 Proteins 0.93 (0.568 to 1.39) 7.557E-01 8.467E-01

NOTCH1 Proteins 0.926 (0.599 to 1.428) 7.289E-01 8.467E-01

RELT Proteins 2.619 (1.601 to 4.44) 1.927E-04 6.069E-03

SCARF1 Proteins 1.211 (0.806 to 1.836) 3.580E-01 5.501E-01

TNFRSF19 Proteins 1.711 (1.148 to 2.502) 6.264E-03 6.426E-02

HAVCR2 Proteins 0.839 (0.618 to 1.239) 3.105E-01 5.016E-01

UNC5C Proteins 1.276 (0.829 to 1.874) 2.366E-01 4.385E-01

SEMA3E Proteins 1.759 (1.058 to 3.003) 3.278E-02 1.525E-01

LEPR Proteins 1.128 (0.769 to 1.901) 5.965E-01 7.516E-01

SPOCK2 Proteins 0.804 (0.538 to 1.183) 2.741E-01 4.548E-01

C10 Metabolites 1.09 (0.867 to 1.369) 4.580E-01 4.866E-01

C10:2 Metabolites 1.366 (1.076 to 1.735) 1.045E-02 5.924E-02

C12 Metabolites 1.187 (0.938 to 1.501) 1.521E-01 2.350E-01

C14:1 Metabolites 1.261 (0.987 to 1.608) 6.249E-02 1.518E-01

C14:1‐OH Metabolites 1.576 (1.237 to 2.019) 2.703E-04 4.595E-03

C14:2 Metabolites 1.174 (0.923 to 1.495) 1.928E-01 2.521E-01

C16 Metabolites 1.53 (1.188 to 1.977) 1.071E-03 9.105E-03

C18:1 Metabolites 1.31 (1.027 to 1.672) 2.978E-02 1.013E-01

C18:2 Metabolites 1.277 (1.003 to 1.627) 4.782E-02 1.355E-01

C2 Metabolites 1.212 (0.963 to 1.527) 1.013E-01 2.154E-01

C6(C4:1‐DC) Metabolites 1.198 (0.953 to 1.503) 1.204E-01 2.275E-01

C5 Metabolites 1.178 (0.925 to 1.502) 1.851E-01 2.521E-01

C8 Metabolites 1.137 (0.909 to 1.415) 2.540E-01 3.084E-01

C8:1 Metabolites 1.048 (0.834 to 1.316) 6.833E-01 6.833E-01

SM (OH) C22:1 Metabolites 0.811 (0.611 to 1.085) 1.514E-01 2.350E-01

SM C24:0 Metabolites 0.705 (0.525 to 0.946) 1.994E-02 8.474E-02

Tyr Metabolites 1.123 (0.885 to 1.427) 3.429E-01 3.886E-01



143 

 

Supplementary Table 7. Interaction of connected edges in T2DCKDtyr subnetwork and the 

based literatures. 

Abbreviations: T2DCKDtyr, T2D-related CKD subnetwork of Tyr. 

 

Subject Interaction type Object Arg_loc Arg_Mod PMID Organism Disease

TH decreases_quantity of Tyrosine 26241318 Mammalia Metabolic

TH increases_quantity of Dopamine 26241318 Mammalia Metabolic

Tyrosine increases_quantity of Dopamine 26241318 Mammalia Metabolic

IGFBP2 increases_activity of Nephropathy, diabetic

23781310

Homo sapiens

Nephropathy, diabetic; 

Diabetes mellitus, type II; 

Insulin resistance

TG increases_activity of

thyroid hormone 

generation
30599477

Homo sapiens

Thyroid dyshormonogenesis 

1

FN1 affects_activity of

Glomerulopathy with 

fibronectin deposits 2
18268355

Homo sapiens

Cardiovascular disease; 

Renal

FGF20 increases_activity of kidney development 22698282 Homo sapiens Developmental

CST3 increases_activity of

Chronic kidney 

disease in T2D patients
24409655

Homo sapiens

Diabetes mellitus, type II; 

Chronic kidney disease

CST3 affects_activity of glomerular filtration in T2D patients
24409655

Homo sapiens

Diabetes mellitus, type II; 

Chronic kidney disease

FGF20 increases_expression of TH in neuronal stem cells 15474354 Mammalia Neurological

TH decreases_quantity of Tyrosine in neuronal stem cells 15474354 Mammalia Neurological

TH increases_quantity of Dopamine in neuronal stem cells 15474354 Mammalia Neurological

Chronic kidney disease decreases_quantity of Tyrosine in plasma 17513431 Mammalia Chronic kidney disease

Triiodothyronine increases expression of CTSH 21217776 Homo sapiens Cancer

Triiodothyronine increases_quantity of CTSH 21217776 Homo sapiens Cancer

TPO increases_activity of

thyroid hormone 

generation
26610751

Mammalia Metabolic

Thyroid-stimulating hormone affects_expression of TPO
26610751

Mammalia Metabolic

Polycystic kidney disease 5 decreases_activity of CTSH in proximal tubules 8840269 Rattus norvegicus Polycystic kidney disease 5

Triiodothyronine affects_activity of

increased urine 

protein level
29660205

Homo sapiens Nephropathy, diabetic

Tyrosine increases_quantity of Triiodothyronine

via the catalytic 

activity of thyroid 

peroxidase

26610751

Mammalia Metabolic

Thyroid-stimulating hormone increases_quantity of PLAT in thyroid follicular cells
12065237

Homo sapiens Metabolic

Thyroid-stimulating hormone increases_quantity of Angiostatin in thyroid follicular cells
12065237

Homo sapiens Metabolic

Thyroxine affects_quantity of IGFBP2 in fetus 7689951 Sus scrofa Endocrine; Developmental

Thyroxine increases_quantity of EFNA5

in the developing 

hippocampus and 

hippocampal neurons

29762250

Rattus norvegicus Neurological; Endocrine

Triiodothyronine increases_quantity of EFNA5

in the developing 

hippocampus and 

hippocampal neurons

29762250

Rattus norvegicus Neurological; Endocrine

Triiodothyronine increases_expression of GHR in hepatic carcinoma cells 10195688 Homo sapiens Cancer

TFF3 affects_activity of

thyroid gland 

development

in anaplastic thyroid  

carcinoma cell line  

8305C

26458316

Homo sapiens

Endocrine; Thyroid 

carcinoma

Triiodothyronine decreases_expression of NTRK2 in hyrotropic cells 10978336 Mus musculus Neurological; Cancer

Nephropathy, diabetic increases_quantity of

Thyroid-stimulating 

hormone in blood
30631416

Homo sapiens Nephropathy, diabetic

Nephropathy, diabetic decreases_quantity of Triiodothyronine in blood 30631416 Homo sapiens Nephropathy, diabetic

Triiodothyronine affects_activity of glomerular filtration 30631416 Homo sapiens Nephropathy, diabetic

ERP29 increases_activity of TG 11884402 Rattus norvegicus Hypothyroidism

MED1 increases_expression of

Thyroid-stimulating 

hormone

together with 

Triiodothyronine (T3)

24055033

Mus musculus Endocrine

PAX8 increases_activity of

thyroid gland 

development
25350068

Mammalia Endocrine

PAX8 increases_expression of TG in thyroid cells

in cooperation with 

TTF1 (NKX2-1)
11069301

Rattus norvegicus Endocrine

NTRK2 affects_activity of glomerular filtration 25885044 Homo sapiens Chronic kidney disease

Triiodothyronine increases_activity of

fatty acid beta-

oxidation in brown adipose tissue
30209975

Mus musculus Endocrine; Metabolic

Triiodothyronine decreases_quantity of Tyrosine in brown adipose tissue 30209975 Mus musculus Endocrine; Metabolic
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Supplementary Table 8. Interaction of connected edges in T2DCKDmito subnetwork and 

the based literatures. 

Abbreviations: T2DCKDmito, T2D-related CKD subnetwork of mitochondrial dysfunction. 

Dopamine decreases_activity of Nephropathy, diabetic 23207723 Mammalia Nephropathy, diabetic

Dopamine decreases_activity of albuminuria 23207723 Mammalia Nephropathy, diabetic

Dopamine decreases_activity of

response to oxidative 

stress
22688335

Mammalia Renal

Dopamine increases_activity of glomerular filtration in kidney 22688335 Mus musculus Nephropathy, diabetic

Dopamine decreases_quantity of FN1 in kidney 22688335 Mus musculus Nephropathy, diabetic

Dopamine decreases_activity of Nephropathy, diabetic 22688335 Mus musculus Nephropathy, diabetic

response to oxidative stress increases_quantity of Nitrotyrosine 17513431 Mammalia Chronic kidney disease

Tyrosine increases_quantity of Nitrotyrosine

on plasma proteins, in 

the presence of 

oxygen species

17513431

Mammalia Chronic kidney disease

CST3 affects_activity of glomerular filtration 15966508 Homo sapiens Endocrine; Renal

thyroid hormone generation affects quantity of CST3 in serum 15966508 Homo sapiens Endocrine  Renal

Dopamine decreases_quantity of Nitrotyrosine 23207723 Mammalia Nephropathy, diabetic

TPO affects_activity of TG in the thyroid gand 30886364 Mammalia

TG increases_activity of

thyroid hormone 

generation in the thyroid gand
30886364

Mammalia

thyroid hormone generation increases_quantity of Triiodothyronine in the thyroid gand 30886364 Mammalia

thyroid hormone generation increases_quantity of Thyroxine in the thyroid gand 30886364 Mammalia

Thyroid-stimulating hormone increases_activity of

thyroid hormone 

generation
28153798

Mammalia Endocrine

Nephropathy, diabetic increases_quantity of Nitrotyrosine 10792615 Homo sapiens Nephropathy, diabetic

Thyroxine affects_activity of Nephropathy, diabetic 29196928 Homo sapiens Nephropathy, diabetic

Nephropathy, diabetic decreases_quantity of Angiostatin in kidney 16394111 Rattus norvegicus Nephropathy, diabetic

Angiostatin decreases_activity of

renal glomerulus 

hypertrophy in kidney
16394111

Rattus norvegicus Nephropathy, diabetic

PAX8 decreases_activity of polyuria 32381599 Mus musculus Renal

GHR increases activity of glomerular filtration in kidney 31352157 Mammalia Nephropathy, diabetic

Triiodothyronine decreases_activity of

extracellular matrix 

assembly
21307121

Homo sapiens Nephropathy, diabetic

ACY1 affects_quantity of Tyrosine in kidney 14927637 Sus scrofa Renal; Metabolic

Dopamine decreases_activity of macrophage activation in adipose tissue
23207723

Mammalia Nephropathy, diabetic

Tyrosine increases_quantity of Thyroxine

via the catalytic 

activity of thyroid 

peroxidase

26610751

Mammalia Metabolic

Angiostatin decreases_activity of PLAT

in bovine aortic 

endothelial cells (BAEC), 

murine melanoma cells 

(B16F10) or human 

ovariancarcinoma cells 

(OVCA 429)

by binding to tPA 

(PLAT) 10229661 Mus musculus Cancer

Angiostatin decreases_activity of PLAT 21899046 Homo sapiens Hematological
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ADIPOQ increases_activity of fatty acid beta-oxidation in muscle 12368907 Mus musculus Diabetes mellitus, type II; Insulin resistance

FASN increases_activity of lipid biosynthetic process in white adipose tissue 18522830 Mus musculus

Diabetes mellitus, type II; Fatty liver disease, 

nonalcoholic; Insulin resistance

IL6 decreases_expression of PPARGC1A in skeletal muscle

if IL6 is overexpressed in 

skeletal muscle 18437347 Mus musculus Diabetes mellitus, type II; Insulin resistance

ADIPOQ increases_expression of PPARGC1A in adipose tissue 17717599 Mus musculus

Diabetes mellitus, type II; Obesity; Fatty liver 

disease, nonalcoholic; Insulin resistance

incomplete fatty acid beta-

oxidation increases quantity of Hexanoylcarnitine C6 18945875 Mammalia Diabetes mellitus  type II  Insulin resistance

incomplete fatty acid beta-

oxidation increases_quantity of Octanoylcarnitine C8 18945875 Mammalia Diabetes mellitus, type II; Insulin resistance

incomplete fatty acid beta-

oxidation increases_quantity of Decanoylcarnitine C10 18945875 Mammalia Diabetes mellitus, type II; Insulin resistance

incomplete fatty acid beta-

oxidation increases_quantity of Lauroylcarnitine C12 18945875 Mammalia Diabetes mellitus, type II; Insulin resistance

incomplete fatty acid beta-

oxidation increases_quantity of Tetradecanoylcarnitine C14 18945875 Mammalia Diabetes mellitus, type II; Insulin resistance

incomplete fatty acid beta-

oxidation increases_quantity of Palmitoylcarnitine C16 18945875 Mammalia Diabetes mellitus, type II; Insulin resistance

Diabetes mellitus, type II increases_activity of incomplete fatty acid beta-oxidation 19369366 Homo sapiens

Diabetes mellitus, type II; Obesity; Insulin 

resistance

SREBF1c increases_activity of lipid biosynthetic process in liver 22941588 Mammalia

Metabolic syndrome; Diabetes mellitus, type 

II; Fatty liver disease, nonalcoholic; Insulin 

resistance

SLC22A4 is localized in mitochondrial outer membrane 23150726 Mammalia Diabetes mellitus, type II; Insulin resistance

MDH2 affects_activity of tricarboxylic acid cycle 20567778 Mammalia Diabetes mellitus, type II; Insulin resistance

PPARGC1A interacts (colocalizes) with MED1 14636573 Homo sapiens Diabetes mellitus, type II; Insulin resistance

PPARGC1A affects_expression of SOD2 17055439 Mus musculus Diabetes mellitus, type II; Insulin resistance

PPARGC1A affects_expression of SLC25A4 17055439 Mus musculus Diabetes mellitus, type II; Insulin resistance

BCL2 decreases_activity of apoptotic process 19954947 Mammalia Diabetes mellitus, type II; Insulin resistance

PPARA increases_activity of fatty acid beta-oxidation in mitochondria, in peroxisomes 19531645 Mammalia Diabetes mellitus, type II; Insulin resistance

PTGS2 increases_activity of inflammatory response 25729473 Mammalia

Diabetes mellitus, type II; Fatty liver disease, 

nonalcoholic; Insulin resistance

ADIPOQ decreases_activity of NADPH oxidase complex in kidney 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

HAVCR2 decreases_quantity of Reactive oxygen species in nonalcoholic fatty liver disease 30862474 Mammalia Nephropathy, diabetic

CCDC39 affects_activity of cilium assembly 21131972 Homo sapiens Ciliopathy

ADIPOQ increases_activity of ACSL1 in 3T3-L1 adipocytes 20667975 Mus musculus Diabetes mellitus, type II; Insulin resistance

ACSL1 increases_activity of AMPK in 3T3-L1 adipocytes 20667975 Mus musculus Diabetes mellitus, type II; Insulin resistance

RETN affects_activity of CD36 in L6 myoblast cells 16137686 Rattus norvegicus

Diabetes mellitus, type II; Obesity; Insulin 

resistance

RETN decreases_activity of AMPK in L6 myoblast cells

via decreased 

phosphorylation 16137686 Rattus norvegicus

Diabetes mellitus, type II; Obesity; Insulin 

resistance

Reactive oxygen species increases_quantity of FN1 26719364 Mammalia Nephropathy, diabetic

EGFR increases_expression of ACSL1 22238402 Homo sapiens Diabetes mellitus, type II; Insulin resistance

EGFR increases_expression of ADIPOQ 22238402 Homo sapiens Diabetes mellitus, type II; Insulin resistance

ERBB3 decreases_expression of CD36 22238402 Homo sapiens Diabetes mellitus, type II; Insulin resistance

EFNA5 affects_expression of BCL2 in ovarian granulosa cells 29619874 Mus musculus Infertility

Carnitine decreases_quantity of CST3 in serum 31369185 Homo sapiens Immunological

SLC22A4 increases_transport of Carnitine 23150726 Mammalia Diabetes mellitus, type II; Insulin resistance

SLC22A4 increases_transport of Acylcarnitine 23150726 Mammalia Diabetes mellitus, type II; Insulin resistance

IGFBP2 decreases_activity of lipid biosynthetic process in visceral adipose tissue 25370576 Homo sapiens Obesity

IGFBP2 decreases_expression of SREBF1c in visceral adipose tissue 25370576 Homo sapiens Obesity

IGFBP2 decreases_expression of FASN in visceral adipose tissue 25370576 Homo sapiens Obesity

IGFBP2 decreases_expression of PPARG in visceral adipose tissue 25370576 Homo sapiens Obesity

IGFBP2 decreases_expression of ADIPOQ in visceral adipose tissue 25370576 Homo sapiens Obesity

Reactive oxygen species increases_expression of IGFBP6 in skin fibroblasts 15958393 Homo sapiens Cardiovascular disease

TFF3 decreases_expression of PPARGC1A in hepatocytes 24086476 Mus musculus Diabetes mellitus, type II; Insulin resistance

TFF3 increases_activity of cilium assembly in airway epithelial cells 17008636 Homo sapiens Lung disease

IL19 increases_expression of PPARG in VSMC, but not in EC 27053520 Homo sapiens Cardiovascular

GHR increases_quantity of Reactive oxygen species in podocytes 21067510 Mammalia Nephropathy, diabetic

NAPA decreases_activity of AMPK in HEK293T cells 23463002 Homo sapiens Diabetes mellitus, type II; Insulin resistance

NAPA affects_activity of mitochondrion organization 23463002 Homo sapiens Diabetes mellitus, type II; Insulin resistance

Reactive oxygen species affects_activity of RPS6KA5 via p38 MAPK 16531007 Rattus norvegicus Diabetes mellitus, type II; Insulin resistance

SLC25A4 increases_activity of

mitochondrial ATP transmembrane 

transport 27693233 Homo sapiens Cardiomyopathy

SOD2 decreases_quantity of Reactive oxygen species in wounds 30362661 Mus musculus Nephropathy, diabetic

CPT2 decreases_quantity of Acylcarnitine 33013450 Mammalia Neuropathy, diabetic

fatty acid beta-oxidation increases_quantity of Acetyl-CoA 33013450 Mammalia Neuropathy, diabetic

Acetyl-CoA increases_activity of tricarboxylic acid cycle 33013450 Mammalia Neuropathy, diabetic

tricarboxylic acid cycle increases_activity of oxidative phosphorylation 33013450 Mammalia Neuropathy, diabetic

oxidative phosphorylation increases_quantity of ATP 33013450 Mammalia Neuropathy, diabetic

PPARGC1A increases_activity of mitochondrion organization 33013450 Mammalia Nephropathy, diabetic

ACSL1 affects_activity of lipidosis in kidney 33013450 Mammalia Nephropathy, diabetic

PPARA increases_expression of CD36 33013450 Mammalia Nephropathy, diabetic

AMPK increases_activity of PPARGC1A 33013450 Mammalia Nephropathy, diabetic

lipidosis increases_activity of

response to endoplasmic reticulum 

stress in kidney 33013450 Mammalia Nephropathy, diabetic

lipidosis increases_activity of abnormal mitochondrial physiology in kidney 33013450 Mammalia Nephropathy, diabetic

PPARG increases_expression of CD36 in HK-2 cells 31754839 Mammalia Nephropathy, diabetic

NADPH oxidase complex increases_quantity of Reactive oxygen species 31754839 Mammalia Nephropathy, diabetic

oxidative phosphorylation increases_quantity of Reactive oxygen species 31754839 Mammalia Nephropathy, diabetic

AGK is_part_of TIM22 complex in mitochondrial inner membrane 28867158 Mammalia Sengers syndrome

TIM22 complex increases_activity of

protein insertion into mitochondrial 

inner membrane 28867158 Mammalia Sengers syndrome

AGK affects_activity of lipid biosynthetic process in mitochondria 28867158 Mammalia Sengers syndrome

CPT1A is localized in mitochondrial outer membrane 32226789 Mammalia Nephropathy, diabetic

CPT1A decreases_quantity of Carnitine 32226789 Mammalia Nephropathy, diabetic

CPT1A increases_quantity of Acylcarnitine 32226789 Mammalia Nephropathy, diabetic

CPT1A increases_transport of Acylcarnitine

across the outer mitochondrial 

membrane 32226789 Mammalia Nephropathy, diabetic

CPT2 is localized in mitochondrial inner membrane 32226789 Mammalia Nephropathy, diabetic

CPT2 decreases_quantity of Acylcarnitine in mitochondrial matrix 32226789 Mammalia Nephropathy, diabetic

CPT2 increases_quantity of Acyl-CoA in mitochondrial matrix 32226789 Mammalia Nephropathy, diabetic

fatty acid beta-oxidation decreases_quantity of Acyl-CoA in mitochondrial matrix 32226789 Mammalia Nephropathy, diabetic

fatty acid beta-oxidation increases_quantity of Acetyl-CoA in mitochondrial matrix 32226789 Mammalia Nephropathy, diabetic

tricarboxylic acid cycle decreases_quantity of Acetyl-CoA in mitochondrial matrix 32226789 Mammalia Nephropathy, diabetic

PPARGC1A affects_activity of fatty acid beta-oxidation 32226789 Mammalia Nephropathy, diabetic

C1QBP is localized in mitochondrial matrix in HeLa cells, in fibroblasts 11083468 Homo sapiens Cancer
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Supplementary Table 9. Interaction of connected edges in T2DCKDinna and the based lit-

eratures.  

Abbreviations: T2DCKDinna, T2D-related CKD subnetwork of innate immune response.  

C1QBP affects activity of oxidative phosphorylation 28942965 Homo sapiens

Combined oxidative phosphorylation 

deficiency

ERBB3 interacts (colocalizes) with EGFR 24520092 Homo sapiens Cancer

FSTL3 increases_expression of CD36 in macrophages 31815869 Mus musculus Cardiovascular disease

GHR increases_activity of fatty acid beta-oxidation 9398741 Homo sapiens Diabetes mellitus, type II; Insulin resistance

IGF2R affects_activity of CD36 in THP-1 cells 31680642 Homo sapiens Cardiovascular disease

LEPR increases_activity of fatty acid beta-oxidation in adipose tissue 32733634 Mus musculus Diabetes mellitus, type II; Insulin resistance

LEPR increases expression of PPARGC1A in adipose tissue 32733634 Mus musculus Diabetes mellitus  type II  Insulin resistance

LEPR increases_expression of CD36 in adipose tissue 32733634 Mus musculus Diabetes mellitus, type II; Insulin resistance

LEPR affects_activity of JAK2 via phosphorylation 32733634 Mus musculus Diabetes mellitus, type II; Insulin resistance

JAK2 affects_activity of AMPK via phosphorylation 32733634 Mus musculus Diabetes mellitus, type II; Insulin resistance

NOTCH1 decreases_expression of PPARGC1A in renal tubular epithelial cells 28751525 Mus musculus Chronic kidney disease

NOTCH1 decreases expression of CPT1A 28751525 Mus musculus Chronic kidney disease

NOTCH1 decreases expression of BCL2 28751525 Mus musculus Chronic kidney disease

NOTCH1 decreases_activity of fatty acid beta-oxidation 28751525 Mus musculus Chronic kidney disease

Angiostatin decreases_expression of BCL2 19465692 Mus musculus Cancer

Angiostatin increases_expression of THBS1 19465692 Mus musculus Cancer

Angiostatin interacts (colocalizes) with MDH2 in mitochondria 19465692 Mus musculus Cancer

Angiostatin decreases quantity of ATP

in HUVEC cells, in A2058 tumor 

cells 19465692 Homo sapiens Cancer

Angiostatin affects_activity of oxidative phosphorylation in HUVEC cells 19465692 Homo sapiens Cancer

IGFBP2 affects_expression of BCL2 21821709 Mus musculus Cancer

IGFBP6 increases_expression of BCL2 in neurons 28044240 Rattus norvegicus Cardiovascular disease

Tetradecanoylcarnitine increases_expression of PTGS2 in RAW 264.7 macrophages 24760988 Mus musculus Diabetes mellitus, type II; Insulin resistance

Palmitoylcarnitine C16 increases expression of PTGS2 in RAW 264.7 macrophages 24760988 Mus musculus Diabetes mellitus  type II  Insulin resistance

Stearoylcarnitine increases expression of PTGS2 in RAW 264.7 macrophages 24760988 Mus musculus Diabetes mellitus  type II  Insulin resistance

Tetradecanoylcarnitine increases_expression of IL6 in RAW 264.7 macrophages 24760988 Mus musculus Diabetes mellitus, type II; Insulin resistance

Tetradecanoylcarnitine increases_quantity of Reactive oxygen species in RAW 264.7 macrophages 24760988 Mus musculus Diabetes mellitus, type II; Insulin resistance

Tetradecanoylcarnitine increases_activity of inflammatory response in RAW 264.7 macrophages 24760988 Mus musculus Diabetes mellitus, type II; Insulin resistance

CDC14A affects_activity of cilium assembly in hTERT-RPE1 cells 30467237 Homo sapiens Ciliopathy

PPARA increases activity of cilium assembly

in RPE1 cells, in A549 cells, in 

HK2 cells 29771182 Homo sapiens Ciliopathy

PPARA increases_activity of autophagy

in RPE1 cells, in A549 cells, in 

HK2 cells 29771182 Homo sapiens Ciliopathy

PPARA increases_activity of autophagy 29771182 Mus musculus Ciliopathy

autophagy increases_activity of cilium assembly 29771182 Mus musculus Ciliopathy

Palmitic acid decreases expression of SOD2 in monocytes 21035442 Homo sapiens Diabetes mellitus  type II  Insulin resistance

Oleic acid decreases expression of SOD2 in monocytes 21035442 Homo sapiens Diabetes mellitus  type II  Insulin resistance

Carnitine decreases_activity of NADPH oxidase complex in L-NAME-treated animals 23223967 Rattus norvegicus Cardiovascular disease

Angiotensin II increases_expression of CST3 in aortic smooth muscle cells 31668507 Homo sapiens Cardiovascular disease

Angiotensin II increases_activity of EGFR in glomerular mesangial cells via phosphorylation 11737589 Mus musculus Chronic kidney disease

Angiotensin II increases_activity of NADPH oxidase complex in kidney 28402446 Mammalia

Diabetes mellitus, type II; Insulin resistance; 

Nephropathy, diabetic

SREBF1c increases_expression of FASN in liver 10940327 Mammalia

Diabetes mellitus, type I; Diabetes mellitus, 

type II; Hypothyroidism; Insulin resistance

LEP increases_activity of LEPR in hypothalamus 8782827 Mus musculus Diabetes mellitus, type II; Insulin resistance

ACSL1 decreases quantity of Oleic acid in kidney  in mitochondria

via increased fatty acid beta-

oxidation 33013450 Mammalia Nephropathy  diabetic

ACSL1 decreases_quantity of Palmitic acid in kidney, in mitochondria

via increased fatty acid beta-

oxidation 33013450 Mammalia Nephropathy, diabetic
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TNF interacts (colocalizes) with TNFRSF1A 15842589 Homo sapiens Inflammatory bowel disease

TNF interacts (colocalizes) with TNFRSF1B 15842589 Homo sapiens Inflammatory bowel disease

TNFRSF1A increases_activity of NF-kappaB complex

after binding with TNF-

alpha 15842589 Homo sapiens Inflammatory bowel disease

NF-kappaB complex increases_expression of IL6 31942046 Mammalia Nephropathy, diabetic

ADIPOQ decreases_expression of IL6

via decreased NF-kappaB 

activity 30181742 Mammalia Chronic kidney disease

RETN increases_activity of NF-kappaB complex 30181742 Mammalia Chronic kidney disease

RETN increases_expression of IL6 30181742 Mammalia Chronic kidney disease

AMH affects_activity of NF-kappaB complex in lung cancer 27396341 Mus musculus Cancer

FCN3 increases_activity of

complement activation, 

lectin pathway 11907111 Homo sapiens Hematological; Immunological

HAVCR2 increases_activity of macrophage activation 30862474 Mus musculus Nephropathy, diabetic

RELT increases_activity of NF-kappaB complex 11313261 Homo sapiens Hematological

CTSH increases_activity of

toll-like receptor 3 

signaling pathway in splenocytes 29470604 Mus musculus

Immunological; Multiple 

sclerosis

AGK increases_activity of NF-kappaB complex

in Huh-7 and PLC 

heaptocellular 

carcinoma cells 25474138 Homo sapiens

Cancer; Hepatocellular 

carcinoma

B2M is_part_of MHC class I complex 31253869 Mammalia Lung cancer; Immunological

C1QBP increases_activity of complement activation 11859136 Mammalia Inflammation; Immunological

C1QBP affects_activity of T cell activation 16177118 Mammalia Immunological

C1QBP affects_activity of

toll-like receptor 4 

signaling pathway

in macrophages and 

dendritic cells via activation of PI3K 16177118 Homo sapiens Immunological

innate immune response increases_activity of complement activation 16177118 Mammalia Immunological

EFNA5 affects_expression of TNF

in ovarian granulosa 

cells 29619874 Mus musculus Infertility

dendritic cell differentiation affects_quantity of CST3 15829557 Homo sapiens Immunological

CST3 decreases_activity of CTSH 3202963 Homo sapiens Metabolic

CLEC4M increases_activity of

complement activation, 

lectin pathway 16978536 Mammalia Immunological

EPHA2 decreases_activity of NLRP3

in airway epithelial 

cells via Tyr phosphorylation 32352641 Mus musculus Inflammation; Lung disease

EGFR increases_activity of

toll-like receptor 3 

signaling pathway 22810896 Homo sapiens Immunological

GHR increases_activity of NLRP3 inflammasome 26876170 Mus musculus Immunological

macrophage activation increases_expression of IGF2R 30657605 Mus musculus Immunological

B2M interacts (colocalizes) with HLA-G 22802125 Mammalia Immunological

KIR2DL4 interacts (colocalizes) with HLA-G 10190900 Homo sapiens Immunological

MASP1 increases_activity of

complement activation, 

lectin pathway 24935208 Mammalia Hematological; Immunological

MED1 increases_expression of PPARG in macrophages 28642237 Mus musculus Atherosclerosis; Cardiovascular

PPARG affects_activity of macrophage activation 28642237 Mus musculus Atherosclerosis; Cardiovascular

toll-like receptor 4 signaling 

pathway increases_quantity of MMP1

in U937 mononuclear 

cells 21952248 Homo sapiens Obesity; Immunological

innate immune response increases activity of

toll-like receptor 4 

signaling pathway 21952248 Homo sapiens Obesity  Immunological

DUSP11 interacts (colocalizes) with MAP3K7 in macrophages after stimulation with LPS 32796023 Mus musculus Immunological

toll-like receptor 4 signaling 

pathway increases_activity of MAP3K7 32796023 Mammalia Immunological

toll-like receptor 4 signaling 

pathway increases_activity of NOTCH1

in podocytes of IgAN 

patients after stimulation with LPS 29230705 Homo sapiens Renal; Immunological

NOTCH1 increases_activity of NF-kappaB complex in podocytes after stimulation with LPS 29230705 Homo sapiens Renal; Immunological

SCARF1 increases_activity of

toll-like receptor 4 

signaling pathway 25767073 Mammalia Immunological

SCARF1 increases_activity of

toll-like receptor 3 

signaling pathway 25767073 Mammalia Immunological

toll-like receptor 4 signaling 

pathway increases_activity of NF-kappaB complex 25767073 Mammalia Immunological

toll-like receptor 3 signaling 

pathway increases_activity of NF-kappaB complex 25767073 Mammalia Immunological

TNFRSF19 affects_activity of NF-kappaB complex

in colorectal cancer 

cell lines 24623448 Homo sapiens Cancer; Inflammation

NF-kappaB complex increases_quantity of IL6 23664135 Mammalia Immunological

NF-kappaB complex increases_quantity of TNF 23664135 Mammalia Immunological

DUSP11 decreases_activity of macrophage activation after stimulation with LPS 32796023 Mus musculus Immunological

HAVCR2 decreases_quantity of NLRP3

via downregulation of ROS 

production, in NASH mice 29735977 Mus musculus Immunological

NLRP3 increases_activity of NLRP3 inflammasome 29735977 Mus musculus Immunological

innate immune response increases_activity of macrophage activation 28760771 Mammalia Nephropathy, diabetic

innate immune response increases_activity of NLRP3 inflammasome 28760771 Mammalia Nephropathy, diabetic

innate immune response increases_activity of

toll-like receptor 3 

signaling pathway 25309543 Mammalia Immunological

innate immune response increases_activity of

toll-like receptor 4 

signaling pathway 25309543 Mammalia Immunological
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Supplementary Table 10. Interaction of connected edges in T2DCKDadipo and the based 

literatures. 

Abbreviations: T2DCKDadipo, T2D-related CKD subnetwork of adipokine influence. 

innate immune response increases_activity of

complement activation, 

lectin pathway 28760771 Mammalia Nephropathy, diabetic

MCM3 increases_activity of NF-kappaB complex 31208444 Homo sapiens Cancer

complement C1q interacts (colocalizes) with C1QBP 11859136 Mammalia Inflammation; Immunological

TNF increases_expression of PAPPA in mesangial cells 27519211 Homo sapiens Nephropathy, diabetic

IL2 increases_quantity of KIR2DL4

on the surface of NK 

cells 14500636 Homo sapiens Immunological

KIR2DL4 interacts (colocalizes) with HLA-G 22934097 Mammalia Immunological

IL2 increases_activity of T cell activation

in peripheral blood 

mononuclear cells 3110074 Homo sapiens

Immunological; Diabetes 

mellitus

IL19 increases_activity of

dendritic cell 

differentiation 15827959 Homo sapiens Immunological

IL22 decreases_activity of NLRP3 inflammasome 28726774 Mus musculus Renal; Immunological

toll-like receptor 4 signaling 

pathway increases_quantity of IL22 from dendritic cells 24459235 Mus musculus Inflammation; Immunological

IL22RA1 interacts (colocalizes) with IL22 24459235 Mus musculus Inflammation; Immunological

toll-like receptor 4 signaling 

pathway increases_quantity of TNF 28933050 Mammalia Nephropathy, diabetic

IL19 increases_quantity of TNF in monocytes 12370360 Mus musculus Inflammation

IL19 increases_quantity of TNF in human HepG2cells 23468852 Mammalia Renal

ADIPOQ interacts (colocalizes) with CD93

via binding to C1qRp, the 

receptor for C1q 10961870 Homo sapiens Immunological

CD93 interacts (colocalizes) with complement C1q 10961870 Homo sapiens Immunological

macrophage activation increases activity of TFE3

in nucleus, in RAW-

264 7 cells, in bone 

marrow-derived 

macrophages, in 

microglia 27171064 Mus musculus Bacterial infection

LEPR increases_activity of T cell activation 25917102 Mus musculus Immunological

HLA-G affects_activity of T cell activation

in response to activation 

via KIR2DL4 22934097 Mammalia Immunological

IL2 increases_activity of T cell activation via activation of STAT5 29619880 Homo sapiens

Immunological; Chronic kidney 

disease

toll-like receptor 4 signaling 

pathway increases_activity of TFE3 in RAW-264 7 cells 27171064 Mus musculus Bacterial infection

TFE3 affects expression of TNF in RAW-264 7 cells 27171064 Mus musculus Bacterial infection

IL6 affects_activity of T cell activation 28363692 Mammalia Nephropathy, diabetic

TNFRSF1B increases_activity of NF-kappaB complex

in peripheral blood 

mononuclear cells 30104686 Homo sapiens Inflammation

TNF increases_expression of LAYN

in renal tubular 

epithelia 26410531 Mus musculus Chronic kidney disease

TNF increases_expression of LAYN in KMRC-1 cells 26410531 Homo sapiens Chronic kidney disease

TNF increases_expression of NEURL3

in alveolar epithelial 

type II cells (T7 

cells) 15936721 Mus musculus Lung disease

NEURL3 affects_activity of Notch signaling pathway in embryonic lungs 25904058 Mus musculus Lung disease; Developmental

TTF2 interacts (colocalizes) with CDC5L in HeLa cells 12927788 Homo sapiens Cancer

CDC5L interacts (colocalizes) with ATR

in HeLa and HCT-

116 cells 19633697 Homo sapiens Cancer

ATR increases_activity of DNA damage checkpoint 15210935 Mammalia Metabolic

MCM3 increases_activity of DNA damage checkpoint 15210935 Homo sapiens Cancer

ATR affects_activity of MCM3 15210935 Homo sapiens Cancer

ATR increases_activity of DNA damage checkpoint

in nucleus and 

mitochondria 32984322 Mammalia Cancer

ADIPOQ increases_expression of ARG1

in the stromal 

vascular fraction 

cells of adipose 

tissue 20028977 Mus musculus Inflammation

ADIPOQ affects_activity of macrophage activation

in the stromal 

vascular fraction 

cells of adipose 

tissue 20028977 Mus musculus Inflammation

ADIPOQ increases_quantity of ARG1

in the stromal 

vascular fraction 

cells of adipose 

tissue 20028977 Mus musculus Inflammation

macrophage activation increases_quantity of ARG1

in renal tissue and 

serum 32179955

Rattus 

norvegicus Renal

ATR increases_activity of DNA damage checkpoint

in proximal tubule 

cells 31589169 Homo sapiens Inflammation; Renal

FSTL3 increases_activity of macrophage activation 31815869 Mus musculus Cardiovascular disease

FCN3 interacts (colocalizes) with MASP1 11907111 Homo sapiens Hematological; Immunological

TNF increases_quantity of KDR 9705358 Homo sapiens Amyotrophic lateral sclerosis
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LEP increases activity of fatty acid beta-oxidation

in adipose tissue, in liver, in 

muscle, in pancreas, in 

pancreatic islet 10940327 Mammalia

Diabetes mellitus, type II; Insulin resistance; 

Diabetes mellitus  type I  Hypothyroidism

hyperglycemia decreases expression of LEPR in adipose tissue 15536073 Mus musculus Diabetes mellitus  type II  Insulin resistance

LEP decreases_activity of hyperglycemia 7624776 Mus musculus

Diabetes mellitus, type II; Obesity; Insulin 

resistance

LEP increases_activity of LEPR in hypothalamus 8782827 Mus musculus Diabetes mellitus, type II; Insulin resistance

SOD2 affects_activity of

abnormal mitochondrial 

physiology 22138560 Mammalia

Glaucoma, primary open angle; Diabetes 

mellitus, type II; Insulin resistance; 

Developmental

hyperglycemia decreases_quantity of ADIPOQ 24167545 Homo sapiens Diabetes mellitus, type II; Insulin resistance

SOD2 decreases_quantity of Reactive oxygen species 22117616 Mammalia

Diabetes mellitus, type II; Insulin resistance; 

Cancer

RETN decreases_activity of AMPK 25841249 Mammalia Diabetes mellitus, type II; Insulin resistance

TNF interacts (colocalizes) with TNFRSF1A 15842589 Homo sapiens Inflammatory bowel disease

TNF interacts (colocalizes) with TNFRSF1B 15842589 Homo sapiens Inflammatory bowel disease

ACSL1 increases_activity of

long-chain fatty-acyl-CoA 

biosynthetic process 24853887 Mammalia

Diabetes mellitus, type II; Cardiovascular 

disease; Insulin resistance; Cancer

LEP increases_expression of IGFBP2 20074524 Mus musculus Diabetes mellitus, type II; Insulin resistance

IGFBP2 decreases activity of hyperglycemia 20074524 Mus musculus Diabetes mellitus  type II  Insulin resistance

ADIPOQ increases_activity of AMPK via ADIPOR1 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

ADIPOQ decreases_quantity of Reactive oxygen species

via ADIPOR1 and 

AMPK 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

ADIPOQ decreases_activity of abnormal podocyte physiology 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

ADIPOQ decreases_activity of NADPH oxidase complex in kidney 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

ADIPOQ decreases_activity of NF-kappaB complex in kidney 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

Angiotensin II increases_activity of NF-kappaB complex in kidney 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

ADIPOQ decreases_expression of FN1 in kidney 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

hyperglycemia increases_activity of NADPH oxidase complex in mesangial cells 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

ADIPOQ increases expression of NOS3 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic  Insulin resistance

ADIPOQ affects_activity of lipid metabolic process 28402446 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

Nephropathy, diabetic increases_quantity of RETN in blood serum 32173772 Homo sapiens

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

ADIPOQ decreases_expression of TNF

via decreased NF-

kappaB activity 30181742 Mammalia Chronic kidney disease

ADIPOQ decreases expression of IL6

via decreased NF-

kappaB activity 30181742 Mammalia Chronic kidney disease

LEPR increases activity of TGFB1 30181742 Mammalia Chronic kidney disease

LEPR increases_quantity of Collagen IV 30181742 Mammalia Chronic kidney disease

LEPR increases_activity of Phosphatidylinositol 3-kinase 30181742 Mammalia Chronic kidney disease

RETN increases_expression of VCAM1 30181742 Mammalia Chronic kidney disease

ADIPOQ decreases_expression of VCAM1 30181742 Mammalia Chronic kidney disease

RETN increases_activity of NF-kappaB complex 30181742 Mammalia Chronic kidney disease

RETN increases_expression of IL6 30181742 Mammalia Chronic kidney disease

RETN increases_expression of TNF 30181742 Mammalia Chronic kidney disease

MMP1 increases_quantity of VEGFA

in retinal microvascular 

endothelial cells 27261371 Homo sapiens Retinopathy, diabetic

hyperglycemia decreases_expression of SOD2 in mesangial cells 26052839 Homo sapiens Renal

Angiotensin II increases_expression of CST3 in aortic smooth muscle cells 31668507 Homo sapiens Cardiovascular disease

VCAM1 increases_activity of

decreased renal glomerular 

filtration rate 32953797 Homo sapiens Nephropathy, diabetic

NADPH oxidase 

complex increases_quantity of Reactive oxygen species 32098346 Mammalia

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

Nephropathy, obesity-

related decreases expression of ACSL1 in kidney 31488013 Homo sapiens Obesity

ACSL1 affects_activity of lipidosis in HK-2 cells 31488013 Homo sapiens Obesity

ADIPOQ increases_activity of ACSL1 in 3T3-L1 adipocytes 20667975 Mus musculus Diabetes mellitus, type II; Insulin resistance

ACSL1 increases_activity of AMPK in 3T3-L1 adipocytes 20667975 Mus musculus Diabetes mellitus, type II; Insulin resistance

Insulin increases activity of ACSL1 in 3T3-L1 adipocytes via FATP1 and ACSL1 20667975 Mus musculus Diabetes mellitus  type II  Insulin resistance

RETN decreases_activity of AMPK in L6 myoblast cells

via decreased 

phosphorylation 16137686

Rattus 

norvegicus

Diabetes mellitus, type II; Obesity; Insulin 

resistance

ACSL1 increases_activity of fatty acid beta-oxidation 20620995 Mus musculus Diabetes mellitus, type II; Insulin resistance

hyperglycemia increases_expression of IGFBP2 in MES-13 cells 18392786 Mus musculus Nephropathy, diabetic

Angiotensin II increases_expression of IGFBP2 in MES-13 cells 18392786 Mus musculus Nephropathy, diabetic

ADIPOQ affects_quantity of ESAM 29804241 Homo sapiens Diabetes mellitus, type II; Insulin resistance

hyperglycemia decreases_activity of ESAM 19323980 Mus musculus Nephropathy, diabetic

ESAM affects activity of

abnormal glomerular filtration 

barrier function 19323980 Mus musculus Nephropathy  diabetic

Nephropathy, diabetic increases_quantity of Luteinizing hormone 32475064 Homo sapiens

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

Luteinizing hormone increases_activity of macroalbuminuria 32475064 Homo sapiens

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

Luteinizing hormone affects_quantity of VEGFA in kidney 32065170 Mammalia Nephropathy, diabetic

ADIPOQ decreases_quantity of Luteinizing hormone in LbetaT2 cells 18006641 Mus musculus Diabetes mellitus, type II; Insulin resistance

ADIPOQ increases_expression of MMP1 in dermal fibroblasts 24407161 Homo sapiens Graft-versus-host disease

CST3 interacts (colocalizes) with ADIPOQ 28321013 Homo sapiens Cardiovascular disease



150 

 

  

 

Supplementary Table 11. Interaction of connected edges in T2DCKDras and the based liter-

atures. 

Abbreviations: T2DCKDras, T2D-related CKD subnetwork of renin-angiotensin system dysfunction. 

 

ADIPOQ increases_expression of SOD2 in monocytes 21035442 Homo sapiens Diabetes mellitus, type II; Insulin resistance

TFE3 affects_expression of ADIPOQ 28483914 Mus musculus Diabetes mellitus, type II; Insulin resistance

ACE affects_quantity of ADIPOQ in blood plasma 15711099 Homo sapiens

Diabetes mellitus, type II; Nephropathy, 

diabetic; Insulin resistance

TFE3 affects expression of IL6

in bone marrow-derived 

macrophages 27171064 Mus musculus Bacterial infection

LEPR interacts (colocalizes) with LEP 30181742 Mammalia Chronic kidney disease

FSTL3 increases_activity of lipidosis in macrophages 31815869 Mus musculus Cardiovascular disease

LEP increases_expression of PNLIPRP2 in AR4-2J cells 17010228

Rattus 

norvegicus Cancer

ACE increases quantity of Angiotensin II 20809236 Mammalia

Retinopathy, diabetic; Diabetes mellitus, type 

II; Cardiovascular disease; Nephropathy, 

diabetic; Neuropathy, diabetic; Myocardial 

infarction; Insulin resistance; Stroke, 

ischemic

FSTL3 increases_quantity of TNF in macrophages 31815869 Mus musculus

  

Cardiovascular disease

Subject Interaction type Object Arg_loc Arg_Mod PMID Organism Disease

ACE increases_quantity of Angiotensin II 20809236 Mammalia

Retinopathy, diabetic; Diabetes mellitus, type II; 

Cardiovascular disease; Nephropathy, diabetic; 

Neuropathy, diabetic; Myocardial infarction; Insulin 

resistance; Stroke, ischemic

Angiotensin (1-7) decreases_expression of IL6 in cardiac muscle 19166939 Rattus norvegicus Diabetes mellitus, type II; Insulin resistance

Angiotensin II increases_expression of FN1 via CYBB 16720735 Mus musculus Diabetes mellitus, type II; Insulin resistance

Aldosterone increases_expression of FN1 via CYBB 16720735 Mus musculus Diabetes mellitus, type II; Insulin resistance

ABCB1 increases transport of Aldosterone 21967062 Mammalia Diabetes mellitus  type II  Insulin resistance

IGFBP2 decreases activity of hyperglycemia 20074524 Mus musculus Diabetes mellitus  type II  Insulin resistance

Angiotensin II increases_expression of IGF2R via AGTR1 24786827 Rattus norvegicus Cardiovascular disease

Angiotensin II interacts (colocalizes) with AGTR2 in HEK293 cells 21542804 Homo sapiens Cardiovascular disease

REN increases activity of IGF2R 30934934 Mammalia

Diabetes mellitus, type II; Cardiovascular disease; 

Insulin resistance

IGF2R increases_transport of Prorenin

from extracellular space into cell, in 

cardiomyocytes, in fibroblasts, in vascular 

smooth muscle cells 30934934 Mammalia

Diabetes mellitus, type II; Cardiovascular disease; 

Insulin resistance

Angiotensin II increases_quantity of PLAT in extracellular space 12091055 Homo sapiens Cardiovascular disease

Angiotensin (1-7) decreases_quantity of PLAT in extracellular space 12091055 Homo sapiens Cardiovascular disease

AGTR1 increases quantity of Aldosterone in adrenal glomerulosa cells 1338730 Rattus norvegicus Chronic kidney disease

AGTR1 increases_activity of EGFR 31525726 Mammalia Obesity; Cancer

hyperglycemia increases_expression of KDR 16436494 Bos taurus Cardiovascular

Angiotensin II increases_expression of KDR in podocytes 26063200 Homo sapiens Nephropathy, diabetic

hyperglycemia increases_quantity of PLAT mesangial cells 7924884 Homo sapiens Nephropathy, diabetic

AMH affects quantity of Prorenin in pregnancy 32853347 Homo sapiens Preeclampsia

AGTR1 affects expression of FN1 in mesangial cells 15569303 Rattus norvegicus Nephropathy  diabetic

ABCB1 affects_activity of REN in blood plasma 17372036 Homo sapiens Cardiovascular disease

CTSH increases_activity of REN 6756687 Homo sapiens Cardiovascular disease

Angiotensin II increases_expression of CTSV in aortic smooth muscle cells 31668507 Homo sapiens Cardiovascular disease

Angiotensin II increases_expression of CST3 in aortic smooth muscle cells 31668507 Homo sapiens Cardiovascular disease

Angiotensin II increases expression of FN1 in glomerular mesangial cells 11737589 Mus musculus Chronic kidney disease

EGFR affects_expression of FN1 in glomerular mesangial cells 11737589 Mus musculus Chronic kidney disease

Angiotensin II increases_activity of EGFR in glomerular mesangial cells via phosphorylation 11737589 Mus musculus Chronic kidney disease

ERBB3 interacts (colocalizes) with AGTR2 10710290 Homo sapiens Cardiovascular disease

Angiotensin (1-7) decreases_activity of EGFR in aortic smooth muscle cells via MAS1 26536590 Rattus norvegicus Diabetes mellitus, type II; Insulin resistance

Angiotensin (1-7) decreases activity of ERBB3 in aortic smooth muscle cells 26536590 Rattus norvegicus Diabetes mellitus  type II  Insulin resistance

hyperglycemia increases activity of ERBB3 in aortic smooth muscle cells 26536590 Rattus norvegicus Diabetes mellitus  type II  Insulin resistance

hyperglycemia increases_quantity of FN1 in MES-13 cells 18392786 Mus musculus Nephropathy, diabetic

Angiotensin II increases_expression of IGFBP2 in MES-13 cells 18392786 Mus musculus Nephropathy, diabetic

ACE affects_expression of EPHA2 18463147 Rattus norvegicus Cardiovascular disease

Luteinizing hormone increases quantity of Aldosterone 24297486 Homo sapiens Cardiovascular disease

GHR affects quantity of Angiotensin (1-7) in heart  in kidney 22947377 Mus musculus Cardiovascular disease

GHR affects_quantity of MAS1 in heart, in kidney 22947377 Mus musculus Cardiovascular disease

GHR affects_quantity of ACE2 in heart, in kidney 22947377 Mus musculus Cardiovascular disease

GHR affects_quantity of AGTR1 in heart, in kidney 22947377 Mus musculus Cardiovascular disease

Angiotensin II decreases expression of MMP1 in cardiac fibroblasts  in cardiac myocytes 18296491 Homo sapiens Cardiovascular disease

Angiotensin II increases_expression of MMP1 in cardiac myocytes 18296491 Homo sapiens Cardiovascular disease

Angiotensin II increases_activity of NTRK2 28549782 Rattus norvegicus Cardiovascular disease

Angiotensin II increases_activity of RET 19961928 Mus musculus Developmental

ACE affects_activity of RPS6KA5 in kidney 21377515 Rattus norvegicus Cardiovascular disease

AGTR1 affects activity of RPS6KA5 in kidney 21377515 Rattus norvegicus Cardiovascular disease

Angiotensin (1-7) increases expression of SOD2 in cardiomyocytes 28411231 Rattus norvegicus Cardiovascular disease

ACE affects_quantity of ADIPOQ in blood plasma 15711099 Homo sapiens

Diabetes mellitus, type II; Nephropathy, diabetic; 

Insulin resistance

ERBB3 interacts (colocalizes) with EGFR 24520092 Homo sapiens Cancer

Angiotensin II increases_activity of AGTR1 25003613 Mammalia Nephropathy, diabetic

ACE2 decreases quantity of Angiotensin II 30978131 Mammalia Cardiovascular disease

ACE decreases_quantity of Angiotensin I in kidney 19065132 Mammalia Nephropathy, diabetic

Renin increases_quantity of Angiotensin I 10585461 Mammalia Nephropathy, diabetic

Prorenin increases_quantity of Renin 12684512 Homo sapiens Nephropathy, diabetic

hyperglycemia decreases_expression of SOD2 in mesangial cells 26052839 Homo sapiens Renal

hyperglycemia increases activity of EGFR via phosphorylation 16105029 Homo sapiens Nephropathy  diabetic

Angiotensin (1-7) increases activity of MAS1 in HEK293 cells 27217404 Homo sapiens Cardiovascular disease

ACE2 increases_quantity of Angiotensin (1-7) in kidney at neutral to basic pH 23392115 Mus musculus Endocrine
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Supplementary Table 12. Interaction of connected edges in T2DCKDfibri and the based lit-

eratures. 

Abbreviations: T2DCKDfibri, T2D-related CKD subnetwork of extracellular matrix deposition and renal fibrosis. 

 

  

Subject Interaction type Object Arg loc Arg Mod PMID Organism Disease

TNFRSF1A affects_expression of VEGFA 18413601 Mus musculus Amyotrophic lateral sclerosis

TNF interacts (colocalizes) with TNFRSF1A 15842589 Homo sapiens Inflammatory bowel disease

TNF interacts (colocalizes) with TNFRSF1B 15842589 Homo sapiens Inflammatory bowel disease

TNFRSF1B affects_activity of TNFRSF1A

by mediating the binding of TNF to 

TNFRSF1A 15842589 Homo sapiens Inflammatory bowel disease

ACY1 affects_activity of TGFB1 28454420 Homo sapiens Colorectal cancer

Thrombin decreases_quantity of Fibrinogen 32348783 Mammalia COVID-19; Cardiovascular disease

Thrombin increases_quantity of Fibrin 32348783 Mammalia COVID-19; Cardiovascular disease

Fibrinogen increases quantity of Fibrin via proteolytic activity of thrombin 32348783 Mammalia COVID-19; Cardiovascular disease

Plasminogen increases quantity of Plasmin

via proteolytic activity of PLAT and 

PLAU 32348783 Mammalia COVID-19; Cardiovascular disease

PLAT increases_quantity of Plasmin together with PLAU 32348783 Mammalia COVID-19; Cardiovascular disease

PLAT decreases quantity of Plasminogen together with PLAU 32348783 Mammalia COVID-19; Cardiovascular disease

SPOCK2 decreases expression of MMP2

in HEC-1A cells, in Ishikawa 

cells 30832559 Homo sapiens Cancer

ADIPOQ decreases expression of FN1 in kidney 28402446 Mammalia

Nephropathy, diabetic; Insulin resistance; 

Diabetes mellitus  type II

KDR interacts (colocalizes) with VEGFA in CMT-3 cells 1417831 Canis lupus familiaris Cardiovascular

hyperglycemia increases expression of KDR 16436494 Bos taurus Cardiovascular

Thrombin increases_expression of KDR in aortic endothelial cells 11807828 Bos taurus Cardiovascular

Thrombin increases_expression of KDR

in umbilical vein endothelial 

cells 10446165 Homo sapiens Cardiovascular

PLAT increases_quantity of Plasmin 7924884 Mammalia Nephropathy, diabetic

ADAMTS13 decreases quantity of Fibrinogen in plasma 28495930 Mus musculus Nephropathy  diabetic

ADAMTS13 decreases_quantity of FN1 in the glomerular compartment 28495930 Mus musculus Nephropathy, diabetic

Thrombin increases quantity of FN1 in mesenchymal stem cells 24636778 Homo sapiens Hematological

TGFB increases expression of NOTCH1

in cultured murine tubular 

epithelial cells. 26119175 Mammalia Nephropathy  diabetic

IGF2R interacts (colocalizes) with Plasminogen 22613725 Mammalia Hematological

IGF2R increases quantity of Plasmin 22613725 Mammalia Hematological

FSTL3 decreases_quantity of FN1 in mesangial cells under high-glucose condition 26629006 Rattus norvegicus Nephropathy, diabetic

FCN3 interacts (colocalizes) with MASP1 11907111 Homo sapiens Hematological; Immunological

Carnosine decreases quantity of FN1 in podocytes 16046297 Homo sapiens

Nephropathy, diabetic; Diabetes mellitus, type 

II; Diabetes mellitus  type I

MMP1 decreases_quantity of Collagen 10703682 Mammalia Nephropathy, diabetic

MMP2 decreases_quantity of Collagen 10703682 Mammalia Nephropathy, diabetic

hyperglycemia increases expression of FN1 in mesangial cells 26052839 Homo sapiens Renal

TNFRSF1A affects_quantity of Fibrin in hepatocytes 20218879 Mus musculus Hematological

Laminin increases activity of extracellular matrix assembly 11801598 Mammalia Renal

LAMC1 is_part_of Laminin 11801598 Mammalia Renal

TFE3 increases expression of LAMC1 in mesangial cells together with SMAD3 11801598 Rattus norvegicus Renal

Collagen increases_activity of extracellular matrix assembly 10703682 Mammalia Nephropathy, diabetic

Fibrin increases activity of extracellular matrix assembly 25867016 Mammalia Hematological

FCN3 increases_activity of MASP1 11907111 Homo sapiens Hematological; Immunological

IGF2R interacts (colocalizes) with Plasminogen in monocytes 10092105 Homo sapiens Inflammation

CST3 decreases_activity of CTSB in cardiac fibroblasts 20489058 Rattus norvegicus Cardiovascular disease

CTSB decreases quantity of FN1 in cardiac fibroblasts 20489058 Rattus norvegicus Cardiovascular disease

FN1 increases_activity of extracellular matrix assembly in fibroblasts 20489058 Mammalia Cardiovascular disease

CTSV decreases quantity of Plasminogen in cornea 18163891 Homo sapiens Cardiovascular disease

CTSV decreases_quantity of ELN

in monocyte-derived 

macrophages 15192101 Homo sapiens Atherosclerosis; Cardiovascular disease

Plasmin decreases quantity of Fibrin 32348783 Mammalia COVID-19; Cardiovascular disease

C1QBP decreases_quantity of Fibrin 10075865 Homo sapiens Hematological

ELN increases activity of extracellular matrix assembly 24680817 Mammalia Cancer; Cardiovascular disease

extracellular matrix assembly increases_activity of fibrosis 29482391 Mammalia Liver disease, chronic

CNDP1 decreases_quantity of Carnosine in blood serum 16046297 Homo sapiens

Nephropathy, diabetic; Diabetes mellitus, type 

II; Diabetes mellitus, type I

TGFB1 increases expression of FN1 in diabetic kidney 8603776 Mus musculus Nephropathy  diabetic

BMP1 increases_quantity of Collagen 29482391 Mammalia Liver disease, chronic

MASP1 increases quantity of Fibrin in normal citrated plasma 22536427 Homo sapiens Hematological; Immunological

EGFR affects_expression of FN1 in glomerular mesangial cells 11737589 Mus musculus Chronic kidney disease

Angiostatin decreases quantity of Plasmin 19916923 Homo sapiens Hematological

Plasminogen increases_quantity of Plasmin through proteolytic activity of PLAT 28837538 Mammalia Cancer

Plasminogen increases quantity of Angiostatin 28837538 Mammalia Cancer

Angiostatin decreases activity of PLAT

in bovine aortic endothelial cells 

(BAEC), murine melanoma cells 

(B16F10) or human 

ovariancarcinoma cells (OVCA 

429) by binding to tPA (PLAT) 10229661 Mus musculus Cancer

PLAT increases_quantity of Plasmin 28837538 Mammalia Cancer

Angiostatin decreases activity of PLAT 21899046 Homo sapiens Hematological

MASP1 increases_quantity of Fibrin 24935208 Mammalia Hematological; Immunological

EPHA2 increases quantity of Laminin in HK-2 cells 27228995 Homo sapiens Chronic kidney disease

TGFB1 decreases_expression of PAX8 in FRTL-5 cells 11145590 Rattus norvegicus

IL22 decreases_quantity of FN1

in renal glomerular mesangial 

cells 28726774 Mus musculus Immunological; Renal

IL22RA1 interacts (colocalizes) with IL22 24459235 Mus musculus Inflammation; Immunological

hyperglycemia increases quantity of FN1

in renal glomerular mesangial 

cells 28726774 Mus musculus Immunological; Renal

TNFRSF19 interacts (colocalizes) with TGFBR1 in HEK293T cells 29735548 Homo sapiens Cancer

TNF increases_expression of LAYN in renal tubular epithelia 26410531 Mus musculus Chronic kidney disease

TGFB interacts (colocalizes) with TGFBR1 29735548 Homo sapiens Cancer

NOTCH1 increases_expression of FN1 28751525 Mus musculus Chronic kidney disease

Angiostatin decreases quantity of TGFB1 in kidney 16394111 Rattus norvegicus Nephropathy  diabetic

TGFB1 increases_quantity of FN1 16394111 Homo sapiens Renal

Angiostatin decreases_activity of TGFB1 16394111 Homo sapiens Renal

TGFA interacts (colocalizes) with EGFR 15064403 Mammalia Cancer

NKD2 increases_activity of TGFA

by accelerating TGFalpha processing 

and cell-surface delivery 15064403 Canis lupus familiaris Renal

SPINT1 decreases_activity of HGFAC

in serum-free cultured 

conditioned medium of a human 

gastric carcinoma cell line MKN

45 10219059 Mammalia Cancer
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Supplementary Table 13. Interaction of connected edges in T2DCKDage and the based lit-

eratures.  

Abbreviations: T2DCKDage, T2D-related CKD subnetwork of advanced glycation end products. 

  

 

HGFAC increases activity of HGF during kidney development 11032833 Mus musculus Developmental; Renal

TLN2 increases_activity of extracellular matrix assembly in NIH3T3 cells 22306379 Mus musculus Metabolic

TLN2 interacts (colocalizes) with LAYN 29723415 Homo sapiens Cancer; Metabolic

HGF decreases quantity of Collagen in glomeruli 15882257 Homo sapiens Renal

NOTCH1 increases_quantity of Collagen 28751525 Mus musculus Chronic kidney disease

hyperglycemia decreases expression of FSTL3  in mesangial cells 26629006 Rattus norvegicus Nephropathy  diabetic

hyperglycemia decreases_quantity of FSTL3  in mesangial cells 26629006 Rattus norvegicus Nephropathy, diabetic

TGFB1 increases_quantity of CST3

in profibrogenic hepatic 

stellate cells 16521186 Rattus norvegicus Inflammation

TGFB1 increases quantity of CST3 in smooth muscle cells 10545518 Homo sapiens Cardiovascular

Subject Interaction type Object Arg_loc Arg_Mod PMID Organism Disease

Reactive oxygen species increases_quantity of

Advanced glycation end-

product
10783895

Bos taurus

Insulin resistance; Diabetes 

mellitus, type II

hyperglycemia increases_quantity of

Advanced glycation end-

product
10082470

Mammalia

Insulin resistance; Diabetes 

mellitus, type II

hyperglycemia increases_quantity of Glycated hemoglobin
10082470

Mammalia

Insulin resistance; Diabetes 

mellitus, type II

AGER increases_activity of NF-kappaB complex
10082470

Mammalia

Insulin resistance; Diabetes 

mellitus, type II

Acetylcarnitine increases_quantity of Glycated hemoglobin
19369366

Homo sapiens

Insulin resistance; Diabetes 

mellitus, type II; Obesity

Advanced glycation end-

product increases_activity of Nephropathy, diabetic
26900135

Mammalia

Insulin resistance; Diabetes 

mellitus, type II; Obesity

AGER increases_quantity of Reactive oxygen species
22582044

Mammalia

Insulin resistance; Diabetes 

mellitus, type II

Advanced glycation end-

product

interacts (colocalizes) 

with AGER
31861217

Mammalia

Insulin resistance; Diabetes 

mellitus, type II

hyperglycemia increases_quantity of

Advanced glycation end-

product in T1D and in T2D
31861217

Mammalia

Insulin resistance; Diabetes 

mellitus, type II

Advanced glycation end-

product affects_quantity of AMH

in women habituated to 

high AGE consumption
31861217

Mammalia

Insulin resistance; Diabetes 

mellitus, type II

AMH affects_activity of NF-kappaB complex in lung cancer 27396341 Mus musculus Cancer

Advanced glycation end-

product increases_quantity of Angiotensin II
15569303

Rattus 

norvegicus Nephropathy, diabetic

Advanced glycation end-

product increases_expression of FN1 in mesangial cells
15569303

Rattus 

norvegicus Nephropathy, diabetic

HAVCR2 decreases_quantity of Reactive oxygen species

in nonalcoholic fatty liver 

disease
30862474

Mammalia Nephropathy, diabetic

HAVCR2 decreases_activity of NLRP3 inflammasome

in nonalcoholic fatty liver 

disease
30862474

Mammalia Nephropathy, diabetic

HAVCR2 affects_activity of NF-kappaB complex in macrophages 30862474 Mammalia Nephropathy, diabetic

Nephropathy, diabetic increases_quantity of HAVCR2 in renal macrophages 30862474 Mus musculus Nephropathy, diabetic

Advanced glycation end-

product increases_quantity of HAVCR2

in peritoneal macrophages 

and bone marrow cells
30862474

Mus musculus Nephropathy, diabetic

protein glycation increases_quantity of B2M-AGE

11792765

Homo sapiens

Insulin resistance; 

Nephropathy, diabetic; 

Diabetes mellitus, type II

B2MAGE increases_activity of

extracellular matrix 

disassembly

11792765

Homo sapiens

Insulin resistance; 

Nephropathy, diabetic; 

Diabetes mellitus, type II

B2MAGE increases_expression of TNF 8113390 Homo sapiens Chronic kidney disease

B2MAGE increases_expression of IL1B 8113390 Homo sapiens Chronic kidney disease

B2MAGE increases_activity of monocyte chemotaxis 8113390 Homo sapiens Chronic kidney disease

B2MAGE increases_expression of MMP1 in synovial fibroblasts 8113390 Homo sapiens Chronic kidney disease

B2MAGE increases_expression of TGFB1 in macrophages 10652049 Homo sapiens Chronic kidney disease

B2MAGE increases_expression of TNF in macrophages 10652049 Homo sapiens Chronic kidney disease

protein glycation increases_quantity of

Advanced glycation end-

product
22117616

Mammalia

Insulin resistance; Cancer; 

Diabetes mellitus, type II

Advanced glycation end-

product increases_quantity of Collagen IV

32098346

Mammalia

Insulin resistance; 

Nephropathy, diabetic; 

Diabetes mellitus, type II

Glycated hemoglobin increases_quantity of

Advanced glycation end-

product
10082470

Mammalia

Insulin resistance; Diabetes 

mellitus, type II

Nephropathy, diabetic increases_expression of AGER in kidney 24371263 Homo sapiens Nephropathy, diabetic

Advanced glycation end-

product affects_activity of Luteinizing hormone in KGN cells
28914097

Homo sapiens Polycystic ovary syndrome 1

Luteinizing hormone increases_activity of ERK1 and ERK2 cascade in KGN cells 28914097 Homo sapiens Polycystic ovary syndrome 1

Advanced glycation end-

product decreases_activity of ERK1 and ERK2 cascade in KGN cells
28914097

Homo sapiens Polycystic ovary syndrome 1

Advanced glycation end-

product increases_activity of NLRP3 inflammasome
28760771

Mammalia Nephropathy, diabetic
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Supplementary Table 14. Interaction of connected edges in T2DCKDangi and the based lit-

eratures. Abbreviations: T2DCKDangi, T2D-related CKD subnetwork of angiogenesis. 

 

Subject Interaction type Object Arg_loc Arg_Mod PMID Organism Disease

TNFRSF1A affects expression of VEGFA 18413601 Mus musculus Amyotrophic lateral sclerosis

TNF increases quantity of KDR 9705358 Homo sapiens Amyotrophic lateral sclerosis

IL6 increases_activity of angiogenesis 21912508 Mammalia

Cancer; Metabolic syndrome; Diabetes mellitus, 

type II; Insulin resistance

TNF interacts (colocalizes) with TNFRSF1A 15842589 Homo sapiens Inflammatory bowel disease

TNF interacts (colocalizes) with TNFRSF1B 15842589 Homo sapiens Inflammatory bowel disease

KDR interacts (colocalizes) with VEGFA in CMT-3 cells 1417831 Canis lupus familiaris Cardiovascular

KDR increases_activity of angiogenesis in CMT-3 cells 1417831 Canis lupus familiaris Cardiovascular

hyperglycemia increases_expression of KDR 16436494 Bos taurus Cardiovascular

MMP1 increases quantity of VEGFA

in retinal microvascular 

endothelial cells 27261371 Homo sapiens Retinopathy  diabetic

CTSV decreases quantity of Plasminogen in cornea 18163891 Homo sapiens Cardiovascular disease

CTSV decreases_activity of angiogenesis in cornea 18163891 Homo sapiens Cardiovascular disease

CTSH increases_activity of angiogenesis in pancreatic islet cell cancer 20731543 Mus musculus Cancer

NF-kappaB complex increases_expression of VEGFA 25474138 Mammalia Cancer; Hepatocellular carcinoma

AGK increases activity of angiogenesis

in Huh-7 and PLC heaptocellular 

carcinoma cells 25474138 Homo sapiens Cancer; Hepatocellular carcinoma

AGK increases_activity of NF-kappaB complex

in Huh-7 and PLC heaptocellular 

carcinoma cells 25474138 Homo sapiens Cancer; Hepatocellular carcinoma

NF-kappaB complex increases quantity of VEGFA

in Huh-7 and PLC heaptocellular 

carcinoma cells 25474138 Homo sapiens Cancer; Hepatocellular carcinoma

SEMA3E interacts (colocalizes) with PLXND1 19940264 Mammalia Hematological

SEMA3E decreases_activity of VEGFA in HUVECs 19940264 Homo sapiens Hematological

SEMA3E decreases_expression of DLL4 in retinal vasculature 21724832 Mus musculus Ophtalmological

DLL4 increases_activity of NOTCH1 17259973 Mus musculus Ophtalmological

NOTCH1 affects activity of angiogenesis together with DLL4 17259973 Mus musculus Ophtalmological

VEGFA increases expression of DLL4 in angiogenic sprouts 17296940 Mus musculus Ophtalmological

NOTCH1 affects_expression of KDR

in the subcutaneous site and 

femoral defect site after 6 weeks 

of surgery 29674611 Rattus norvegicus Bone

VEGFA increases_expression of DLL4 in HUVECs 21724832 Homo sapiens Ophtalmological

SEMA3E decreases expression of DLL4 in HUVECs 21724832 Homo sapiens Ophtalmological

VEGFA increases_expression of PLXND1 in angiogenic blood vessels 21724832 Mus musculus Ophtalmological

JAM2 increases_activity of VEGFA in HUVECs 25911611 Homo sapiens Hematological

ADIPOQ affects_activity of VEGFA

in coronary artery endothelial 

cells (HCAECs) 18267956 Homo sapiens Cardiovascular

ADAMTS13 increases expression of VEGFA in HUVECs 24950743 Homo sapiens Hematological

ADAMTS13 increases activity of KDR in HUVECs 24950743 Homo sapiens Hematological

Reactive oxygen species increases_activity of NF-kappaB complex 32098346 Mammalia

Nephropathy, diabetic; Diabetes mellitus, type II; 

Insulin resistance

Angiostatin decreases_activity of angiogenesis 21899046 Mammalia Cardiovascular

Angiostatin decreases activity of angiogenesis 19916923 Homo sapiens Hematological

Plasminogen increases quantity of Angiostatin 28837538 Mammalia Cancer

Angiostatin decreases activity of PLAT

in bovine aortic endothelial cells 

(BAEC), murine melanoma cells 

(B16F10) or human 

ovariancarcinoma cells (OVCA 

429) by binding to tPA (PLAT) 10229661 Mus musculus Cancer

IGFBP6 decreases_activity of angiogenesis in vascular endothelial cells 21618524 Homo sapiens Cancer

IGFBP6 decreases_activity of angiogenesis 30117676 Mammalia Inflammation

IL19 increases_activity of angiogenesis during inflammation 20966397 Homo sapiens Cardiovascular

IL19 increases activity of angiogenesis in isolated aortic rings also in the absence of hypoxia 27053520 Mus musculus Cardiovascular

EPHA2 decreases_activity of angiogenesis 16400034 Bos taurus

Retinopathy, diabetic; Diabetes mellitus, type II; 

Insulin resistance

LYL1 increases_expression of ANGPT2 in HUVECs 22792348 Homo sapiens Hematological

LYL1 increases_activity of angiogenesis in HUVECs 22792348 Homo sapiens Hematological

ESAM increases activity of angiogenesis 12819200 Mus musculus Cancer

HIF1A increases expression of VEGFA in breast cancer cells 21602890 Homo sapiens Breast cancer

PCGF2 interacts (colocalizes) with HIF1A in breast cancer cells 21602890 Homo sapiens Breast cancer

PAX8 decreases_activity of angiogenesis in gastric cancer cell lines 30021604 Homo sapiens Gastric cancer

Luteinizing hormone affects_quantity of VEGFA in kidney 32065170 Mammalia Nephropathy, diabetic

PCGF2 decreases_activity of angiogenesis in breast cancer cells

via lowering the level of HIF1-

alpha resultin in down-

regulation of VEGF 

transcription 21602890 Homo sapiens Breast cancer

CST3 decreases_quantity of VEGFA 28569795 Rattus norvegicus Neurological; Parkinson disease

NTRK2 affects expression of VEGFA in osteoblasts 28098876 Rattus norvegicus Bone

HIF1A increases expression of NTRK2 in Kelly cells 17374610 Homo sapiens Cancer

ERBB3 increases_quantity of VEGFA in HUVECs 31934129 Homo sapiens Cancer

FGF9 increases_expression of KDR

in ovarian cancer cell lines PA1, 

SKOV3 and IOSE 29904943 Homo sapiens Cancer

FGF9 increases expression of VEGFA

in ovarian cancer cell lines PA1, 

SKOV3 and IOSE 29904943 Homo sapiens Cancer

BMP1 affects_activity of GH1 in HEK293 cells 17548836 Homo sapiens Endocrine

GHR increases_activity of angiogenesis in renal cell carcinoma cells 30229899 Homo sapiens Cancer; Renal

GHR interacts (colocalizes) with GH1 30229899 Mammalia Cancer; Renal

SOD2 decreases quantity of Reactive oxygen species in wounds 30362661 Mus musculus Nephropathy  diabetic

HIF1A increases_quantity of IGFBP2

in FM-516 and WM-35 

melanoma cells 23233738 Homo sapiens Cancer

IGFBP2 increases_activity of angiogenesis in HuVECs 23233738 Homo sapiens Cancer

HIF1A increases_expression of IGFBP6 in vascular endothelial cells 21618524 Homo sapiens Cancer

hypoxia increases activity of HIF1A in vascular endothelial cells 21618524 Homo sapiens Cancer

IGF2R interacts (colocalizes) with Plasminogen in serum 21273553 Homo sapiens Cardiovascular

Plasminogen increases_activity of angiogenesis in thoracic aortas 11557572 Mus musculus Cardiovascular

PLAT increases_activity of angiogenesis in thoracic aortas 11557572 Mus musculus Cardiovascular

Angiostatin decreases_activity of angiogenesis 20687922 Mammalia Nephropathy, diabetic

IGF2R affects activity of angiogenesis in HUVECs 21273553 Homo sapiens Cardiovascular

ANGPT2 increases activity of angiogenesis in HUVECs 22792348 Homo sapiens Hematological

BMP1 affects_activity of angiogenesis in HUVECs

via production of PRL-

fragments 17548836 Homo sapiens Endocrine

TNFRSF1B affects expression of VEGFA in adenocarcinoma SW1116 cells 26693061 Homo sapiens Cancer

PLAT increases_activity of Plasminogen

via conversion of inactive 

plasminogen to active plasmin 28837538 Mammalia Cancer

IL22RA1 increases_activity of angiogenesis in muscle 30236983 Mus musculus Cardiovascular disease

HIF1A decreases_expression of SOD2 in kidney cell line 23611775 Homo sapiens Cancer; Renal

EPHA2 decreases activity of KDR 16400034 Bos taurus

Retinopathy, diabetic; Diabetes mellitus, type II; 

Insulin resistance
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Supplementary Table 15. Associations of identified candidates from extended replicated set with eGFR, UACR values and incident CKD in 

hyperglycemia. 

Regression coefficients with 95% CI, P-values and FDR of candidates in extended replicated set with eGFR values (current and follow-up), UACR values (current and follow-up) 

and incident CKD in hyperglycemic individuals of KORA F4 are shown, respectively. ORs with 95% CI were additionally shown when outcome was incident CKD. Regression 

coefficients were from linear regression analysis for eGFR and UACR values and from logistic regression analysis for CKD, which all adjusted for age, sex, BMI, systolic blood 

pressure, smoking status, triglyceride, total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication. FDR was 

calculated within each omics type and kidney trait. 

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio. OR, odds ratio.  

 

omics.label omics.type eGFR F4.Estimate (95% CI) eGFR F4.p-value eGFR F4.FDR

Follow-up eGFR.Estimate 

(95% CI)

Follow-up eGFR.p-

value Follow-up eGFR.FDR UACR F4.Estimate (95% CI) UACR F4.p-value

UACR 

F4.FDR

Follow-up 

UACR.Estimate (95% 

CI)

Follow-up 

UACR.p-value Follow-up UACR.FDR

incident CKD.Estimate (95% 

CI) incident CKD.OR (95% CI) incident CKD.p-value incident CKD.FDR

C10 Metabolites -0.174 (-0.214 to -0.135) 1.585E-17 1.109E-16 -0.147 (-0.2 to -0.093) 8.312E-08 1.164E-06 0.062 (0.003 to 0.121) 3.875E-02 7.749E-02 -0.004 (-0.072 to 0.064) 9.142E-01 9.142E-01 0.249 (0.019 to 0.48) 1.283 (1.019 to 1.615) 3.373E-02 9.183E-02

C10:2 Metabolites -0.178 (-0.215 to -0.141) 1.691E-20 2.367E-19 -0.117 (-0.168 to -0.066) 6.984E-06 1.956E-05 0.009 (-0.046 to 0.065) 7.383E-01 8.257E-01 -0.025 (-0.089 to 0.039) 4.425E-01 7.965E-01 0.087 (-0.13 to 0.302) 1.091 (0.879 to 1.353) 4.296E-01 4.626E-01

C12 Metabolites -0.175 (-0.215 to -0.135) 3.042E-17 1.420E-16 -0.143 (-0.196 to -0.089) 2.223E-07 1.243E-06 0.071 (0.011 to 0.13) 1.962E-02 5.493E-02 0.012 (-0.056 to 0.08) 7.249E-01 8.821E-01 0.327 (0.098 to 0.559) 1.386 (1.103 to 1.749) 5.401E-03 4.414E-02

C14:1 Metabolites -0.117 (-0.155 to -0.079) 1.678E-09 2.136E-09 -0.102 (-0.155 to -0.049) 1.816E-04 3.178E-04 0.081 (0.026 to 0.136) 4.066E-03 1.423E-02 0.029 (-0.037 to 0.095) 3.834E-01 7.965E-01 0.299 (0.075 to 0.53) 1.349 (1.077 to 1.698) 9.877E-03 4.609E-02

C14:1‐OH Metabolites -0.165 (-0.204 to -0.127) 9.408E-17 3.293E-16 -0.123 (-0.175 to -0.07) 4.789E-06 1.676E-05 0.045 (-0.012 to 0.102) 1.230E-01 1.565E-01 0.013 (-0.053 to 0.079) 7.064E-01 8.821E-01 0.228 (0.005 to 0.454) 1.256 (1.005 to 1.574) 4.592E-02 9.183E-02

C14:2 Metabolites -0.166 (-0.205 to -0.127) 2.691E-16 7.536E-16 -0.112 (-0.165 to -0.059) 3.972E-05 7.944E-05 0.052 (-0.006 to 0.11) 7.622E-02 1.186E-01 0.026 (-0.042 to 0.093) 4.551E-01 7.965E-01 0.272 (0.043 to 0.506) 1.313 (1.044 to 1.658) 2.067E-02 7.235E-02

C16 Metabolites -0.09 (-0.131 to -0.049) 1.858E-05 2.168E-05 -0.07 (-0.126 to -0.015) 1.334E-02 1.436E-02 0.118 (0.059 to 0.177) 1.023E-04 7.164E-04 0.073 (0.003 to 0.142) 4.083E-02 2.858E-01 0.23 (-0.006 to 0.471) 1.259 (0.994 to 1.602) 5.825E-02 9.481E-02

C18:1 Metabolites -0.081 (-0.121 to -0.04) 9.275E-05 9.989E-05 -0.081 (-0.135 to -0.027) 3.345E-03 4.683E-03 0.107 (0.048 to 0.165) 3.502E-04 1.634E-03 0.083 (0.015 to 0.151) 1.632E-02 2.285E-01 0.325 (0.094 to 0.561) 1.384 (1.098 to 1.752) 6.305E-03 4.414E-02

C2 Metabolites -0.149 (-0.189 to -0.109) 3.483E-13 5.419E-13 -0.079 (-0.134 to -0.025) 4.140E-03 5.269E-03 0.067 (0.009 to 0.126) 2.466E-02 5.754E-02 0.036 (-0.032 to 0.104) 3.019E-01 7.965E-01 0.138 (-0.086 to 0.362) 1.148 (0.918 to 1.437) 2.268E-01 2.887E-01

C6(C4:1‐DC) Metabolites -0.167 (-0.207 to -0.127) 6.269E-16 1.254E-15 -0.12 (-0.175 to -0.065) 2.184E-05 5.096E-05 0.059 (-0.001 to 0.118) 5.210E-02 9.117E-02 0.028 (-0.042 to 0.098) 4.325E-01 7.965E-01 0.198 (-0.033 to 0.43) 1.219 (0.968 to 1.537) 9.231E-02 1.292E-01

C5 Metabolites -0.16 (-0.201 to -0.119) 4.603E-14 8.055E-14 -0.103 (-0.158 to -0.047) 2.980E-04 4.635E-04 -0.007 (-0.067 to 0.054) 8.257E-01 8.257E-01 -0.008 (-0.079 to 0.062) 8.191E-01 8.821E-01 0.232 (-0.01 to 0.477) 1.261 (0.99 to 1.611) 6.095E-02 9.481E-02

C8 Metabolites -0.163 (-0.202 to -0.124) 5.665E-16 1.254E-15 -0.139 (-0.192 to -0.087) 2.663E-07 1.243E-06 0.048 (-0.009 to 0.106) 1.013E-01 1.418E-01 0.01 (-0.057 to 0.077) 7.780E-01 8.821E-01 0.234 (0.011 to 0.458) 1.264 (1.011 to 1.58) 3.944E-02 9.183E-02

C8:1 Metabolites -0.122 (-0.16 to -0.084) 3.964E-10 5.549E-10 -0.022 (-0.073 to 0.03) 4.105E-01 4.105E-01 0.008 (-0.048 to 0.064) 7.795E-01 8.257E-01 -0.014 (-0.079 to 0.051) 6.741E-01 8.821E-01 0.034 (-0.184 to 0.252) 1.035 (0.832 to 1.287) 7.584E-01 7.584E-01

TLN2 CpGs 0.054 (0.009 to 0.098) 1.838E-02 5.945E-02 0.024 (-0.034 to 0.081) 4.182E-01 4.879E-01 -0.106 (-0.167 to -0.046) 6.107E-04 1.425E-03 -0.011 (-0.082 to 0.06) 7.567E-01 7.567E-01 0.002 (-0.248 to 0.271) 1.002 (0.781 to 1.311) 9.891E-01 9.891E-01

ACSL1 CpGs -0.043 (-0.089 to 0.002) 5.927E-02 1.037E-01 -0.024 (-0.08 to 0.033) 4.135E-01 4.879E-01 0.066 (0.004 to 0.127) 3.586E-02 3.586E-02 0.029 (-0.041 to 0.099) 4.123E-01 6.081E-01 -0.031 (-0.233 to 0.178) 0.97 (0.792 to 1.195) 7.686E-01 8.966E-01

CCDC39 CpGs -0.053 (-0.1 to -0.007) 2.548E-02 5.945E-02 -0.048 (-0.107 to 0.01) 1.053E-01 3.686E-01 0.075 (0.012 to 0.139) 2.002E-02 2.336E-02 0.029 (-0.042 to 0.1) 4.197E-01 6.081E-01 0.054 (-0.207 to 0.301) 1.055 (0.813 to 1.351) 6.770E-01 8.966E-01

LYL1 CpGs -0.024 (-0.073 to 0.025) 3.352E-01 3.352E-01 -0.026 (-0.086 to 0.035) 4.044E-01 4.879E-01 0.122 (0.055 to 0.188) 3.282E-04 1.149E-03 0.053 (-0.02 to 0.126) 1.554E-01 6.081E-01 -0.132 (-0.4 to 0.125) 0.876 (0.67 to 1.133) 3.236E-01 8.966E-01

NEURL3 CpGs 0.04 (-0.007 to 0.088) 9.833E-02 1.147E-01 0.042 (-0.021 to 0.104) 1.912E-01 4.460E-01 -0.078 (-0.142 to -0.013) 1.877E-02 2.336E-02 0.025 (-0.052 to 0.102) 5.212E-01 6.081E-01 0.047 (-0.204 to 0.304) 1.048 (0.816 to 1.355) 7.175E-01 8.966E-01

LYSMD2 CpGs 0.04 (-0.007 to 0.087) 9.833E-02 1.147E-01 0.005 (-0.057 to 0.066) 8.822E-01 8.822E-01 -0.163 (-0.226 to -0.099) 6.788E-07 4.751E-06 -0.025 (-0.1 to 0.049) 5.041E-01 6.081E-01 -0.051 (-0.291 to 0.196) 0.95 (0.748 to 1.216) 6.807E-01 8.966E-01

NAPA CpGs 0.054 (0.008 to 0.101) 2.173E-02 5.945E-02 0.051 (-0.009 to 0.111) 9.391E-02 3.686E-01 -0.101 (-0.164 to -0.038) 1.743E-03 3.050E-03 -0.039 (-0.113 to 0.034) 2.945E-01 6.081E-01 -0.137 (-0.367 to 0.087) 0.872 (0.693 to 1.091) 2.352E-01 8.966E-01

PAX8 RNAs -0.048 (-0.107 to 0.012) 1.151E-01 1.239E-01 -0.001 (-0.087 to 0.085) 9.885E-01 9.885E-01 0.055 (-0.032 to 0.142) 2.141E-01 2.286E-01 -0.004 (-0.12 to 0.112) 9.434E-01 9.434E-01 -0.048 (-0.36 to 0.261) 0.953 (0.698 to 1.298) 7.590E-01 9.774E-01

SLC22A4 RNAs -0.05 (-0.11 to 0.01) 1.004E-01 1.172E-01 -0.085 (-0.169 to -0.001) 4.763E-02 1.461E-01 0.282 (0.196 to 0.367) 1.949E-10 2.729E-09 0.204 (0.092 to 0.316) 4.041E-04 5.657E-03 -0.038 (-0.344 to 0.271) 0.963 (0.709 to 1.311) 8.095E-01 9.774E-01

PNLIPRP2 RNAs -0.055 (-0.113 to 0.002) 6.071E-02 7.727E-02 -0.015 (-0.09 to 0.061) 7.044E-01 7.696E-01 0.063 (-0.022 to 0.147) 1.477E-01 1.723E-01 -0.052 (-0.153 to 0.05) 3.181E-01 4.048E-01 -0.296 (-0.586 to -0.016) 0.744 (0.557 to 0.984) 4.042E-02 5.659E-01

NKD2 RNAs -0.086 (-0.145 to -0.027) 4.311E-03 7.544E-03 -0.057 (-0.135 to 0.022) 1.579E-01 2.710E-01 0.117 (0.031 to 0.204) 7.855E-03 1.290E-02 0.108 (0.003 to 0.213) 4.292E-02 1.394E-01 0.117 (-0.161 to 0.4) 1.125 (0.851 to 1.492) 4.101E-01 9.774E-01

DUSP11 RNAs 0.164 (0.107 to 0.222) 2.649E-08 3.709E-07 0.092 (0.009 to 0.175) 2.933E-02 1.461E-01 -0.053 (-0.139 to 0.033) 2.286E-01 2.286E-01 -0.175 (-0.286 to -0.065) 2.019E-03 9.672E-03 -0.17 (-0.496 to 0.152) 0.844 (0.609 to 1.164) 3.021E-01 9.774E-01

TFE3 RNAs -0.066 (-0.126 to -0.007) 2.969E-02 4.618E-02 -0.016 (-0.101 to 0.07) 7.147E-01 7.696E-01 0.192 (0.105 to 0.279) 1.682E-05 7.847E-05 0.115 (0 to 0.231) 4.979E-02 1.394E-01 -0.221 (-0.553 to 0.104) 0.802 (0.575 to 1.11) 1.868E-01 9.774E-01

AGK RNAs 0.09 (0.035 to 0.146) 1.537E-03 3.713E-03 0.053 (-0.022 to 0.129) 1.667E-01 2.710E-01 -0.078 (-0.16 to 0.004) 6.356E-02 8.089E-02 -0.091 (-0.193 to 0.011) 7.946E-02 1.827E-01 -0.074 (-0.355 to 0.207) 0.928 (0.701 to 1.229) 6.023E-01 9.774E-01

MCM3 RNAs 0.094 (0.034 to 0.155) 2.169E-03 4.338E-03 0.059 (-0.026 to 0.143) 1.742E-01 2.710E-01 -0.248 (-0.335 to -0.161) 3.205E-08 2.244E-07 -0.178 (-0.291 to -0.065) 2.073E-03 a -0.056 (-0.366 to 0.259) 0.945 (0.693 to 1.295) 7.240E-01 9.774E-01

PCGF2 RNAs -0.011 (-0.068 to 0.046) 7.068E-01 7.068E-01 -0.041 (-0.118 to 0.037) 3.058E-01 4.281E-01 0.117 (0.034 to 0.2) 5.747E-03 1.149E-02 0.058 (-0.047 to 0.164) 2.774E-01 4.048E-01 0.111 (-0.174 to 0.399) 1.118 (0.84 to 1.491) 4.443E-01 9.774E-01

TTF2 RNAs 0.116 (0.059 to 0.173) 7.464E-05 5.225E-04 0.081 (0 to 0.162) 4.985E-02 1.461E-01 -0.137 (-0.222 to -0.052) 1.591E-03 3.712E-03 -0.058 (-0.168 to 0.052) 3.037E-01 4.048E-01 0.004 (-0.305 to 0.319) 1.004 (0.737 to 1.375) 9.774E-01 9.774E-01

ABCB1 RNAs 0.098 (0.04 to 0.156) 9.705E-04 3.397E-03 0.094 (0.012 to 0.176) 2.396E-02 1.461E-01 -0.155 (-0.24 to -0.07) 3.512E-04 1.229E-03 -0.05 (-0.16 to 0.059) 3.663E-01 4.273E-01 -0.069 (-0.376 to 0.234) 0.934 (0.687 to 1.264) 6.577E-01 9.774E-01

ARG1 RNAs -0.098 (-0.156 to -0.04) 9.503E-04 3.397E-03 -0.068 (-0.157 to 0.021) 1.334E-01 2.710E-01 0.113 (0.027 to 0.198) 1.009E-02 1.413E-02 0.103 (-0.017 to 0.222) 9.136E-02 1.827E-01 0.048 (-0.278 to 0.371) 1.049 (0.758 to 1.449) 7.692E-01 9.774E-01

SLC25A4 RNAs 0.09 (0.034 to 0.146) 1.591E-03 3.713E-03 0.076 (-0.001 to 0.152) 5.217E-02 1.461E-01 -0.141 (-0.223 to -0.059) 7.936E-04 2.222E-03 -0.076 (-0.179 to 0.027) 1.479E-01 2.588E-01 -0.009 (-0.287 to 0.269) 0.991 (0.751 to 1.308) 9.472E-01 9.774E-01

CDC14A RNAs -0.058 (-0.117 to 0) 5.116E-02 7.163E-02 -0.04 (-0.123 to 0.044) 3.491E-01 4.443E-01 0.117 (0.03 to 0.204) 8.291E-03 1.290E-02 0.046 (-0.066 to 0.158) 4.216E-01 4.540E-01 -0.017 (-0.338 to 0.303) 0.983 (0.713 to 1.353) 9.178E-01 9.774E-01

Tyr Metabolites 0.024 (-0.015 to 0.063) 2.289E-01 2.289E-01 0.073 (0.021 to 0.125) 5.828E-03 6.799E-03 -0.117 (-0.173 to -0.061) 4.502E-05 6.303E-04 -0.05 (-0.116 to 0.016) 1.379E-01 6.434E-01 -0.093 (-0.317 to 0.131) 0.911 (0.728 to 1.14) 4.146E-01 4.626E-01

PLAT Proteins 0.089 (0.011 to 0.167) 2.506E-02 2.878E-02 0.089 (0.002 to 0.176) 4.411E-02 5.065E-02 -0.124 (-0.227 to -0.02) 1.940E-02 5.729E-02 -0.088 (-0.194 to 0.019) 1.068E-01 5.032E-01 -0.167 (-0.548 to 0.201) 0.846 (0.578 to 1.223) 3.804E-01 5.023E-01

IGFBP2 Proteins -0.167 (-0.24 to -0.094) 8.720E-06 1.638E-05 -0.239 (-0.32 to -0.159) 7.855E-09 2.117E-08 0.14 (0.042 to 0.239) 5.445E-03 2.597E-02 0.094 (-0.008 to 0.197) 7.015E-02 4.200E-01 0.514 (0.158 to 0.882) 1.672 (1.171 to 2.417) 5.269E-03 6.534E-02

CST3 Proteins -0.551 (-0.598 to -0.504) 3.888E-80 2.411E-78 -0.511 (-0.571 to -0.451) 1.985E-49 1.231E-47 0.052 (-0.038 to 0.142) 2.596E-01 3.576E-01 0.062 (-0.032 to 0.155) 1.960E-01 6.383E-01 0.769 (0.396 to 1.163) 2.158 (1.485 to 3.201) 8.144E-05 5.049E-03

EFNA5 Proteins -0.213 (-0.272 to -0.155) 3.653E-12 1.416E-11 -0.237 (-0.304 to -0.171) 5.965E-12 2.465E-11 0.005 (-0.077 to 0.087) 9.049E-01 9.197E-01 0.008 (-0.078 to 0.094) 8.558E-01 9.498E-01 0.278 (-0.026 to 0.594) 1.32 (0.974 to 1.811) 7.847E-02 2.239E-01

ERBB3 Proteins 0.193 (0.129 to 0.257) 6.628E-09 1.957E-08 0.14 (0.066 to 0.214) 2.266E-04 3.798E-04 -0.126 (-0.213 to -0.038) 5.193E-03 2.597E-02 -0.074 (-0.164 to 0.017) 1.092E-01 5.032E-01 -0.306 (-0.645 to 0.024) 0.736 (0.525 to 1.024) 7.213E-02 2.239E-01

LAYN Proteins -0.215 (-0.272 to -0.157) 8.370E-13 3.460E-12 -0.24 (-0.303 to -0.176) 5.264E-13 2.967E-12 0.062 (-0.018 to 0.142) 1.292E-01 2.075E-01 0.032 (-0.052 to 0.117) 4.519E-01 7.004E-01 0.259 (-0.029 to 0.549) 1.295 (0.971 to 1.731) 7.771E-02 2.239E-01

TNFRSF1A Proteins -0.303 (-0.357 to -0.249) 1.193E-25 1.479E-24 -0.311 (-0.371 to -0.25) 6.192E-22 8.298E-21 0.046 (-0.034 to 0.126) 2.548E-01 3.576E-01 0.041 (-0.043 to 0.124) 3.377E-01 6.392E-01 0.204 (-0.081 to 0.487) 1.226 (0.922 to 1.628) 1.571E-01 3.089E-01

EGFR Proteins 0.254 (0.19 to 0.318) 3.881E-14 1.851E-13 0.259 (0.186 to 0.332) 1.214E-11 4.426E-11 -0.221 (-0.31 to -0.133) 1.197E-06 7.423E-05 -0.18 (-0.272 to -0.089) 1.268E-04 7.864E-03 -0.509 (-0.846 to -0.184) 0.601 (0.429 to 0.832) 2.488E-03 3.856E-02
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Supplementary Table 16. Multi-omics integration network built with hyperglycemic KORA F4 individuals using GGM.  

Weight of edges of multi-omics integration network with 101 omics molecules (i.e., the extended replicated set except for SOMAmer probe CST3, three well-defined biomarkers 

for CKD (CST3, creatinine and urine albumin) and two additional metabolites (SM C18:1 and PC aa C38:0)) built by GGM glasso are shown. The residuals of the omics molecules 

after removing the effects of full model were used to build the network.  The full model included age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total cholesterol, 

HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication. Abbreviations: GGM, Gaussian graphical modeling. 

IGFBP6 Proteins -0.368 (-0.428 to -0.308) 1.691E-29 2.621E-28 -0.354 (-0.422 to -0.285) 6.692E-22 8.298E-21 0.063 (-0.027 to 0.154) 1.712E-01 2.527E-01 0.047 (-0.046 to 0.141) 3.214E-01 6.392E-01 0.3 (-0.03 to 0.626) 1.35 (0.971 to 1.87) 7.166E-02 2.239E-01

FGF20 Proteins 0.121 (0.063 to 0.178) 4.049E-05 6.277E-05 0.154 (0.091 to 0.217) 1.991E-06 4.749E-06 -0.064 (-0.141 to 0.014) 1.070E-01 1.928E-01 -0.021 (-0.101 to 0.059) 6.070E-01 7.840E-01 -0.249 (-0.63 to 0.021) 0.78 (0.533 to 1.022) 1.334E-01 2.851E-01

FGF9 Proteins 0.058 (-0.004 to 0.121) 6.637E-02 6.974E-02 0.079 (0.009 to 0.148) 2.713E-02 3.235E-02 -0.063 (-0.147 to 0.02) 1.365E-01 2.082E-01 -0.012 (-0.097 to 0.073) 7.795E-01 9.294E-01 -0.101 (-0.433 to 0.171) 0.904 (0.648 to 1.186) 5.046E-01 5.996E-01

SPINT1 Proteins 0.082 (0.02 to 0.143) 9.404E-03 1.143E-02 0.039 (-0.03 to 0.108) 2.654E-01 2.789E-01 -0.102 (-0.184 to -0.02) 1.478E-02 4.581E-02 -0.005 (-0.089 to 0.079) 9.087E-01 9.541E-01 0.096 (-0.187 to 0.39) 1.101 (0.83 to 1.478) 5.126E-01 5.996E-01

NBL1 Proteins -0.241 (-0.298 to -0.184) 7.486E-16 4.641E-15 -0.258 (-0.321 to -0.194) 1.359E-14 9.360E-14 0.034 (-0.047 to 0.115) 4.069E-01 5.256E-01 0.045 (-0.038 to 0.128) 2.834E-01 6.392E-01 0.221 (-0.061 to 0.497) 1.247 (0.941 to 1.644) 1.183E-01 2.768E-01

GHR Proteins 0.157 (0.085 to 0.228) 2.036E-05 3.506E-05 0.178 (0.098 to 0.257) 1.444E-05 3.087E-05 -0.167 (-0.263 to -0.071) 7.015E-04 7.249E-03 -0.152 (-0.251 to -0.053) 2.670E-03 8.278E-02 -0.683 (-1.052 to -0.332) 0.505 (0.349 to 0.718) 1.930E-04 5.982E-03

CGA LHB Proteins -0.249 (-0.357 to -0.141) 7.420E-06 1.438E-05 -0.225 (-0.345 to -0.104) 2.919E-04 4.763E-04 0.046 (-0.101 to 0.193) 5.371E-01 6.403E-01 -0.002 (-0.152 to 0.148) 9.819E-01 9.819E-01 0.238 (-0.284 to 0.783) 1.269 (0.753 to 2.189) 3.812E-01 5.023E-01

ESAM Proteins -0.204 (-0.263 to -0.145) 2.965E-11 1.021E-10 -0.236 (-0.301 to -0.171) 3.557E-12 1.696E-11 0.093 (0.011 to 0.174) 2.621E-02 7.066E-02 0.049 (-0.036 to 0.134) 2.576E-01 6.392E-01 0.422 (0.109 to 0.743) 1.525 (1.115 to 2.103) 8.934E-03 9.232E-02

JAM2 Proteins -0.238 (-0.291 to -0.184) 2.243E-17 1.545E-16 -0.216 (-0.277 to -0.156) 8.221E-12 3.186E-11 0.02 (-0.056 to 0.096) 6.080E-01 6.966E-01 0.018 (-0.061 to 0.097) 6.512E-01 8.240E-01 0.363 (0.073 to 0.67) 1.437 (1.076 to 1.955) 1.721E-02 1.185E-01

CLEC4M Proteins 0.169 (0.111 to 0.227) 2.079E-08 5.155E-08 0.133 (0.066 to 0.199) 1.046E-04 1.908E-04 -0.103 (-0.183 to -0.023) 1.146E-02 4.180E-02 -0.045 (-0.127 to 0.037) 2.779E-01 6.392E-01 -0.24 (-0.527 to 0.04) 0.786 (0.59 to 1.041) 9.558E-02 2.370E-01

IL19 Proteins 0.138 (0.079 to 0.197) 5.103E-06 1.055E-05 0.143 (0.077 to 0.21) 2.452E-05 4.905E-05 -0.072 (-0.152 to 0.007) 7.561E-02 1.465E-01 -0.006 (-0.088 to 0.076) 8.900E-01 9.541E-01 -0.228 (-0.523 to 0.059) 0.796 (0.593 to 1.061) 1.238E-01 2.768E-01

RETN Proteins -0.181 (-0.238 to -0.125) 5.914E-10 1.833E-09 -0.226 (-0.289 to -0.163) 5.657E-12 2.465E-11 0.059 (-0.019 to 0.137) 1.376E-01 2.082E-01 0.017 (-0.064 to 0.098) 6.797E-01 8.428E-01 0.071 (-0.212 to 0.35) 1.074 (0.809 to 1.419) 6.179E-01 6.605E-01

IL2 Proteins 0.061 (0.002 to 0.12) 4.367E-02 4.834E-02 0.021 (-0.046 to 0.088) 5.331E-01 5.418E-01 -0.09 (-0.169 to -0.012) 2.471E-02 6.965E-02 -0.042 (-0.123 to 0.04) 3.168E-01 6.392E-01 0.063 (-0.22 to 0.362) 1.065 (0.802 to 1.436) 6.722E-01 7.064E-01

TNFRSF1B Proteins -0.277 (-0.332 to -0.222) 3.356E-21 2.973E-20 -0.302 (-0.363 to -0.241) 2.211E-20 2.284E-19 0.031 (-0.049 to 0.111) 4.456E-01 5.594E-01 0.03 (-0.053 to 0.114) 4.798E-01 7.104E-01 0.282 (-0.02 to 0.588) 1.325 (0.98 to 1.8) 6.852E-02 2.239E-01

ADAMTS13 Proteins 0.126 (0.068 to 0.183) 1.886E-05 3.341E-05 0.111 (0.047 to 0.176) 6.823E-04 1.058E-03 -0.018 (-0.095 to 0.06) 6.554E-01 7.128E-01 0.025 (-0.055 to 0.104) 5.411E-01 7.293E-01 -0.273 (-0.551 to 0.002) 0.761 (0.576 to 1.002) 5.273E-02 2.160E-01

RET Proteins 0.064 (0.002 to 0.126) 4.469E-02 4.861E-02 0.085 (0.015 to 0.154) 1.685E-02 2.090E-02 -0.068 (-0.152 to 0.015) 1.088E-01 1.928E-01 -0.055 (-0.14 to 0.03) 2.059E-01 6.383E-01 -0.221 (-0.525 to 0.064) 0.802 (0.592 to 1.066) 1.402E-01 2.897E-01

ACY1 Proteins 0.123 (0.052 to 0.194) 6.810E-04 9.179E-04 0.157 (0.077 to 0.237) 1.315E-04 2.329E-04 -0.092 (-0.187 to 0.004) 5.967E-02 1.276E-01 -0.069 (-0.166 to 0.029) 1.673E-01 5.849E-01 -0.435 (-0.797 to -0.087) 0.647 (0.451 to 0.916) 1.580E-02 1.185E-01

BMP1 Proteins 0.132 (0.063 to 0.201) 1.811E-04 2.612E-04 0.178 (0.102 to 0.254) 5.497E-06 1.217E-05 -0.079 (-0.172 to 0.014) 9.651E-02 1.813E-01 0.005 (-0.091 to 0.102) 9.114E-01 9.541E-01 -0.21 (-0.543 to 0.115) 0.811 (0.581 to 1.122) 2.105E-01 3.527E-01

CTSV Proteins 0.197 (0.13 to 0.264) 1.660E-08 4.677E-08 0.213 (0.138 to 0.289) 5.057E-08 1.306E-07 -0.126 (-0.218 to -0.034) 7.520E-03 3.108E-02 -0.06 (-0.155 to 0.035) 2.173E-01 6.392E-01 -0.356 (-0.71 to -0.018) 0.7 (0.492 to 0.983) 4.345E-02 2.128E-01

FN1 Proteins 0.133 (0.074 to 0.192) 1.248E-05 2.275E-05 0.11 (0.044 to 0.177) 1.156E-03 1.748E-03 -0.102 (-0.182 to -0.022) 1.236E-02 4.258E-02 -0.08 (-0.162 to 0.002) 5.464E-02 3.764E-01 -0.144 (-0.415 to 0.127) 0.866 (0.66 to 1.135) 2.959E-01 4.475E-01

FSTL3 Proteins -0.244 (-0.302 to -0.186) 1.871E-15 1.055E-14 -0.287 (-0.351 to -0.223) 2.672E-17 2.070E-16 0.032 (-0.051 to 0.115) 4.511E-01 5.594E-01 0.027 (-0.058 to 0.112) 5.325E-01 7.293E-01 0.156 (-0.135 to 0.45) 1.169 (0.874 to 1.569) 2.930E-01 4.475E-01

B2M Proteins -0.43 (-0.48 to -0.379) 4.438E-50 1.376E-48 -0.384 (-0.446 to -0.323) 1.594E-30 4.943E-29 0.076 (-0.008 to 0.16) 7.506E-02 1.465E-01 0.08 (-0.008 to 0.167) 7.452E-02 4.200E-01 0.561 (0.234 to 0.9) 1.752 (1.264 to 2.46) 9.322E-04 1.927E-02

ADIPOQ Proteins 0.009 (-0.067 to 0.084) 8.222E-01 8.222E-01 -0.046 (-0.131 to 0.038) 2.826E-01 2.921E-01 0.044 (-0.057 to 0.145) 3.904E-01 5.150E-01 0.037 (-0.066 to 0.14) 4.821E-01 7.104E-01 0.088 (-0.258 to 0.43) 1.092 (0.773 to 1.537) 6.146E-01 6.605E-01

CNDP1 Proteins 0.124 (0.067 to 0.182) 2.713E-05 4.427E-05 0.141 (0.076 to 0.205) 2.240E-05 4.630E-05 -0.127 (-0.205 to -0.05) 1.357E-03 1.202E-02 -0.086 (-0.167 to -0.004) 3.872E-02 3.691E-01 -0.187 (-0.457 to 0.083) 0.829 (0.633 to 1.086) 1.721E-01 3.137E-01

MASP1 Proteins 0.119 (0.062 to 0.177) 4.669E-05 7.060E-05 0.091 (0.027 to 0.155) 5.181E-03 6.693E-03 -0.085 (-0.162 to -0.008) 3.100E-02 7.392E-02 0.042 (-0.037 to 0.121) 2.965E-01 6.392E-01 -0.117 (-0.407 to 0.142) 0.889 (0.666 to 1.153) 4.007E-01 5.070E-01

IL22RA1 Proteins -0.046 (-0.108 to 0.016) 1.428E-01 1.476E-01 -0.045 (-0.114 to 0.023) 1.942E-01 2.076E-01 0.083 (0.001 to 0.165) 4.830E-02 1.070E-01 0.049 (-0.035 to 0.134) 2.509E-01 6.392E-01 0.044 (-0.305 to 0.332) 1.045 (0.737 to 1.394) 7.841E-01 7.841E-01

KDR Proteins 0.153 (0.094 to 0.213) 4.635E-07 1.064E-06 0.163 (0.096 to 0.23) 2.182E-06 5.010E-06 -0.141 (-0.221 to -0.061) 5.484E-04 6.800E-03 -0.091 (-0.173 to -0.009) 3.058E-02 3.691E-01 -0.168 (-0.45 to 0.111) 0.846 (0.638 to 1.118) 2.399E-01 3.813E-01

IGF2R Proteins 0.138 (0.075 to 0.201) 2.099E-05 3.517E-05 0.108 (0.037 to 0.179) 2.941E-03 4.052E-03 -0.068 (-0.154 to 0.017) 1.156E-01 1.937E-01 -0.039 (-0.126 to 0.049) 3.821E-01 6.769E-01 -0.113 (-0.411 to 0.181) 0.893 (0.663 to 1.198) 4.514E-01 5.488E-01

PLG Proteins 0.128 (0.068 to 0.189) 3.753E-05 5.966E-05 0.132 (0.063 to 0.2) 1.799E-04 3.098E-04 -0.03 (-0.112 to 0.053) 4.795E-01 5.830E-01 -0.008 (-0.093 to 0.076) 8.512E-01 9.498E-01 -0.117 (-0.413 to 0.174) 0.889 (0.662 to 1.19) 4.318E-01 5.354E-01

CTSH Proteins -0.317 (-0.376 to -0.258) 1.036E-23 1.071E-22 -0.301 (-0.369 to -0.234) 2.573E-17 2.070E-16 0.022 (-0.065 to 0.109) 6.179E-01 6.966E-01 0.042 (-0.047 to 0.132) 3.505E-01 6.392E-01 0.269 (-0.044 to 0.586) 1.308 (0.957 to 1.798) 9.421E-02 2.370E-01

FCN3 Proteins 0.105 (0.04 to 0.169) 1.598E-03 2.064E-03 0.104 (0.032 to 0.177) 4.880E-03 6.437E-03 -0.127 (-0.214 to -0.041) 4.012E-03 2.487E-02 -0.07 (-0.16 to 0.019) 1.217E-01 5.032E-01 -0.207 (-0.499 to 0.087) 0.813 (0.607 to 1.091) 1.652E-01 3.103E-01

RPS6KA5 Proteins -0.08 (-0.138 to -0.022) 7.333E-03 9.093E-03 -0.063 (-0.128 to 0.003) 6.130E-02 6.910E-02 0.105 (0.027 to 0.183) 8.281E-03 3.209E-02 0.007 (-0.073 to 0.088) 8.579E-01 9.498E-01 0.144 (-0.14 to 0.421) 1.155 (0.87 to 1.524) 3.117E-01 4.602E-01

MED1 Proteins -0.064 (-0.125 to -0.002) 4.308E-02 4.834E-02 -0.079 (-0.148 to -0.01) 2.565E-02 3.118E-02 0.114 (0.032 to 0.196) 6.638E-03 2.940E-02 0.027 (-0.058 to 0.111) 5.341E-01 7.293E-01 0.059 (-0.26 to 0.345) 1.061 (0.771 to 1.412) 6.993E-01 7.226E-01

PAPPA Proteins -0.117 (-0.175 to -0.06) 7.240E-05 1.069E-04 -0.134 (-0.198 to -0.07) 4.851E-05 9.114E-05 0.079 (0.001 to 0.157) 4.603E-02 1.057E-01 0.033 (-0.048 to 0.113) 4.242E-01 6.921E-01 0.121 (-0.15 to 0.401) 1.128 (0.861 to 1.493) 3.888E-01 5.023E-01

IL6 Proteins -0.101 (-0.156 to -0.046) 3.534E-04 4.980E-04 -0.097 (-0.158 to -0.035) 2.116E-03 3.051E-03 0.082 (0.008 to 0.156) 2.976E-02 7.392E-02 0.076 (0.001 to 0.152) 4.763E-02 3.691E-01 0.159 (-0.113 to 0.404) 1.173 (0.893 to 1.497) 2.175E-01 3.548E-01

TFF3 Proteins -0.237 (-0.297 to -0.176) 6.389E-14 2.829E-13 -0.255 (-0.322 to -0.188) 3.473E-13 2.153E-12 0.02 (-0.065 to 0.105) 6.410E-01 7.097E-01 -0.03 (-0.117 to 0.056) 4.927E-01 7.104E-01 0.265 (0.011 to 0.518) 1.303 (1.011 to 1.679) 3.845E-02 2.128E-01

EPHA2 Proteins -0.17 (-0.229 to -0.112) 1.800E-08 4.853E-08 -0.227 (-0.291 to -0.163) 1.296E-11 4.464E-11 0.006 (-0.074 to 0.087) 8.828E-01 9.122E-01 -0.012 (-0.094 to 0.071) 7.791E-01 9.294E-01 0.088 (-0.208 to 0.381) 1.092 (0.812 to 1.463) 5.574E-01 6.400E-01

NTRK2 Proteins 0.104 (0.046 to 0.162) 4.388E-04 6.045E-04 0.069 (0.004 to 0.134) 3.799E-02 4.444E-02 -0.11 (-0.188 to -0.033) 5.345E-03 2.597E-02 -0.058 (-0.137 to 0.022) 1.538E-01 5.849E-01 -0.262 (-0.558 to 0.029) 0.769 (0.572 to 1.029) 7.943E-02 2.239E-01

AMH Proteins 0.171 (0.112 to 0.231) 2.012E-08 5.155E-08 0.112 (0.044 to 0.179) 1.293E-03 1.908E-03 -0.101 (-0.182 to -0.02) 1.420E-02 4.581E-02 -0.067 (-0.151 to 0.017) 1.178E-01 5.032E-01 -0.207 (-0.498 to 0.081) 0.813 (0.608 to 1.084) 1.594E-01 3.089E-01

MMP1 Proteins -0.077 (-0.138 to -0.017) 1.188E-02 1.416E-02 -0.098 (-0.165 to -0.032) 4.002E-03 5.395E-03 0.073 (-0.007 to 0.154) 7.401E-02 1.465E-01 0.043 (-0.04 to 0.126) 3.058E-01 6.392E-01 0.072 (-0.208 to 0.345) 1.075 (0.812 to 1.412) 6.091E-01 6.605E-01

C1QBP Proteins 0.231 (0.174 to 0.288) 1.113E-14 5.750E-14 0.14 (0.074 to 0.206) 3.746E-05 7.257E-05 -0.088 (-0.169 to -0.008) 3.092E-02 7.392E-02 -0.042 (-0.125 to 0.04) 3.143E-01 6.392E-01 -0.197 (-0.491 to 0.087) 0.822 (0.612 to 1.091) 1.819E-01 3.222E-01

ERP29 Proteins -0.22 (-0.284 to -0.157) 2.348E-11 8.563E-11 -0.232 (-0.303 to -0.161) 3.085E-10 9.563E-10 0.185 (0.098 to 0.272) 3.315E-05 6.850E-04 0.092 (0.002 to 0.182) 4.473E-02 3.691E-01 0.325 (0.006 to 0.653) 1.385 (1.006 to 1.921) 4.806E-02 2.128E-01

MAPK12 Proteins -0.056 (-0.114 to 0.002) 6.026E-02 6.442E-02 -0.083 (-0.148 to -0.019) 1.130E-02 1.430E-02 0.175 (0.099 to 0.251) 8.402E-06 2.605E-04 0.084 (0.005 to 0.164) 3.835E-02 3.691E-01 0.37 (0.084 to 0.66) 1.448 (1.088 to 1.934) 1.140E-02 1.010E-01

SOD2 Proteins 0.154 (0.094 to 0.214) 6.919E-07 1.532E-06 0.123 (0.055 to 0.192) 4.271E-04 6.790E-04 -0.131 (-0.212 to -0.049) 1.732E-03 1.342E-02 -0.06 (-0.145 to 0.026) 1.698E-01 5.849E-01 -0.194 (-0.496 to 0.106) 0.824 (0.609 to 1.112) 2.044E-01 3.520E-01

KIR2DL4 Proteins -0.101 (-0.16 to -0.041) 9.352E-04 1.234E-03 -0.101 (-0.168 to -0.035) 2.900E-03 4.052E-03 0.065 (-0.015 to 0.144) 1.132E-01 1.937E-01 0.034 (-0.049 to 0.117) 4.225E-01 6.921E-01 0.053 (-0.266 to 0.352) 1.055 (0.766 to 1.422) 7.338E-01 7.458E-01

NOTCH1 Proteins 0.098 (0.035 to 0.161) 2.210E-03 2.797E-03 0.047 (-0.024 to 0.117) 1.935E-01 2.076E-01 -0.148 (-0.232 to -0.065) 5.220E-04 6.800E-03 -0.024 (-0.11 to 0.062) 5.803E-01 7.655E-01 -0.139 (-0.426 to 0.151) 0.87 (0.653 to 1.163) 3.430E-01 4.833E-01

RELT Proteins -0.343 (-0.398 to -0.288) 2.704E-30 5.588E-29 -0.343 (-0.405 to -0.28) 1.967E-24 4.064E-23 -0.007 (-0.091 to 0.076) 8.659E-01 9.100E-01 -0.003 (-0.09 to 0.083) 9.387E-01 9.541E-01 0.381 (0.066 to 0.708) 1.464 (1.068 to 2.029) 1.947E-02 1.207E-01

SCARF1 Proteins -0.129 (-0.185 to -0.074) 6.274E-06 1.255E-05 -0.156 (-0.217 to -0.094) 1.011E-06 2.506E-06 0.021 (-0.054 to 0.097) 5.803E-01 6.789E-01 0.031 (-0.047 to 0.108) 4.387E-01 6.975E-01 0.277 (0.008 to 0.551) 1.319 (1.008 to 1.735) 4.475E-02 2.128E-01

TNFRSF19 Proteins -0.132 (-0.187 to -0.077) 2.994E-06 6.401E-06 -0.185 (-0.245 to -0.125) 2.628E-09 7.407E-09 0.044 (-0.031 to 0.118) 2.513E-01 3.576E-01 -0.003 (-0.079 to 0.073) 9.382E-01 9.541E-01 0.195 (-0.059 to 0.448) 1.215 (0.943 to 1.565) 1.250E-01 2.768E-01

HAVCR2 Proteins -0.188 (-0.253 to -0.123) 2.286E-08 5.452E-08 -0.227 (-0.299 to -0.155) 1.144E-09 3.378E-09 0.044 (-0.045 to 0.134) 3.332E-01 4.491E-01 0.046 (-0.047 to 0.139) 3.302E-01 6.392E-01 0.091 (-0.223 to 0.41) 1.095 (0.8 to 1.506) 5.724E-01 6.452E-01

UNC5C Proteins -0.198 (-0.26 to -0.137) 5.437E-10 1.774E-09 -0.239 (-0.307 to -0.17) 2.111E-11 6.887E-11 0.066 (-0.02 to 0.151) 1.305E-01 2.075E-01 0.097 (0.01 to 0.183) 2.942E-02 3.691E-01 0.277 (-0.041 to 0.6) 1.32 (0.959 to 1.822) 8.875E-02 2.370E-01

SEMA3E Proteins 0.034 (-0.025 to 0.093) 2.531E-01 2.573E-01 0.016 (-0.05 to 0.082) 6.402E-01 6.402E-01 -0.119 (-0.197 to -0.041) 2.806E-03 1.933E-02 -0.034 (-0.114 to 0.046) 4.075E-01 6.921E-01 0.125 (-0.145 to 0.399) 1.133 (0.865 to 1.49) 3.668E-01 5.023E-01

LEPR Proteins 0.072 (0.01 to 0.134) 2.239E-02 2.620E-02 0.062 (-0.008 to 0.131) 8.488E-02 9.397E-02 0 (-0.083 to 0.083) 9.977E-01 9.977E-01 0.01 (-0.076 to 0.096) 8.109E-01 9.486E-01 0.189 (-0.158 to 0.598) 1.208 (0.854 to 1.818) 3.239E-01 4.670E-01

SPOCK2 Proteins 0.25 (0.195 to 0.304) 4.391E-18 3.403E-17 0.23 (0.168 to 0.292) 1.421E-12 7.343E-12 -0.013 (-0.091 to 0.066) 7.493E-01 8.010E-01 0.039 (-0.042 to 0.119) 3.440E-01 6.392E-01 -0.288 (-0.589 to 0.003) 0.749 (0.555 to 1.003) 5.573E-02 2.160E-01
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IGFBP2 GHR IGFBP2 to GHR Proteins Proteins sametype -0.255

B2M CST3 B2M to CST3 Proteins eGFRbiom diftype 0.219

C12 C8 C12 to C8 Metabolites Metabolites sametype -0.213

IGFBP2 ACY1 IGFBP2 to ACY1 Proteins Proteins sametype -0.201

CDC14A UNC5C CDC14A to UNC5C RNAs Proteins diftype 0.209

SLC22A4 MCM3 SLC22A4 to MCM3 RNAs RNAs sametype -0.175

TFE3 MCM3 TFE3 to MCM3 RNAs RNAs sametype -0.168

PNLIPRP2 RET PNLIPRP2 to RET RNAs Proteins diftype 0.185

NKD2 KDR NKD2 to KDR RNAs Proteins diftype 0.15

MCM3 ARG1 MCM3 to ARG1 RNAs RNAs sametype -0.153

PCGF2 TNFRSF1A PCGF2 to TNFRSF1A RNAs Proteins diftype 0.142

RET ADIPOQ RET to ADIPOQ Proteins Proteins sametype -0.146

NKD2 NBL1 NKD2 to NBL1 RNAs Proteins diftype 0.142

TTF2 MMP1 TTF2 to MMP1 RNAs Proteins diftype 0.139

PAX8 SPOCK2 PAX8 to SPOCK2 RNAs Proteins diftype 0.138

Tyr PLAT Tyr to PLAT Metabolites Proteins diftype 0.134

NBL1 SPOCK2 NBL1 to SPOCK2 Proteins Proteins sametype -0.134

CTSH RPS6KA5 CTSH to RPS6KA5 Proteins Proteins sametype -0.132

IL6 SOD2 IL6 to SOD2 Proteins Proteins sametype -0.129

PLAT ESAM PLAT to ESAM Proteins Proteins sametype -0.129

TFE3 SLC25A4 TFE3 to SLC25A4 RNAs RNAs sametype -0.128

EGFR B2M EGFR to B2M Proteins Proteins sametype -0.126

PAX8 JAM2 PAX8 to JAM2 RNAs Proteins diftype 0.128

PLAT IGFBP2 PLAT to IGFBP2 Proteins Proteins sametype -0.123

SLC22A4 AGK SLC22A4 to AGK RNAs RNAs sametype -0.119

CTSH MAPK12 CTSH to MAPK12 Proteins Proteins sametype -0.117

ESAM SPOCK2 ESAM to SPOCK2 Proteins Proteins sametype -0.112

MED1 EPHA2 MED1 to EPHA2 Proteins Proteins sametype -0.112

Tyr ACY1 Tyr to ACY1 Metabolites Proteins diftype 0.126

IGFBP6 Creatinine IGFBP6 to Creatinine Proteins eGFRbiom diftype 0.117

ADAMTS13 ERP29 ADAMTS13 to ERP29 Proteins Proteins sametype -0.107

IGFBP2 RET IGFBP2 to RET Proteins Proteins sametype -0.107

PNLIPRP2 IL22RA1 PNLIPRP2 to IL22RA1 RNAs Proteins diftype 0.109

TNFRSF1A BMP1 TNFRSF1A to BMP1 Proteins Proteins sametype -0.104

ERP29 SPOCK2 ERP29 to SPOCK2 Proteins Proteins sametype -0.102

IGF2R RPS6KA5 IGF2R to RPS6KA5 Proteins Proteins sametype -0.102

PLAT MAPK12 PLAT to MAPK12 Proteins Proteins sametype -0.102

NTRK2 MMP1 NTRK2 to MMP1 Proteins Proteins sametype -0.102

IL2 IL22RA1 IL2 to IL22RA1 Proteins Proteins sametype -0.101

RETN BMP1 RETN to BMP1 Proteins Proteins sametype -0.098

RELT CST3 RELT to CST3 Proteins eGFRbiom diftype 0.104

IL19 PAPPA IL19 to PAPPA Proteins Proteins sametype -0.097

GHR ADIPOQ GHR to ADIPOQ Proteins Proteins sametype -0.094
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RPS6KA5 EPHA2 RPS6KA5 to EPHA2 Proteins Proteins sametype -0.094

PCGF2 ESAM PCGF2 to ESAM RNAs Proteins diftype 0.101

IGFBP2 BMP1 IGFBP2 to BMP1 Proteins Proteins sametype -0.093

TFE3 AGK TFE3 to AGK RNAs RNAs sametype -0.092

B2M IGF2R B2M to IGF2R Proteins Proteins sametype -0.09

SPINT1 MMP1 SPINT1 to MMP1 Proteins Proteins sametype -0.087

RPS6KA5 SPOCK2 RPS6KA5 to SPOCK2 Proteins Proteins sametype -0.087

CTSH PC aa C38:0 CTSH to PC aa C38:0 Proteins Metabolites diftype 0.093

CGA LHB CTSV CGA LHB to CTSV Proteins Proteins sametype -0.085

MASP1 SCARF1 MASP1 to SCARF1 Proteins Proteins sametype -0.083

JAM2 Creatinine JAM2 to Creatinine Proteins eGFRbiom diftype 0.086

SLC22A4 TNFRSF1A

SLC22A4 to 

TNFRSF1A RNAs Proteins diftype 0.09

RPS6KA5 UNC5C RPS6KA5 to UNC5C Proteins Proteins sametype -0.079

DUSP11 IL2 DUSP11 to IL2 RNAs Proteins diftype 0.09

ADAMTS13 MMP1 ADAMTS13 to MMP1 Proteins Proteins sametype -0.078

LAYN MAPK12 LAYN to MAPK12 Proteins Proteins sametype -0.078

TNFRSF1B SPOCK2 TNFRSF1B to SPOCK2 Proteins Proteins sametype -0.078

LAYN BMP1 LAYN to BMP1 Proteins Proteins sametype -0.077

RPS6KA5 NTRK2 RPS6KA5 to NTRK2 Proteins Proteins sametype -0.077

FN1 B2M FN1 to B2M Proteins Proteins sametype -0.076

IGFBP6 PLG IGFBP6 to PLG Proteins Proteins sametype -0.076

IL19 RPS6KA5 IL19 to RPS6KA5 Proteins Proteins sametype -0.075

JAM2 SPOCK2 JAM2 to SPOCK2 Proteins Proteins sametype -0.075

RPS6KA5 AMH RPS6KA5 to AMH Proteins Proteins sametype -0.075

ESAM IL19 ESAM to IL19 Proteins Proteins sametype -0.072

GHR CGA LHB GHR to CGA LHB Proteins Proteins sametype -0.072

SLC25A4 CNDP1 SLC25A4 to CNDP1 RNAs Proteins diftype 0.088

C5 Creatinine C5 to Creatinine Metabolites eGFRbiom diftype 0.063

ARG1 SLC25A4 ARG1 to SLC25A4 RNAs RNAs sametype -0.069

GHR MED1 GHR to MED1 Proteins Proteins sametype -0.069

PLG SCARF1 PLG to SCARF1 Proteins Proteins sametype -0.068

KDR MAPK12 KDR to MAPK12 Proteins Proteins sametype -0.067

SLC22A4 IGFBP2 SLC22A4 to IGFBP2 RNAs Proteins diftype 0.085

B2M SPOCK2 B2M to SPOCK2 Proteins Proteins sametype -0.064

PAX8 IL19 PAX8 to IL19 RNAs Proteins diftype 0.083

IGF2R MMP1 IGF2R to MMP1 Proteins Proteins sametype -0.062

ESAM FN1 ESAM to FN1 Proteins Proteins sametype -0.061

MED1 C1QBP MED1 to C1QBP Proteins Proteins sametype -0.061

C10:2 Creatinine C10:2 to Creatinine Metabolites eGFRbiom diftype 0.053

EGFR KIR2DL4 EGFR to KIR2DL4 Proteins Proteins sametype -0.059

ERP29 SOD2 ERP29 to SOD2 Proteins Proteins sametype -0.058

TFE3 ABCB1 TFE3 to ABCB1 RNAs RNAs sametype -0.056

DUSP11 TFE3 DUSP11 to TFE3 RNAs RNAs sametype -0.055

ESAM ACY1 ESAM to ACY1 Proteins Proteins sametype -0.055

Tyr SPOCK2 Tyr to SPOCK2 Metabolites Proteins diftype 0.082
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CNDP1 IL6 CNDP1 to IL6 Proteins Proteins sametype -0.054

MASP1 MED1 MASP1 to MED1 Proteins Proteins sametype -0.053

SLC25A4 PLAT SLC25A4 to PLAT RNAs Proteins diftype 0.08

ADAMTS13 SCARF1

ADAMTS13 to 

SCARF1 Proteins Proteins sametype -0.052

RPS6KA5 SEMA3E RPS6KA5 to SEMA3E Proteins Proteins sametype -0.052

ERBB3 RPS6KA5 ERBB3 to RPS6KA5 Proteins Proteins sametype -0.048

AMH SCARF1 AMH to SCARF1 Proteins Proteins sametype -0.048

CTSV RPS6KA5 CTSV to RPS6KA5 Proteins Proteins sametype -0.046

PAX8 TNFRSF1A PAX8 to TNFRSF1A RNAs Proteins diftype 0.08

SLC22A4 RPS6KA5 SLC22A4 to RPS6KA5 RNAs Proteins diftype 0.078

FSTL3 RPS6KA5 FSTL3 to RPS6KA5 Proteins Proteins sametype -0.044

IL6 NOTCH1 IL6 to NOTCH1 Proteins Proteins sametype -0.042

RET MAPK12 RET to MAPK12 Proteins Proteins sametype -0.039

GHR PAPPA GHR to PAPPA Proteins Proteins sametype -0.038

FN1 MMP1 FN1 to MMP1 Proteins Proteins sametype -0.036

MMP1 NOTCH1 MMP1 to NOTCH1 Proteins Proteins sametype -0.036

C14:1‐OH C18:1 C14:1‐OH to C18:1 Metabolites Metabolites sametype -0.036

CTSV B2M CTSV to B2M Proteins Proteins sametype -0.034

PAPPA SPOCK2 PAPPA to SPOCK2 Proteins Proteins sametype -0.033

TNFRSF1A RELT TNFRSF1A to RELT Proteins Proteins sametype -0.033

LYSMD2 EGFR LYSMD2 to EGFR CpGs Proteins diftype 0.076

JAM2 BMP1 JAM2 to BMP1 Proteins Proteins sametype -0.032

RET RPS6KA5 RET to RPS6KA5 Proteins Proteins sametype -0.032

EFNA5 MED1 EFNA5 to MED1 Proteins Proteins sametype -0.031

GHR MAPK12 GHR to MAPK12 Proteins Proteins sametype -0.031

IL6 C1QBP IL6 to C1QBP Proteins Proteins sametype -0.029

C14:1‐OH ADIPOQ C14:1‐OH to ADIPOQ Metabolites Proteins diftype 0.069

ERBB3 IL6 ERBB3 to IL6 Proteins Proteins sametype -0.028

SOD2 SCARF1 SOD2 to SCARF1 Proteins Proteins sametype -0.028

MCM3 KDR MCM3 to KDR RNAs Proteins diftype 0.068

EGFR SCARF1 EGFR to SCARF1 Proteins Proteins sametype -0.027

C10:2 RETN C10:2 to RETN Metabolites Proteins diftype 0.066

ESAM TNFRSF1B ESAM to TNFRSF1B Proteins Proteins sametype -0.025

C14:2 C18:1 C14:2 to C18:1 Metabolites Metabolites sametype -0.025

PNLIPRP2 B2M PNLIPRP2 to B2M RNAs Proteins diftype 0.064

C5 CST3 C5 to CST3 Metabolites eGFRbiom diftype 0.053

BMP1 SPOCK2 BMP1 to SPOCK2 Proteins Proteins sametype -0.023

EGFR IL19 EGFR to IL19 Proteins Proteins sametype -0.023

MASP1 MAPK12 MASP1 to MAPK12 Proteins Proteins sametype -0.023

BMP1 PAPPA BMP1 to PAPPA Proteins Proteins sametype -0.022

TNFRSF1B TNFRSF19

TNFRSF1B to 

TNFRSF19 Proteins Proteins sametype -0.022

MED1 NOTCH1 MED1 to NOTCH1 Proteins Proteins sametype -0.021

EGFR MMP1 EGFR to MMP1 Proteins Proteins sametype -0.02

AMH MAPK12 AMH to MAPK12 Proteins Proteins sametype -0.02

C10:2 C8 C10:2 to C8 Metabolites Metabolites sametype -0.017
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ARG1 ERP29 ARG1 to ERP29 RNAs Proteins diftype 0.062

TFE3 TTF2 TFE3 to TTF2 RNAs RNAs sametype -0.016

DUSP11 CTSV DUSP11 to CTSV RNAs Proteins diftype 0.059

C18:1 IGFBP2 C18:1 to IGFBP2 Metabolites Proteins diftype 0.059

CTSH UNC5C CTSH to UNC5C Proteins Proteins sametype -0.014

CLEC4M IL6 CLEC4M to IL6 Proteins Proteins sametype -0.014

IGFBP6 JAM2 IGFBP6 to JAM2 Proteins Proteins sametype -0.014

CTSV SOD2 CTSV to SOD2 Proteins Proteins sametype -0.013

EFNA5 TFF3 EFNA5 to TFF3 Proteins Proteins sametype -0.012

ESAM CLEC4M ESAM to CLEC4M Proteins Proteins sametype -0.012

FN1 IL6 FN1 to IL6 Proteins Proteins sametype -0.012

RELT HAVCR2 RELT to HAVCR2 Proteins Proteins sametype -0.012

FN1 SCARF1 FN1 to SCARF1 Proteins Proteins sametype -0.011

IGFBP2 TNFRSF1B IGFBP2 to TNFRSF1B Proteins Proteins sametype -0.011

AGK CNDP1 AGK to CNDP1 RNAs Proteins diftype 0.055

TNFRSF1A B2M TNFRSF1A to B2M Proteins Proteins sametype -0.011

C10 C14:2 C10 to C14:2 Metabolites Metabolites sametype -0.011

CTSV C1QBP CTSV to C1QBP Proteins Proteins sametype -0.01

LAYN NBL1 LAYN to NBL1 Proteins Proteins sametype -0.01

LAYN RELT LAYN to RELT Proteins Proteins sametype -0.01

TNFRSF1A CST3 TNFRSF1A to CST3 Proteins eGFRbiom diftype 0.047

EPHA2 UNC5C EPHA2 to UNC5C Proteins Proteins sametype -0.009

B2M PAPPA B2M to PAPPA Proteins Proteins sametype -0.008

CNDP1 SPOCK2 CNDP1 to SPOCK2 Proteins Proteins sametype -0.007

RPS6KA5 C1QBP RPS6KA5 to C1QBP Proteins Proteins sametype -0.005

TNFRSF1B TFF3 TNFRSF1B to TFF3 Proteins Proteins sametype -0.005

B2M ERP29 B2M to ERP29 Proteins Proteins sametype -0.004

EFNA5 TNFRSF19 EFNA5 to TNFRSF19 Proteins Proteins sametype -0.004

EGFR ERP29 EGFR to ERP29 Proteins Proteins sametype -0.004

EGFR IL6 EGFR to IL6 Proteins Proteins sametype -0.003

ESAM BMP1 ESAM to BMP1 Proteins Proteins sametype -0.002

GHR C1QBP GHR to C1QBP Proteins Proteins sametype -0.002

CLEC4M MASP1 CLEC4M to MASP1 Proteins Proteins sametype -0.001

LAYN CTSH LAYN to CTSH Proteins Proteins sametype -0.001

GHR ADAMTS13 GHR to ADAMTS13 Proteins Proteins sametype 0

AGK MCM3 AGK to MCM3 RNAs RNAs sametype 0.001

PAX8 FN1 PAX8 to FN1 RNAs Proteins diftype 0.054

NBL1 FSTL3 NBL1 to FSTL3 Proteins Proteins sametype 0.002

C14:1‐OH C6(C4:1‐DC)

C14:1‐OH to 

C6(C4:1‐DC) Metabolites Metabolites sametype 0.002

IGFBP2 IGFBP6 IGFBP2 to IGFBP6 Proteins Proteins sametype 0.003

IGFBP2 FSTL3 IGFBP2 to FSTL3 Proteins Proteins sametype 0.004

TNFRSF1A PAPPA TNFRSF1A to PAPPA Proteins Proteins sametype 0.004

FN1 CNDP1 FN1 to CNDP1 Proteins Proteins sametype 0.005

CGA LHB CST3 CGA LHB to CST3 Proteins eGFRbiom diftype 0.043

CTSH CST3 CTSH to CST3 Proteins eGFRbiom diftype 0.031
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C10:2 CST3 C10:2 to CST3 Metabolites eGFRbiom diftype 0.031

ERBB3 AMH ERBB3 to AMH Proteins Proteins sametype 0.006

DUSP11 C1QBP DUSP11 to C1QBP RNAs Proteins diftype 0.046

C14:2 C8 C14:2 to C8 Metabolites Metabolites sametype 0.006

C12 C16 C12 to C16 Metabolites Metabolites sametype 0.006

EGFR FCN3 EGFR to FCN3 Proteins Proteins sametype 0.007

IGFBP2 NBL1 IGFBP2 to NBL1 Proteins Proteins sametype 0.007

KDR C1QBP KDR to C1QBP Proteins Proteins sametype 0.008

C1QBP NOTCH1 C1QBP to NOTCH1 Proteins Proteins sametype 0.009

CTSV NTRK2 CTSV to NTRK2 Proteins Proteins sametype 0.01

C6(C4:1‐DC) C8:1 C6(C4:1‐DC) to C8:1 Metabolites Metabolites sametype 0.01

ESAM ERP29 ESAM to ERP29 Proteins Proteins sametype 0.011

RETN TNFRSF1B RETN to TNFRSF1B Proteins Proteins sametype 0.011

PLAT AMH PLAT to AMH Proteins Proteins sametype 0.011

C16 C6(C4:1‐DC) C16 to C6(C4:1‐DC) Metabolites Metabolites sametype 0.011

ADAMTS13 CTSV ADAMTS13 to CTSV Proteins Proteins sametype 0.012

ERP29 CST3 ERP29 to CST3 Proteins eGFRbiom diftype 0.015

PAX8 EPHA2 PAX8 to EPHA2 RNAs Proteins diftype 0.034

C6(C4:1‐DC) CST3 C6(C4:1‐DC) to CST3 Metabolites eGFRbiom diftype 0.015

SLC22A4 SLC25A4 SLC22A4 to SLC25A4 RNAs RNAs sametype 0.014

IGFBP2 ESAM IGFBP2 to ESAM Proteins Proteins sametype 0.014

IGFBP2 UNC5C IGFBP2 to UNC5C Proteins Proteins sametype 0.014

IL19 CNDP1 IL19 to CNDP1 Proteins Proteins sametype 0.014

RPS6KA5 NOTCH1 RPS6KA5 to NOTCH1 Proteins Proteins sametype 0.014

ACY1 SPOCK2 ACY1 to SPOCK2 Proteins Proteins sametype 0.015

RELT Creatinine RELT to Creatinine Proteins eGFRbiom diftype 0.013

TNFRSF1A ERP29 TNFRSF1A to ERP29 Proteins Proteins sametype 0.015

TNFRSF1B BMP1 TNFRSF1B to BMP1 Proteins Proteins sametype 0.015

C14:1 C6(C4:1‐DC) C14:1 to C6(C4:1‐DC) Metabolites Metabolites sametype 0.015

RETN CST3 RETN to CST3 Proteins eGFRbiom diftype 0.012

EGFR AMH EGFR to AMH Proteins Proteins sametype 0.016

FSTL3 PAPPA FSTL3 to PAPPA Proteins Proteins sametype 0.016

LAYN RETN LAYN to RETN Proteins Proteins sametype 0.016

MASP1 RPS6KA5 MASP1 to RPS6KA5 Proteins Proteins sametype 0.017

TNFRSF1A TNFRSF19

TNFRSF1A to 

TNFRSF19 Proteins Proteins sametype 0.018

C2 C8:1 C2 to C8:1 Metabolites Metabolites sametype 0.018

CTSH TNFRSF19 CTSH to TNFRSF19 Proteins Proteins sametype 0.019

IGFBP6 PAPPA IGFBP6 to PAPPA Proteins Proteins sametype 0.019

TFF3 RELT TFF3 to RELT Proteins Proteins sametype 0.019

PLAT CLEC4M PLAT to CLEC4M Proteins Proteins sametype 0.019

IGFBP2 B2M IGFBP2 to B2M Proteins Proteins sametype 0.02

ERBB3 NOTCH1 ERBB3 to NOTCH1 Proteins Proteins sametype 0.021

TNFRSF1A HAVCR2

TNFRSF1A to 

HAVCR2 Proteins Proteins sametype 0.021

MAPK12 NOTCH1 MAPK12 to NOTCH1 Proteins Proteins sametype 0.023

LAYN PAPPA LAYN to PAPPA Proteins Proteins sametype 0.024
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C14:2 C6(C4:1‐DC) C14:2 to C6(C4:1‐DC) Metabolites Metabolites sametype 0.024

CTSV NOTCH1 CTSV to NOTCH1 Proteins Proteins sametype 0.025

ERBB3 IL2 ERBB3 to IL2 Proteins Proteins sametype 0.025

JAM2 TNFRSF19 JAM2 to TNFRSF19 Proteins Proteins sametype 0.025

NBL1 B2M NBL1 to B2M Proteins Proteins sametype 0.026

SPINT1 NTRK2 SPINT1 to NTRK2 Proteins Proteins sametype 0.026

GHR AMH GHR to AMH Proteins Proteins sametype 0.027

IGFBP6 RETN IGFBP6 to RETN Proteins Proteins sametype 0.028

TNFRSF1B EPHA2 TNFRSF1B to EPHA2 Proteins Proteins sametype 0.028

MASP1 NOTCH1 MASP1 to NOTCH1 Proteins Proteins sametype 0.029

ADAMTS13 MASP1 ADAMTS13 to MASP1 Proteins Proteins sametype 0.03

EPHA2 RELT EPHA2 to RELT Proteins Proteins sametype 0.03

NBL1 CST3 NBL1 to CST3 Proteins eGFRbiom diftype 0.006

IL2 CNDP1 IL2 to CNDP1 Proteins Proteins sametype 0.031

C14:1‐OH CST3 C14:1‐OH to CST3 Metabolites eGFRbiom diftype 0.006

C16 C2 C16 to C2 Metabolites Metabolites sametype 0.031

C14:1 C16 C14:1 to C16 Metabolites Metabolites sametype 0.031

EFNA5 FSTL3 EFNA5 to FSTL3 Proteins Proteins sametype 0.032

TNFRSF19 HAVCR2

TNFRSF19 to 

HAVCR2 Proteins Proteins sametype 0.032

NTRK2 SPOCK2 NTRK2 to SPOCK2 Proteins Proteins sametype 0.032

NBL1 CTSH NBL1 to CTSH Proteins Proteins sametype 0.033

JAM2 EPHA2 JAM2 to EPHA2 Proteins Proteins sametype 0.033

C14:2 CST3 C14:2 to CST3 Metabolites eGFRbiom diftype 0.005

CLEC4M IGF2R CLEC4M to IGF2R Proteins Proteins sametype 0.034

EPHA2 NOTCH1 EPHA2 to NOTCH1 Proteins Proteins sametype 0.034

TNFRSF1A CTSH TNFRSF1A to CTSH Proteins Proteins sametype 0.034

RETN CTSH RETN to CTSH Proteins Proteins sametype 0.035

C10 C6(C4:1‐DC) C10 to C6(C4:1‐DC) Metabolites Metabolites sametype 0.035

CTSH PAPPA CTSH to PAPPA Proteins Proteins sametype 0.036

LAYN TNFRSF19 LAYN to TNFRSF19 Proteins Proteins sametype 0.036

LAYN TFF3 LAYN to TFF3 Proteins Proteins sametype 0.036

CTSV MASP1 CTSV to MASP1 Proteins Proteins sametype 0.037

IL19 IGF2R IL19 to IGF2R Proteins Proteins sametype 0.037

PLAT ACY1 PLAT to ACY1 Proteins Proteins sametype 0.037

TFF3 UNC5C TFF3 to UNC5C Proteins Proteins sametype 0.038

SPINT1 NOTCH1 SPINT1 to NOTCH1 Proteins Proteins sametype 0.039

IGFBP6 B2M IGFBP6 to B2M Proteins Proteins sametype 0.039

C10:2 C6(C4:1‐DC) C10:2 to C6(C4:1‐DC) Metabolites Metabolites sametype 0.039

EPHA2 TNFRSF19 EPHA2 to TNFRSF19 Proteins Proteins sametype 0.04

EGFR FGF20 EGFR to FGF20 Proteins Proteins sametype 0.04

GHR KDR GHR to KDR Proteins Proteins sametype 0.04

LAYN HAVCR2 LAYN to HAVCR2 Proteins Proteins sametype 0.04

ERBB3 RET ERBB3 to RET Proteins Proteins sametype 0.041

LAYN EPHA2 LAYN to EPHA2 Proteins Proteins sametype 0.041

TNFRSF1A ESAM TNFRSF1A to ESAM Proteins Proteins sametype 0.041
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EFNA5 NTRK2 EFNA5 to NTRK2 Proteins Proteins sametype 0.042

PLAT GHR PLAT to GHR Proteins Proteins sametype 0.042

EFNA5 CTSH EFNA5 to CTSH Proteins Proteins sametype 0.043

C14:1‐OH B2M C14:1‐OH to B2M Metabolites Proteins diftype 0.012

EFNA5 UNC5C EFNA5 to UNC5C Proteins Proteins sametype 0.044

FSTL3 CTSH FSTL3 to CTSH Proteins Proteins sametype 0.044

IL2 ADAMTS13 IL2 to ADAMTS13 Proteins Proteins sametype 0.044

BMP1 CTSV BMP1 to CTSV Proteins Proteins sametype 0.045

IGFBP2 RETN IGFBP2 to RETN Proteins Proteins sametype 0.045

SLC22A4 CTSV SLC22A4 to CTSV RNAs Proteins diftype 0.006

TNFRSF1A TFF3 TNFRSF1A to TFF3 Proteins Proteins sametype 0.046

TNFRSF1B PAPPA TNFRSF1B to PAPPA Proteins Proteins sametype 0.046

AMH SOD2 AMH to SOD2 Proteins Proteins sametype 0.047

SOD2 NOTCH1 SOD2 to NOTCH1 Proteins Proteins sametype 0.047

C12 CST3 C12 to CST3 Metabolites eGFRbiom diftype 0.001

C6(C4:1‐DC) SM C18:1

C6(C4:1‐DC) to SM 

C18:1 Metabolites Metabolites sametype 0.047

IGFBP2 EFNA5 IGFBP2 to EFNA5 Proteins Proteins sametype 0.048

TFE3 ARG1 TFE3 to ARG1 RNAs RNAs sametype 0.049

ADAMTS13 RET ADAMTS13 to RET Proteins Proteins sametype 0.049

CLEC4M SOD2 CLEC4M to SOD2 Proteins Proteins sametype 0.049

ERBB3 CNDP1 ERBB3 to CNDP1 Proteins Proteins sametype 0.049

FN1 NOTCH1 FN1 to NOTCH1 Proteins Proteins sametype 0.049

C6(C4:1‐DC) C5 C6(C4:1‐DC) to C5 Metabolites Metabolites sametype 0.049

NBL1 TNFRSF19 NBL1 to TNFRSF19 Proteins Proteins sametype 0.05

EGFR NTRK2 EGFR to NTRK2 Proteins Proteins sametype 0.05

IL19 SPOCK2 IL19 to SPOCK2 Proteins Proteins sametype 0.05

IL19 MASP1 IL19 to MASP1 Proteins Proteins sametype 0.051

MASP1 IGF2R MASP1 to IGF2R Proteins Proteins sametype 0.051

MMP1 SCARF1 MMP1 to SCARF1 Proteins Proteins sametype 0.051

NTRK2 SEMA3E NTRK2 to SEMA3E Proteins Proteins sametype 0.051

PLAT FCN3 PLAT to FCN3 Proteins Proteins sametype 0.053

IGFBP6 CST3 IGFBP6 to CST3 Proteins eGFRbiom diftype -0.011

ABCB1 CST3 ABCB1 to CST3 RNAs eGFRbiom diftype -0.024

SPOCK2 CST3 SPOCK2 to CST3 Proteins eGFRbiom diftype -0.029

BMP1 SOD2 BMP1 to SOD2 Proteins Proteins sametype 0.054

FGF20 CTSV FGF20 to CTSV Proteins Proteins sametype 0.054

TNFRSF1A RETN TNFRSF1A to RETN Proteins Proteins sametype 0.054

PLAT C1QBP PLAT to C1QBP Proteins Proteins sametype 0.054

C18:1 GHR C18:1 to GHR Metabolites Proteins diftype -0.01

NBL1 UNC5C NBL1 to UNC5C Proteins Proteins sametype 0.055

CLEC4M ACY1 CLEC4M to ACY1 Proteins Proteins sametype 0.055

DUSP11 CST3 DUSP11 to CST3 RNAs eGFRbiom diftype -0.044

ADAMTS13 NOTCH1

ADAMTS13 to 

NOTCH1 Proteins Proteins sametype 0.056

ERBB3 ADAMTS13 ERBB3 to ADAMTS13 Proteins Proteins sametype 0.056

C14:1 C2 C14:1 to C2 Metabolites Metabolites sametype 0.056
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FSTL3 TFF3 FSTL3 to TFF3 Proteins Proteins sametype 0.057

TNFRSF1A NBL1 TNFRSF1A to NBL1 Proteins Proteins sametype 0.057

ERP29 HAVCR2 ERP29 to HAVCR2 Proteins Proteins sametype 0.058

IGFBP2 PAPPA IGFBP2 to PAPPA Proteins Proteins sametype 0.058

PCGF2 SPOCK2 PCGF2 to SPOCK2 RNAs Proteins diftype -0.014

C12 EGFR C12 to EGFR Metabolites Proteins diftype -0.015

ADAMTS13 NTRK2 ADAMTS13 to NTRK2 Proteins Proteins sametype 0.06

FGF20 NTRK2 FGF20 to NTRK2 Proteins Proteins sametype 0.061

C10:2 C14:2 C10:2 to C14:2 Metabolites Metabolites sametype 0.061

C18:1 EGFR C18:1 to EGFR Metabolites Proteins diftype -0.017

NBL1 ESAM NBL1 to ESAM Proteins Proteins sametype 0.062

IL2 RET IL2 to RET Proteins Proteins sametype 0.062

RETN TNFRSF19 RETN to TNFRSF19 Proteins Proteins sametype 0.062

EGFR IGF2R EGFR to IGF2R Proteins Proteins sametype 0.063

ERBB3 SOD2 ERBB3 to SOD2 Proteins Proteins sametype 0.063

PAPPA TFF3 PAPPA to TFF3 Proteins Proteins sametype 0.063

EGFR CST3 EGFR to CST3 Proteins eGFRbiom diftype -0.06

SLC25A4 CTSH SLC25A4 to CTSH RNAs Proteins diftype -0.024

FSTL3 UNC5C FSTL3 to UNC5C Proteins Proteins sametype 0.064

IL2 AMH IL2 to AMH Proteins Proteins sametype 0.064

MASP1 NTRK2 MASP1 to NTRK2 Proteins Proteins sametype 0.064

SPINT1 EPHA2 SPINT1 to EPHA2 Proteins Proteins sametype 0.065

C10:2 C14:1‐OH C10:2 to C14:1‐OH Metabolites Metabolites sametype 0.065

CTSH RELT CTSH to RELT Proteins Proteins sametype 0.066

SPINT1 SEMA3E SPINT1 to SEMA3E Proteins Proteins sametype 0.066

MCM3 ERP29 MCM3 to ERP29 RNAs Proteins diftype -0.026

EGFR PLG EGFR to PLG Proteins Proteins sametype 0.067

EGFR CLEC4M EGFR to CLEC4M Proteins Proteins sametype 0.067

FGF20 FCN3 FGF20 to FCN3 Proteins Proteins sametype 0.067

CGA LHB B2M CGA LHB to B2M Proteins Proteins sametype 0.067

RET ACY1 RET to ACY1 Proteins Proteins sametype 0.067

C16 EGFR C16 to EGFR Metabolites Proteins diftype -0.028

CTSH TFF3 CTSH to TFF3 Proteins Proteins sametype 0.068

FSTL3 EPHA2 FSTL3 to EPHA2 Proteins Proteins sametype 0.068

EGFR SOD2 EGFR to SOD2 Proteins Proteins sametype 0.069

PAPPA UNC5C PAPPA to UNC5C Proteins Proteins sametype 0.069

CTSV CST3 CTSV to CST3 Proteins eGFRbiom diftype -0.066

C16 C5 C16 to C5 Metabolites Metabolites sametype 0.069

KDR IGF2R KDR to IGF2R Proteins Proteins sametype 0.07

C10:2 Tyr C10:2 to Tyr Metabolites Metabolites sametype 0.07

TTF2 SLC25A4 TTF2 to SLC25A4 RNAs RNAs sametype 0.071

IGFBP6 TNFRSF19 IGFBP6 to TNFRSF19 Proteins Proteins sametype 0.071

ADAMTS13 BMP1 ADAMTS13 to BMP1 Proteins Proteins sametype 0.072

JAM2 ERP29 JAM2 to ERP29 Proteins Proteins sametype 0.072

LAYN TNFRSF1B LAYN to TNFRSF1B Proteins Proteins sametype 0.072
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TNFRSF1A UNC5C TNFRSF1A to UNC5C Proteins Proteins sametype 0.072

BMP1 FCN3 BMP1 to FCN3 Proteins Proteins sametype 0.073

CTSV SPOCK2 CTSV to SPOCK2 Proteins Proteins sametype 0.073

ESAM PAPPA ESAM to PAPPA Proteins Proteins sametype 0.073

IL19 CTSV IL19 to CTSV Proteins Proteins sametype 0.073

C2 C5 C2 to C5 Metabolites Metabolites sametype 0.073

RET NTRK2 RET to NTRK2 Proteins Proteins sametype 0.074

C10 C10:2 C10 to C10:2 Metabolites Metabolites sametype 0.074

DUSP11 SLC25A4 DUSP11 to SLC25A4 RNAs RNAs sametype 0.075

ERBB3 BMP1 ERBB3 to BMP1 Proteins Proteins sametype 0.075

ERBB3 FGF9 ERBB3 to FGF9 Proteins Proteins sametype 0.075

C18:1 BMP1 C18:1 to BMP1 Metabolites Proteins diftype -0.033

GHR BMP1 GHR to BMP1 Proteins Proteins sametype 0.076

IGFBP2 CTSH IGFBP2 to CTSH Proteins Proteins sametype 0.076

NOTCH1 RELT NOTCH1 to RELT Proteins Proteins sametype 0.076

CNDP1 AMH CNDP1 to AMH Proteins Proteins sametype 0.077

ERBB3 CTSV ERBB3 to CTSV Proteins Proteins sametype 0.077

ESAM JAM2 ESAM to JAM2 Proteins Proteins sametype 0.077

RPS6KA5 KIR2DL4 RPS6KA5 to KIR2DL4 Proteins Proteins sametype 0.077

DUSP11 Creatinine DUSP11 to Creatinine RNAs eGFRbiom diftype -0.069

KDR AMH KDR to AMH Proteins Proteins sametype 0.078

C14:1 SM C18:1 C14:1 to SM C18:1 Metabolites Metabolites sametype 0.078

IGFBP6 ERP29 IGFBP6 to ERP29 Proteins Proteins sametype 0.079

TTF2 Creatinine TTF2 to Creatinine RNAs eGFRbiom diftype -0.078

DUSP11 AGK DUSP11 to AGK RNAs RNAs sametype 0.08

SLC25A4 PAPPA SLC25A4 to PAPPA RNAs Proteins diftype -0.052

LAYN UNC5C LAYN to UNC5C Proteins Proteins sametype 0.08

IGFBP2 LAYN IGFBP2 to LAYN Proteins Proteins sametype 0.081

SLC22A4 NOTCH1 SLC22A4 to NOTCH1 RNAs Proteins diftype -0.054

C1QBP CST3 C1QBP to CST3 Proteins eGFRbiom diftype -0.111

DUSP11 CTSH DUSP11 to CTSH RNAs Proteins diftype -0.063

ESAM MMP1 ESAM to MMP1 Proteins Proteins sametype 0.083

SPINT1 SOD2 SPINT1 to SOD2 Proteins Proteins sametype 0.083

IGFBP6 FSTL3 IGFBP6 to FSTL3 Proteins Proteins sametype 0.083

IGFBP6 RELT IGFBP6 to RELT Proteins Proteins sametype 0.083

MED1 MAPK12 MED1 to MAPK12 Proteins Proteins sametype 0.083

C14:1‐OH C14:2 C14:1‐OH to C14:2 Metabolites Metabolites sametype 0.083

IL19 NTRK2 IL19 to NTRK2 Proteins Proteins sametype 0.084

MASP1 SPOCK2 MASP1 to SPOCK2 Proteins Proteins sametype 0.084

Creatinine CST3 Creatinine to CST3 eGFRbiom eGFRbiom sametype 0.431

JAM2 RELT JAM2 to RELT Proteins Proteins sametype 0.085

SLC22A4 Urine albumin

SLC22A4 to Urine 

albumin RNAs UACRbiom diftype 0.09

AGK RETN AGK to RETN RNAs Proteins diftype -0.071

GHR ACY1 GHR to ACY1 Proteins Proteins sametype 0.088

ERP29 Urine albumin ERP29 to Urine albumin Proteins UACRbiom diftype 0.082
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ARG1 CTSV ARG1 to CTSV RNAs Proteins diftype -0.079

SLC22A4 SPINT1 SLC22A4 to SPINT1 RNAs Proteins diftype -0.08

PLAT SPOCK2 PLAT to SPOCK2 Proteins Proteins sametype 0.09

SPINT1 MASP1 SPINT1 to MASP1 Proteins Proteins sametype 0.091

ERBB3 GHR ERBB3 to GHR Proteins Proteins sametype 0.092

SLC22A4 IL19 SLC22A4 to IL19 RNAs Proteins diftype -0.086

IGFBP6 NBL1 IGFBP6 to NBL1 Proteins Proteins sametype 0.093

MAPK12 KIR2DL4 MAPK12 to KIR2DL4 Proteins Proteins sametype 0.093

ACY1 MASP1 ACY1 to MASP1 Proteins Proteins sametype 0.094

IL19 ACY1 IL19 to ACY1 Proteins Proteins sametype 0.094

LAYN NOTCH1 LAYN to NOTCH1 Proteins Proteins sametype 0.094

MCM3 TTF2 MCM3 to TTF2 RNAs RNAs sametype 0.095

C16 Tyr C16 to Tyr Metabolites Metabolites sametype 0.095

IGFBP2 ADIPOQ IGFBP2 to ADIPOQ Proteins Proteins sametype 0.096

NOTCH1 SPOCK2 NOTCH1 to SPOCK2 Proteins Proteins sametype 0.096

C14:1‐OH C2 C14:1‐OH to C2 Metabolites Metabolites sametype 0.096

IGFBP2 NOTCH1 IGFBP2 to NOTCH1 Proteins Proteins sametype 0.097

IL2 FN1 IL2 to FN1 Proteins Proteins sametype 0.097

JAM2 HAVCR2 JAM2 to HAVCR2 Proteins Proteins sametype 0.097

RETN PAPPA RETN to PAPPA Proteins Proteins sametype 0.098

PLG AMH PLG to AMH Proteins Proteins sametype 0.099

NBL1 EPHA2 NBL1 to EPHA2 Proteins Proteins sametype 0.099

NBL1 SCARF1 NBL1 to SCARF1 Proteins Proteins sametype 0.099

IGFBP6 ESAM IGFBP6 to ESAM Proteins Proteins sametype 0.099

C14:2 C2 C14:2 to C2 Metabolites Metabolites sametype 0.1

C18:1 Urine albumin C18:1 to Urine albumin Metabolites UACRbiom diftype 0.055

IGFBP6 CTSH IGFBP6 to CTSH Proteins Proteins sametype 0.101

RPS6KA5 IL6 RPS6KA5 to IL6 Proteins Proteins sametype 0.101

PLAT FGF9 PLAT to FGF9 Proteins Proteins sametype 0.101

IL19 NOTCH1 IL19 to NOTCH1 Proteins Proteins sametype 0.103

IGFBP2 TFF3 IGFBP2 to TFF3 Proteins Proteins sametype 0.104

ARG1 NTRK2 ARG1 to NTRK2 RNAs Proteins diftype -0.097

TNFRSF1A EPHA2 TNFRSF1A to EPHA2 Proteins Proteins sametype 0.104

NOTCH1 SEMA3E NOTCH1 to SEMA3E Proteins Proteins sametype 0.106

TNFRSF1A FSTL3 TNFRSF1A to FSTL3 Proteins Proteins sametype 0.107

B2M RELT B2M to RELT Proteins Proteins sametype 0.108

PNLIPRP2 CLEC4M PNLIPRP2 to CLEC4M RNAs Proteins diftype -0.106

MASP1 FCN3 MASP1 to FCN3 Proteins Proteins sametype 0.11

EFNA5 NOTCH1 EFNA5 to NOTCH1 Proteins Proteins sametype 0.111

IL2 BMP1 IL2 to BMP1 Proteins Proteins sametype 0.111

TNFRSF1A IGFBP6 TNFRSF1A to IGFBP6 Proteins Proteins sametype 0.111

C14:2 C8:1 C14:2 to C8:1 Metabolites Metabolites sametype 0.112

ERP29 MAPK12 ERP29 to MAPK12 Proteins Proteins sametype 0.113

GHR NTRK2 GHR to NTRK2 Proteins Proteins sametype 0.115

SLC25A4 IL22RA1 SLC25A4 to IL22RA1 RNAs Proteins diftype -0.111



166 

 

TNFRSF1B CTSH TNFRSF1B to CTSH Proteins Proteins sametype 0.117

NTRK2 TNFRSF19 NTRK2 to TNFRSF19 Proteins Proteins sametype 0.117

Tyr PC aa C38:0 Tyr to PC aa C38:0 Metabolites Metabolites sametype 0.118

IL2 PLG IL2 to PLG Proteins Proteins sametype 0.121

RETN RELT RETN to RELT Proteins Proteins sametype 0.123

IL22RA1 CTSH IL22RA1 to CTSH Proteins Proteins sametype 0.124

ERBB3 KDR ERBB3 to KDR Proteins Proteins sametype 0.125

TFF3 AMH TFF3 to AMH Proteins Proteins sametype 0.126

EGFR Urine albumin EGFR to Urine albumin Proteins UACRbiom diftype -0.046

MCM3 Urine albumin

MCM3 to Urine 

albumin RNAs UACRbiom diftype -0.093

MASP1 EPHA2 MASP1 to EPHA2 Proteins Proteins sametype 0.128

SM C18:1 PC aa C38:0

SM C18:1 to PC aa 

C38:0 Metabolites Metabolites sametype 0.129

NTRK2 NOTCH1 NTRK2 to NOTCH1 Proteins Proteins sametype 0.13

EPHA2 ERP29 EPHA2 to ERP29 Proteins Proteins sametype 0.134

SEMA3E SM C18:1 SEMA3E to SM C18:1 Proteins Metabolites diftype -0.135

AMH NOTCH1 AMH to NOTCH1 Proteins Proteins sametype 0.137

PCGF2 SOD2 PCGF2 to SOD2 RNAs Proteins diftype -0.136

PNLIPRP2 PLAT PNLIPRP2 to PLAT RNAs Proteins diftype -0.138

GHR CNDP1 GHR to CNDP1 Proteins Proteins sametype 0.139

RPS6KA5 MED1 RPS6KA5 to MED1 Proteins Proteins sametype 0.139

EFNA5 EPHA2 EFNA5 to EPHA2 Proteins Proteins sametype 0.141

LAYN FSTL3 LAYN to FSTL3 Proteins Proteins sametype 0.141

MCM3 SLC25A4 MCM3 to SLC25A4 RNAs RNAs sametype 0.142

PCGF2 FGF20 PCGF2 to FGF20 RNAs Proteins diftype -0.143

Tyr IGFBP2 Tyr to IGFBP2 Metabolites Proteins diftype -0.152

MAPK12 SCARF1 MAPK12 to SCARF1 Proteins Proteins sametype 0.142

RELT TNFRSF19 RELT to TNFRSF19 Proteins Proteins sametype 0.143

TNFRSF1B FSTL3 TNFRSF1B to FSTL3 Proteins Proteins sametype 0.143

ERBB3 PLG ERBB3 to PLG Proteins Proteins sametype 0.145

C10:2 PC aa C38:0 C10:2 to PC aa C38:0 Metabolites Metabolites sametype 0.145

ADIPOQ EPHA2 ADIPOQ to EPHA2 Proteins Proteins sametype 0.147

RPS6KA5 ERP29 RPS6KA5 to ERP29 Proteins Proteins sametype 0.149

MCM3 ABCB1 MCM3 to ABCB1 RNAs RNAs sametype 0.15

NKD2 KIR2DL4 NKD2 to KIR2DL4 RNAs Proteins diftype -0.158

NEURL3 NAPA NEURL3 to NAPA CpGs CpGs sametype 0.151

FGF20 SPOCK2 FGF20 to SPOCK2 Proteins Proteins sametype 0.151

ESAM UNC5C ESAM to UNC5C Proteins Proteins sametype 0.152

DUSP11 TTF2 DUSP11 to TTF2 RNAs RNAs sametype 0.153

RPS6KA5 MAPK12 RPS6KA5 to MAPK12 Proteins Proteins sametype 0.155

ERBB3 EGFR ERBB3 to EGFR Proteins Proteins sametype 0.158

EFNA5 JAM2 EFNA5 to JAM2 Proteins Proteins sametype 0.161

EFNA5 LAYN EFNA5 to LAYN Proteins Proteins sametype 0.161

CLEC4M AMH CLEC4M to AMH Proteins Proteins sametype 0.163

NOTCH1 UNC5C NOTCH1 to UNC5C Proteins Proteins sametype 0.163

EGFR KDR EGFR to KDR Proteins Proteins sametype 0.164
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LAYN JAM2 LAYN to JAM2 Proteins Proteins sametype 0.167

FN1 SOD2 FN1 to SOD2 Proteins Proteins sametype 0.168

IGFBP2 FN1 IGFBP2 to FN1 Proteins Proteins sametype 0.17

SLC22A4 TFE3 SLC22A4 to TFE3 RNAs RNAs sametype 0.171

FN1 IGF2R FN1 to IGF2R Proteins Proteins sametype 0.172

B2M CTSH B2M to CTSH Proteins Proteins sametype 0.174

BMP1 PLG BMP1 to PLG Proteins Proteins sametype 0.175

FSTL3 RELT FSTL3 to RELT Proteins Proteins sametype 0.176

C2 C6(C4:1‐DC) C2 to C6(C4:1‐DC) Metabolites Metabolites sametype 0.177

B2M TFF3 B2M to TFF3 Proteins Proteins sametype 0.178

GHR FCN3 GHR to FCN3 Proteins Proteins sametype 0.179

EGFR FN1 EGFR to FN1 Proteins Proteins sametype 0.181

ADIPOQ NTRK2 ADIPOQ to NTRK2 Proteins Proteins sametype 0.183

EFNA5 SPINT1 EFNA5 to SPINT1 Proteins Proteins sametype 0.184

TFE3 MMP1 TFE3 to MMP1 RNAs Proteins diftype -0.168

EFNA5 IL2 EFNA5 to IL2 Proteins Proteins sametype 0.187

EFNA5 RELT EFNA5 to RELT Proteins Proteins sametype 0.187

C14:1 C14:1‐OH C14:1 to C14:1‐OH Metabolites Metabolites sametype 0.193

AGK TTF2 AGK to TTF2 RNAs RNAs sametype 0.195

EGFR CNDP1 EGFR to CNDP1 Proteins Proteins sametype 0.196

SLC22A4 ARG1 SLC22A4 to ARG1 RNAs RNAs sametype 0.197

C14:1‐OH C16 C14:1‐OH to C16 Metabolites Metabolites sametype 0.198

PLAT TNFRSF1A PLAT to TNFRSF1A Proteins Proteins sametype 0.2

IL22RA1 IL6 IL22RA1 to IL6 Proteins Proteins sametype 0.202

C12 C14:1‐OH C12 to C14:1‐OH Metabolites Metabolites sametype 0.205

NEURL3 LYSMD2 NEURL3 to LYSMD2 CpGs CpGs sametype 0.206

RET TFF3 RET to TFF3 Proteins Proteins sametype 0.208

KDR FCN3 KDR to FCN3 Proteins Proteins sametype 0.208

NKD2 PLG NKD2 to PLG RNAs Proteins diftype -0.178

TNFRSF1B B2M TNFRSF1B to B2M Proteins Proteins sametype 0.209

EPHA2 HAVCR2 EPHA2 to HAVCR2 Proteins Proteins sametype 0.211

C5 Tyr C5 to Tyr Metabolites Metabolites sametype 0.212

CDC14A JAM2 CDC14A to JAM2 RNAs Proteins diftype -0.218

IL19 ADAMTS13 IL19 to ADAMTS13 Proteins Proteins sametype 0.219

KIR2DL4 TNFRSF19

KIR2DL4 to 

TNFRSF19 Proteins Proteins sametype 0.225

ABCB1 SLC25A4 ABCB1 to SLC25A4 RNAs RNAs sametype 0.234

AGK SLC25A4 AGK to SLC25A4 RNAs RNAs sametype 0.235

C12 C14:1 C12 to C14:1 Metabolites Metabolites sametype 0.235

C14:1 C18:1 C14:1 to C18:1 Metabolites Metabolites sametype 0.239

AGK ABCB1 AGK to ABCB1 RNAs RNAs sametype 0.24

C18:1 C2 C18:1 to C2 Metabolites Metabolites sametype 0.243

GHR RET GHR to RET Proteins Proteins sametype 0.254

SPINT1 CTSV SPINT1 to CTSV Proteins Proteins sametype 0.265

TNFRSF1B HAVCR2

TNFRSF1B to 

HAVCR2 Proteins Proteins sametype 0.267

C12 C14:2 C12 to C14:2 Metabolites Metabolites sametype 0.268
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Supplementary Table 17. Best mediation directions of causal mediation analysis of omics 

candidates & candidates & three times points of kidney traits. 

Within each identified best mediation direction, spearman correlation coefficients, P-values and FDR of each pair 

(FDR < 0.05) of residuals of omics candidates, and regression coefficients and P-values of omics candidates with 

kidney traits in hyperglycemic individuals of KORA F4 are shown, respectively.  Residuals of omics candidates were 

calculated with linear regression analysis for full model (incl. age, sex, BMI, systolic blood pressure, smoking status, 

triglyceride, total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-

diabetic medication).   

The mediation proportion (%), average mediating effect with 95% CI, P-values and FDR, average direct effect with 

95% CI, P-values and FDR of the identified best direction(s) of mediating triangles in a nonparametric causal media-

tion analysis are shown, respectively.  Each mediation analysis was adjusted for the full model. FDR of mediating 

effect and direct effect were calculated for each kidney trait. 

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-

to-creatinine ratio; CKDcrcc, eGFR-based CKD that was defined as eGFR < 60 ml/min/1.73 m2.  

 

 

EFNA5 NBL1 EFNA5 to NBL1 Proteins Proteins sametype 0.273

TNFRSF1B UNC5C TNFRSF1B to UNC5C Proteins Proteins sametype 0.273

FGF20 FGF9 FGF20 to FGF9 Proteins Proteins sametype 0.281

EGFR NOTCH1 EGFR to NOTCH1 Proteins Proteins sametype 0.283

AMH C1QBP AMH to C1QBP Proteins Proteins sametype 0.287

TNFRSF1A TNFRSF1B

TNFRSF1A to 

TNFRSF1B Proteins Proteins sametype 0.287

ESAM SCARF1 ESAM to SCARF1 Proteins Proteins sametype 0.302

CLEC4M FN1 CLEC4M to FN1 Proteins Proteins sametype 0.319

C6(C4:1‐DC) C8 C6(C4:1‐DC) to C8 Metabolites Metabolites sametype 0.323

C10:2 C8:1 C10:2 to C8:1 Metabolites Metabolites sametype 0.331

CLEC4M C1QBP CLEC4M to C1QBP Proteins Proteins sametype 0.364

C14:1 C14:2 C14:1 to C14:2 Metabolites Metabolites sametype 0.372

LYSMD2 Urine albumin

LYSMD2 to Urine 

albumin CpGs UACRbiom diftype -0.125

C10 C12 C10 to C12 Metabolites Metabolites sametype 0.436

C16 C18:1 C16 to C18:1 Metabolites Metabolites sametype 0.544

C10 C8 C10 to C8 Metabolites Metabolites sametype 0.827
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2 C10 CNDP1 Metabolites Proteins diftype -0.143

1.201E-

03 4.661E-02 CKD F4 Y

C10 to CNDP1 to CKD 

F4

Metabolite to 

Protein

kidney trait 

in F4 36.57

0.006 (0.001 

to 0.013) 8.0E-03 2.766E-02

0.011 (-

0.019 to 

0.045) 5.08E-01 5.990E-01 0.278 8.764E-04 -0.507 2.239E-04

7 C10 B2M Metabolites Proteins diftype 0.187

2.113E-

05 3.609E-03 eGFR F4 M

C10 to eGFR F4 to 

B2M

Metabolite to 

Protein

kidney trait 

in F4 79.61

0.135 (0.073 

to 0.2) 0.0E+00 0.000E+00

0.034 (-

0.045 to 

0.111) 3.92E-01 4.136E-01 -0.174 1.585E-17 -0.43 4.438E-50

9 CNDP1 C10 Proteins Metabolites diftype -0.143

1.201E-

03 4.661E-02 eGFR F4 M

CNDP1 to eGFR F4 to 

C10

Protein to 

Metabolite

kidney trait 

in F4 30.39

-0.033 (-0.061 

to -0.013) 2.0E-03 5.231E-03

-0.075 (-

0.159 to -

0.003) 4.40E-02 5.803E-02 0.124 2.713E-05 -0.174 1.585E-17

9 eGFR F4 M

C10 to eGFR F4 to 

CNDP1

Metabolite to 

Protein

kidney trait 

in F4 29.51

-0.041 (-0.075 

to -0.013) 2.0E-03 5.231E-03

-0.098 (-

0.204 to -

0.004) 4.40E-02 5.803E-02

10 B2M C10 Proteins Metabolites diftype 0.187

2.113E-

05 3.609E-03 CKD F4 X CKD F4 to B2M to C10

Protein to 

Metabolite

kidney trait 

in F4 92.74

0.139 (0.052 

to 0.24) 0.0E+00 0.000E+00

0.011 (-

0.278 to 

0.311) 9.18E-01 9.381E-01 0.925 1.435E-07 0.278 8.764E-04

10 CKD F4 Y C10 to B2M to CKD F4

Metabolite to 

Protein

kidney trait 

in F4 88.85

0.013 (0.005 

to 0.024) 0.0E+00 0.000E+00

0.002 (-

0.031 to 

0.041) 8.54E-01 8.980E-01

11 C10 CST3 Metabolites Proteins diftype 0.192

1.287E-

05 2.783E-03 eGFR F4 M

C10 to eGFR F4 to 

CST3

Metabolite to 

Protein

kidney trait 

in F4 87.33

0.151 (0.084 

to 0.213) 0.0E+00 0.000E+00

0.022 (-

0.039 to 

0.082) 4.60E-01 4.723E-01 -0.174 1.585E-17 -0.551 3.888E-80

13 C10 2

TNFRS

F1A Metabolites Proteins diftype 0.145

1.015E-

03 4.141E-02 CKD F4 Y

C10 2 to TNFRSF1A to 

CKD F4

Metabolite to 

Protein

kidney trait 

in F4 32.18

0.006 (0.001 

to 0.013) 6.0E-03 2.166E-02

0.013 (-

0.014 to 

0.04) 3.42E-01 4.241E-01 0.276 2.971E-04 0.675 3.884E-06

16 C10 2

TNFRS

F1A Metabolites Proteins diftype 0.145

1.015E-

03 4.141E-02 eGFR F4 M

C10 2 to eGFR F4 to 

TNFRSF1A

Metabolite to 

Protein

kidney trait 

in F4 72.63

0.083 (0.039 

to 0.129) 0.0E+00 0.000E+00

0.031 (-

0.041 to 

0.108) 4.28E-01 4.476E-01 -0.178 1.691E-20 -0.303 1.193E-25

17 RELT C10 2 Proteins Metabolites diftype 0.177

5.828E-

05 7.693E-03 CKD F4 X

CKD F4 to RELT to 

C10 2

Protein to 

Metabolite

kidney trait 

in F4 56.02

0.112 (0.043 

to 0.209) 2.0E-03 9.169E-03

0.088 (-

0.207 to 

0.365) 5.60E-01 6.528E-01 0.694 3.832E-05 0.276 2.971E-04

17 CKD F4 Y

C10 2 to RELT to CKD 

F4

Metabolite to 

Protein

kidney trait 

in F4 53.9

0.009 (0.003 

to 0.018) 2.0E-03 9.169E-03

0.008 (-

0.019 to 

0.036) 5.44E-01 6.378E-01

19 C10 2 CST3 Metabolites Proteins diftype 0.191

1.412E-

05 2.783E-03 eGFR F4 Y

C10 2 to CST3 to eGFR 

F4

Metabolite to 

Protein

kidney trait 

in F4 73.44

-0.094 (-0.136 

to -0.05) 0.0E+00 0.000E+00

-0.034 (-

0.075 to 

0.009) 1.34E-01 1.614E-01 -0.178 1.691E-20 -0.551 3.888E-80

19 eGFR F4 M

C10 2 to eGFR F4 to 

CST3

Metabolite to 

Protein

kidney trait 

in F4 67.64

0.118 (0.055 

to 0.178) 0.0E+00 0.000E+00

0.056 (0.004 

to 0.107) 3.40E-02 4.645E-02

21 C10 2 B2M Metabolites Proteins diftype 0.153

5.546E-

04 3.107E-02 CKD F4 Y

C10 2 to B2M to CKD 

F4

Metabolite to 

Protein

kidney trait 

in F4 79.92

0.012 (0.005 

to 0.021) 2.0E-03 9.169E-03

0.003 (-

0.022 to 

0.029) 7.72E-01 8.333E-01 0.276 2.971E-04 0.925 1.435E-07

25 RETN C10 2 Proteins Metabolites diftype 0.165

1.841E-

04 1.474E-02 CKD F4 X

CKD F4 to RETN to 

C10 2

Protein to 

Metabolite

kidney trait 

in F4 46.27

0.092 (0.028 

to 0.178) 0.0E+00 0.000E+00

0.107 (-

0.172 to 

0.395) 4.94E-01 5.876E-01 0.525 2.696E-04 0.276 2.971E-04

27

TNFRS

F19 C10 2 Proteins Metabolites diftype 0.15

6.887E-

04 3.460E-02 eGFR F4 M

TNFRSF19 to eGFR F4 

to C10 2

Protein to 

Metabolite

kidney trait 

in F4 30.28

0.031 (0.009 

to 0.067) 0.0E+00 0.000E+00

0.072 (-

0.009 to 

0.147) 6.40E-02 7.961E-02 -0.132 2.994E-06 -0.178 1.691E-20

29 C10 2 B2M Metabolites Proteins diftype 0.153

5.546E-

04 3.107E-02 eGFR F4 M

C10 2 to eGFR F4 to 

B2M

Metabolite to 

Protein

kidney trait 

in F4 67.51

0.105 (0.05 to 

0.162) 0.0E+00 0.000E+00

0.051 (-

0.019 to 

0.123) 1.48E-01 1.742E-01 -0.178 1.691E-20 -0.43 4.438E-50

32 UNC5C C10 2 Proteins Metabolites diftype 0.15

6.728E-

04 3.447E-02 CKD F4 X

CKD F4 to UNC5C to 

C10 2

Protein to 

Metabolite

kidney trait 

in F4 38.02

0.076 (0.018 

to 0.16) 0.0E+00 0.000E+00

0.124 (-

0.183 to 

0.427) 4.42E-01 5.351E-01 0.637 1.424E-04 0.276 2.971E-04

32 CKD F4 Y

C10 2 to UNC5C to 

CKD F4

Metabolite to 

Protein

kidney trait 

in F4 30.72

0.007 (0.002 

to 0.014) 0.0E+00 0.000E+00

0.015 (-

0.012 to 

0.042) 3.06E-01 3.853E-01
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35 C12 CST3 Metabolites Proteins diftype 0.201

4.975E-

06 1.416E-03 eGFR F4 M

C12 to eGFR F4 to 

CST3

Metabolite to 

Protein

kidney trait 

in F4 78.84

0.137 (0.074 

to 0.2) 0.0E+00 0.000E+00

0.037 (-

0.023 to 

0.099) 2.40E-01 2.680E-01 -0.175 3.042E-17 -0.551 3.888E-80

39 C12 B2M Metabolites Proteins diftype 0.184

3.094E-

05 4.663E-03 eGFR F4 M

C12 to eGFR F4 to 

B2M

Metabolite to 

Protein

kidney trait 

in F4 69.03

0.122 (0.064 

to 0.186) 0.0E+00 0.000E+00

0.055 (-

0.029 to 

0.128) 1.74E-01 2.002E-01 -0.175 3.042E-17 -0.43 4.438E-50

43

ADAM

TS13 C12 Proteins Metabolites diftype -0.15

7.029E-

04 3.463E-02 eGFR F4 M

ADAMTS13 to eGFR 

F4 to C12

Protein to 

Metabolite

kidney trait 

in F4 28.76

-0.031 (-0.057 

to -0.011) 0.0E+00 0.000E+00

-0.077 (-

0.159 to 0) 4.80E-02 6.171E-02 0.126 1.886E-05 -0.175 3.042E-17

43 eGFR F4 M

C12 to eGFR F4 to 

ADAMTS13

Metabolite to 

Protein

kidney trait 

in F4 28.66

-0.04 (-0.074 

to -0.014) 0.0E+00 0.000E+00

-0.1 (-0.194 

to 0) 4.80E-02 6.171E-02

45 C12 C1QBP Metabolites Proteins diftype -0.152

6.018E-

04 3.212E-02 eGFR F4 M

C12 to eGFR F4 to 

C1QBP

Metabolite to 

Protein

kidney trait 

in F4 55.37

-0.071 (-0.115 

to -0.033) 0.0E+00 0.000E+00

-0.057 (-

0.151 to 

0.05) 2.82E-01 3.017E-01 -0.175 3.042E-17 0.231 1.113E-14

45 eGFR F4 M

C1QBP to eGFR F4 to 

C12

Protein to 

Metabolite

kidney trait 

in F4 51.71

-0.055 (-0.093 

to -0.023) 0.0E+00 0.000E+00

-0.052 (-

0.147 to 

0.042) 2.82E-01 3.017E-01

50 C14 1 B2M Metabolites Proteins diftype 0.184

3.089E-

05 4.663E-03 eGFR F4 Y

C14 1 to B2M to eGFR 

F4

Metabolite to 

Protein

kidney trait 

in F4 65.59

-0.071 (-0.11 

to -0.032) 0.0E+00 0.000E+00

-0.037 (-

0.093 to 

0.017) 1.70E-01 1.970E-01 -0.117 1.678E-09 -0.43 4.438E-50

62 C14 1 CST3 Metabolites Proteins diftype 0.171

1.082E-

04 1.155E-02 eGFR F4 Y

C14 1 to CST3 to eGFR 

F4

Metabolite to 

Protein

kidney trait 

in F4 73.1

-0.079 (-0.122 

to -0.035) 0.0E+00 0.000E+00

-0.029 (-

0.081 to 

0.02) 2.44E-01 2.705E-01 -0.117 1.678E-09 -0.551 3.888E-80

62 eGFR F4 M

C14 1 to eGFR F4 to 

CST3

Metabolite to 

Protein

kidney trait 

in F4 68.73

0.1 (0.04 to 

0.162) 0.0E+00 0.000E+00

0.045 (-

0.013 to 

0.101) 1.42E-01 1.684E-01

96 C14 2

ADIPO

Q Metabolites Proteins diftype 0.147

8.623E-

04 3.809E-02 CKD F4 Y

C14 2 to ADIPOQ to 

CKD F4

Metabolite to 

Protein

kidney trait 

in F4 87.89

0.007 (0.002 

to 0.014) 6.0E-03 2.166E-02

0.001 (-0.03 

to 0.036) 8.72E-01 9.099E-01 0.299 2.943E-04 0.604 2.047E-03

98 C14 2 B2M Metabolites Proteins diftype 0.188

1.873E-

05 3.428E-03 eGFR F4 M

C14 2 to eGFR F4 to 

B2M

Metabolite to 

Protein

kidney trait 

in F4 60.28

0.113 (0.058 

to 0.171) 0.0E+00 0.000E+00

0.075 (-

0.007 to 

0.15) 6.20E-02 7.840E-02 -0.166 2.691E-16 -0.43 4.438E-50

102 C14 2 CST3 Metabolites Proteins diftype 0.192

1.319E-

05 2.783E-03 eGFR F4 M

C14 2 to eGFR F4 to 

CST3

Metabolite to 

Protein

kidney trait 

in F4 74.57

0.128 (0.068 

to 0.192) 0.0E+00 0.000E+00

0.044 (-

0.011 to 

0.101) 1.38E-01 1.650E-01 -0.166 2.691E-16 -0.551 3.888E-80

106 C16 KDR Metabolites Proteins diftype -0.149

7.444E-

04 3.476E-02 eGFR F4 Y

C16 to KDR to eGFR 

F4

Metabolite to 

Protein

kidney trait 

in F4 30.55

-0.024 (-0.043 

to -0.008) 4.0E-03 9.344E-03

-0.055 (-

0.122 to 

0.012) 9.60E-02 1.166E-01 -0.09 1.858E-05 0.153 4.635E-07

107 C16 KDR Metabolites Proteins diftype -0.149

7.444E-

04 3.476E-02 UACR F4 Y

C16 to KDR to UACR 

F4

Metabolite to 

Protein

kidney trait 

in F4 75.01

0.022 (0.006 

to 0.045) 4.0E-03 3.600E-02

0.007 (-

0.082 to 

0.099) 8.74E-01 8.740E-01 0.118 1.023E-04 -0.141 5.484E-04

107 UACR F4 X

UACR F4 to KDR to 

C16

Protein to 

Metabolite

kidney trait 

in F4 74.94

0.021 (0.005 

to 0.042) 4.0E-03 3.600E-02

0.007 (-0.08 

to 0.095) 8.74E-01 8.740E-01

108 C16 EGFR Metabolites Proteins diftype -0.213

1.241E-

06 7.951E-04 eGFR F4 Y

C16 to EGFR to eGFR 

F4

Metabolite to 

Protein

kidney trait 

in F4 70.91

-0.056 (-0.084 

to -0.029) 0.0E+00 0.000E+00

-0.023 (-

0.086 to 

0.039) 4.46E-01 4.611E-01 -0.09 1.858E-05 0.254 3.881E-14

108 eGFR F4 X

eGFR F4 to EGFR to 

C16

Protein to 

Metabolite

kidney trait 

in F4 68.79

-0.091 (-0.139 

to -0.046) 0.0E+00 0.000E+00

-0.041 (-

0.16 to 

0.068) 4.46E-01 4.611E-01

112 BMP1 C16 Proteins Metabolites diftype -0.145

1.050E-

03 4.141E-02 eGFR F4 X

eGFR F4 to BMP1 to 

C16

Protein to 

Metabolite

kidney trait 

in F4 22.23

-0.029 (-0.058 

to -0.006) 6.0E-03 1.249E-02

-0.103 (-

0.222 to 

0.006) 6.40E-02 7.961E-02 0.132 1.811E-04 -0.09 1.858E-05

117 C16 C1QBP Metabolites Proteins diftype -0.146

9.642E-

04 4.141E-02 eGFR F4 Y

C16 to C1QBP to eGFR 

F4

Metabolite to 

Protein

kidney trait 

in F4 46.13

-0.036 (-0.064 

to -0.012) 0.0E+00 0.000E+00

-0.042 (-

0.108 to 

0.023) 1.94E-01 2.215E-01 -0.09 1.858E-05 0.231 1.113E-14

119 C18 1 IGFBP2 Metabolites Proteins diftype 0.175

7.070E-

05 8.234E-03 eGFR F4 Y

C18 1 to IGFBP2 to 

eGFR F4

Metabolite to 

Protein

kidney trait 

in F4 43.95

-0.027 (-0.046 

to -0.011) 0.0E+00 0.000E+00

-0.034 (-

0.097 to 

0.029) 2.82E-01 3.017E-01 -0.081 9.275E-05 -0.167 8.720E-06
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119 eGFR F4 X

eGFR F4 to IGFBP2 to 

C18 1

Protein to 

Metabolite

kidney trait 

in F4 43.85

-0.048 (-0.084 

to -0.017) 0.0E+00 0.000E+00

-0.061 (-

0.168 to 

0.054) 2.82E-01 3.017E-01

120 C18 1 CNDP1 Metabolites Proteins diftype -0.149

7.380E-

04 3.476E-02 eGFR F4 Y

C18 1 to CNDP1 to 

eGFR F4

Metabolite to 

Protein

kidney trait 

in F4 34.35

-0.021 (-0.04 

to -0.007) 2.0E-03 5.231E-03

-0.04 (-

0.103 to 

0.02) 2.14E-01 2.425E-01 -0.081 9.275E-05 0.124 2.713E-05

120 eGFR F4 X

eGFR F4 to CNDP1 to 

C18 1

Protein to 

Metabolite

kidney trait 

in F4 33.71

-0.037 (-0.07 

to -0.013) 2.0E-03 5.231E-03

-0.072 (-

0.183 to 

0.037) 2.14E-01 2.425E-01

121 C18 1 EGFR Metabolites Proteins diftype -0.209

1.914E-

06 9.808E-04 eGFR F4 Y

C18 1 to EGFR to 

eGFR F4

Metabolite to 

Protein

kidney trait 

in F4 91.6

-0.056 (-0.086 

to -0.029) 0.0E+00 0.000E+00

-0.005 (-

0.067 to 

0.052) 8.16E-01 8.268E-01 -0.081 9.275E-05 0.254 3.881E-14

121 eGFR F4 X

eGFR F4 to EGFR to 

C18 1

Protein to 

Metabolite

kidney trait 

in F4 91.01

-0.1 (-0.152 to 

-0.054) 0.0E+00 0.000E+00

-0.01 (-

0.131 to 

0.099) 8.16E-01 8.268E-01

122 GHR C18 1 Proteins Metabolites diftype -0.148

7.800E-

04 3.569E-02 UACR F4 X

UACR F4 to GHR to 

C18 1

Protein to 

Metabolite

kidney trait 

in F4 47.99

0.027 (0.008 

to 0.052) 6.0E-03 3.600E-02

0.029 (-

0.073 to 

0.121) 5.50E-01 6.050E-01 -0.167 7.015E-04 0.107 3.502E-04

122 UACR F4 Y

C18 1 to GHR to UACR 

F4

Metabolite to 

Protein

kidney trait 

in F4 47.39

0.027 (0.007 

to 0.053) 6.0E-03 3.600E-02

0.03 (-0.072 

to 0.121) 5.50E-01 6.050E-01

123 EGFR C18 1 Proteins Metabolites diftype -0.209

1.914E-

06 9.808E-04 UACR F4 X

UACR F4 to EGFR to 

C18 1

Protein to 

Metabolite

kidney trait 

in F4 82.8

0.047 (0.02 to 

0.077) 0.0E+00 0.000E+00

0.01 (-0.09 

to 0.103) 7.98E-01 8.229E-01 -0.221 1.197E-06 0.107 3.502E-04

123 UACR F4 Y

C18 1 to EGFR to 

UACR F4

Metabolite to 

Protein

kidney trait 

in F4 82.68

0.046 (0.019 

to 0.079) 0.0E+00 0.000E+00

0.01 (-0.091 

to 0.102) 7.98E-01 8.229E-01

129 C18 1 CNDP1 Metabolites Proteins diftype -0.149

7.380E-

04 3.476E-02 CKD F4 Y

C18 1 to CNDP1 to 

CKD F4

Metabolite to 

Protein

kidney trait 

in F4 87.75

0.008 (0.002 

to 0.016) 2.0E-03 9.169E-03

0.001 (-

0.028 to 

0.031) 9.22E-01 9.381E-01 0.265 1.336E-03 -0.507 2.239E-04

132 CNDP1 C18 1 Proteins Metabolites diftype -0.149

7.380E-

04 3.476E-02 UACR F4 X

UACR F4 to CNDP1 to 

C18 1

Protein to 

Metabolite

kidney trait 

in F4 39.83

0.023 (0.003 

to 0.048) 1.4E-02 4.400E-02

0.034 (-

0.066 to 

0.123) 4.56E-01 5.374E-01 -0.127 1.357E-03 0.107 3.502E-04

133 IGFBP2 C18 1 Proteins Metabolites diftype 0.175

7.070E-

05 8.234E-03 UACR F4 X

UACR F4 to IGFBP2 to 

C18 1

Protein to 

Metabolite

kidney trait 

in F4 42.9

0.024 (0.004 

to 0.049) 1.4E-02 4.400E-02

0.032 (-

0.071 to 

0.126) 4.98E-01 5.667E-01 0.14 5.445E-03 0.107 3.502E-04

135 BMP1 C18 1 Proteins Metabolites diftype -0.176

6.822E-

05 8.234E-03 eGFR F4 X

eGFR F4 to BMP1 to 

C18 1

Protein to 

Metabolite

kidney trait 

in F4 37.83

-0.041 (-0.077 

to -0.012) 2.0E-03 5.231E-03

-0.068 (-

0.177 to 

0.045) 2.34E-01 2.633E-01 0.132 1.811E-04 -0.081 9.275E-05

135 eGFR F4 Y

C18 1 to BMP1 to 

eGFR F4

Metabolite to 

Protein

kidney trait 

in F4 36.9

-0.023 (-0.042 

to -0.006) 2.0E-03 5.231E-03

-0.039 (-

0.102 to 

0.026) 2.34E-01 2.633E-01

137 C18 1 GHR Metabolites Proteins diftype -0.148

7.800E-

04 3.569E-02 eGFR F4 Y

C18 1 to GHR to eGFR 

F4

Metabolite to 

Protein

kidney trait 

in F4 40.84

-0.025 (-0.047 

to -0.009) 0.0E+00 0.000E+00

-0.036 (-

0.098 to 

0.024) 2.66E-01 2.886E-01 -0.081 9.275E-05 0.157 2.036E-05

137 eGFR F4 X

eGFR F4 to GHR to 

C18 1

Protein to 

Metabolite

kidney trait 

in F4 40.7

-0.044 (-0.083 

to -0.015) 0.0E+00 0.000E+00

-0.065 (-

0.172 to 

0.042) 2.66E-01 2.886E-01

162 C8 B2M Metabolites Proteins diftype 0.181

4.091E-

05 5.823E-03 eGFR F4 M C8 to eGFR F4 to B2M

Metabolite to 

Protein

kidney trait 

in F4 75.69

0.12 (0.055 to 

0.182) 0.0E+00 0.000E+00

0.038 (-

0.043 to 

0.114) 3.68E-01 3.910E-01 -0.163 5.665E-16 -0.43 4.438E-50

164 C8 CST3 Metabolites Proteins diftype 0.169

1.222E-

04 1.182E-02 eGFR F4 M C8 to eGFR F4 to CST3

Metabolite to 

Protein

kidney trait 

in F4 91.04

0.135 (0.067 

to 0.202) 0.0E+00 0.000E+00

0.013 (-

0.044 to 

0.072) 6.34E-01 6.467E-01 -0.163 5.665E-16 -0.551 3.888E-80

166 C8 UNC5C Metabolites Proteins diftype 0.145

1.025E-

03 4.141E-02 CKD F4 Y

C8 to UNC5C to CKD 

F4

Metabolite to 

Protein

kidney trait 

in F4 89.14

0.007 (0.002 

to 0.014) 2.0E-03 9.169E-03

0.001 (-

0.032 to 

0.036) 9.14E-01 9.381E-01 0.23 4.287E-03 0.637 1.424E-04

167 C8 UNC5C Metabolites Proteins diftype 0.145

1.025E-

03 4.141E-02 eGFR F4 M

C8 to eGFR F4 to 

UNC5C

Metabolite to 

Protein

kidney trait 

in F4 38.34

0.052 (0.021 

to 0.089) 0.0E+00 0.000E+00

0.084 (-

0.003 to 

0.174) 6.00E-02 7.650E-02 -0.163 5.665E-16 -0.198 5.437E-10
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208 PLAT Tyr Proteins Metabolites diftype 0.24

4.146E-

08 3.541E-05 CKD F4 X CKD F4 to PLAT to Tyr

Protein to 

Metabolite

kidney trait 

in F4 26.95

-0.12 (-0.211 

to -0.045) 0.0E+00 0.000E+00

-0.326 (-

0.599 to -

0.046) 1.40E-02 2.231E-02 -0.791 4.380E-04 -0.27 5.324E-04

215 IGFBP2 Tyr Proteins Metabolites diftype -0.283

8.465E-

11 1.084E-07 CKD F4 X

CKD F4 to IGFBP2 to 

Tyr

Protein to 

Metabolite

kidney trait 

in F4 28.36

-0.127 (-0.234 

to -0.047) 0.0E+00 0.000E+00

-0.32 (-

0.617 to -

0.037) 2.40E-02 3.510E-02 0.652 1.167E-03 -0.27 5.324E-04

217 ACY1 Tyr Proteins Metabolites diftype 0.286

4.680E-

11 1.084E-07 CKD F4 X

CKD F4 to ACY1 to 

Tyr

Protein to 

Metabolite

kidney trait 

in F4 27.71

-0.124 (-0.21 

to -0.057) 0.0E+00 0.000E+00

-0.323 (-

0.611 to -

0.048) 2.20E-02 3.264E-02 -0.744 2.693E-04 -0.27 5.324E-04

218 Tyr

SPOCK

2 Metabolites Proteins diftype

0.177 6.005E-

05 7.693E-03 CKD F4 Y

Tyr to SPOCK2 to CKD 

F4

Metabolite to 

Protein

kidney trait 

in F4

25.15 -0.009 (-0.017 

to -0.002) 0.0E+00 0.000E+00

-0.026 (-

0.049 to -

0.001) 4.20E-02 5.929E-02 -0.27 5.324E-04 -0.689 2.061E-05

292

SLC22

A4 IL19 RNAs Proteins diftype -0.242

3.796E-

04 2.431E-02 CKD F4 X

CKD F4 to SLC22A4 to 

IL19 RNA to Protein

kidney trait 

in F4 55.22

-0.205 (-0.364 

to -0.07) 0.0E+00 0.000E+00

-0.166 (-

0.57 to 

0.248) 4.04E-01 4.980E-01 0.445 1.196E-05 -0.555 1.445E-03

292 CKD F4 Y

IL19 to SLC22A4 to 

CKD F4 Protein to RNA

kidney trait 

in F4 54.1

-0.026 (-0.048 

to -0.008) 0.0E+00 0.000E+00

-0.022 (-

0.066 to 

0.037) 4.18E-01 5.106E-01

380 NTRK2 NAPA Proteins CpGs diftype 0.149

1.047E-

03 4.141E-02 CKD F4 X

CKD F4 to NTRK2 to 

NAPA Protein to CpG

kidney trait 

in F4 23.52

-0.059 (-0.124 

to -0.011) 6.0E-03 2.166E-02

-0.191 (-

0.492 to 

0.079) 1.94E-01 2.595E-01 -0.518 1.411E-03 -0.422 1.541E-05

381 NTRK2 NAPA Proteins CpGs diftype 0.149

1.047E-

03 4.141E-02 UACR F4 X

UACR F4 to NTRK2 to 

NAPA Protein to CpG

kidney trait 

in F4 20.54

-0.017 (-0.038 

to -0.003) 8.0E-03 4.062E-02

-0.066 (-

0.15 to 

0.028) 1.68E-01 2.218E-01 -0.11 5.345E-03 -0.101 1.743E-03

552 CST3 C10 2 Proteins Metabolites diftype 0.191

1.412E-

05 2.783E-03

CKDcrcc 

S4 X

CKDcrcc S4 to CST3 to 

C10 2

Protein to 

Metabolite

kidney trait 

in S4 (as X) 98.45

0.461 (0 to 

0.793) 4.0E-03 4.800E-02

0.007 (-

1.371 to 1.5) 9.32E-01 9.320E-01 1.962 2.259E-04 0.792 1.423E-04

718 C14 1 IGFBP2 Metabolites Proteins diftype 0.145

1.007E-

03 4.141E-02 eGFR FF4 Y

C14 1 to IGFBP2 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 24.59

-0.032 (-0.054 

to -0.013) 0.0E+00 0.000E+00

-0.097 (-

0.174 to -

0.018) 1.60E-02 2.109E-02 -0.102 1.816E-04 -0.239 7.855E-09

719 C18 1 IGFBP2 Metabolites Proteins diftype 0.175

7.070E-

05 8.234E-03 eGFR FF4 Y

C18 1 to IGFBP2 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 40.91

-0.04 (-0.068 

to -0.018) 0.0E+00 0.000E+00

-0.058 (-

0.132 to 

0.016) 1.30E-01 1.409E-01 -0.081 3.345E-03 -0.239 7.855E-09

720 Tyr IGFBP2 Metabolites Proteins diftype

-0.283 8.465E-

11 1.084E-07 eGFR FF4 Y

Tyr to IGFBP2 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y)

68.13 0.052 (0.025 

to 0.086) 0.0E+00 0.000E+00

0.024 (-

0.046 to 

0.088) 5.06E-01 5.060E-01 0.073 5.828E-03 -0.239 7.855E-09

721

C14 1-

OH IGFBP2 Metabolites Proteins diftype 0.152

5.995E-

04 3.212E-02 eGFR FF4 Y

C14 1‐OH to IGFBP2 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 19.16

-0.027 (-0.047 

to -0.01) 2.0E-03 5.273E-03

-0.113 (-

0.191 to -

0.032) 4.00E-03 6.187E-03 -0.123 4.789E-06 -0.239 7.855E-09

722 C12 CST3 Metabolites Proteins diftype 0.201

4.975E-

06 1.416E-03 CKD FF4 Y

C12 to CST3 to incident 

CKD

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 25.46

0.012 (0.003 

to 0.024) 4.0E-03 1.800E-02

0.034 (-

0.006 to 

0.083) 1.08E-01 1.606E-01 0.327 5.401E-03 0.769 8.144E-05

723 C14 1 CST3 Metabolites Proteins diftype 0.171

1.082E-

04 1.155E-02 CKD FF4 Y

C14 1 to CST3 to 

incident CKD

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 29.44

0.011 (0.003 

to 0.022) 4.0E-03 1.800E-02

0.027 (-

0.013 to 

0.08) 1.82E-01 2.047E-01 0.299 9.877E-03 0.769 8.144E-05

724 C14 1 CST3 Metabolites Proteins diftype 0.171

1.082E-

04 1.155E-02 eGFR FF4 Y

C14 1 to CST3 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 56.27

-0.072 (-0.115 

to -0.035) 0.0E+00 0.000E+00

-0.056 (-

0.12 to 

0.007) 1.00E-01 1.137E-01 -0.102 1.816E-04 -0.511 1.985E-49

725

C6(C4

1‐DC) CST3 Metabolites Proteins diftype 0.149

7.462E-

04 3.476E-02 eGFR FF4 Y

C6(C4 1‐DC) to CST3 

to Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 46.97

-0.061 (-0.106 

to -0.021) 2.0E-03 5.273E-03

-0.069 (-

0.123 to -

0.009) 2.20E-02 2.836E-02 -0.12 2.184E-05 -0.511 1.985E-49

726 C8 CST3 Metabolites Proteins diftype 0.169

1.222E-

04 1.182E-02 eGFR FF4 Y

C8 to CST3 to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 49.28

-0.072 (-0.117 

to -0.028) 2.0E-03 5.273E-03

-0.074 (-

0.131 to -

0.014) 1.60E-02 2.109E-02 -0.139 2.663E-07 -0.511 1.985E-49

727 C12 CST3 Metabolites Proteins diftype 0.201

4.975E-

06 1.416E-03 eGFR FF4 Y

C12 to CST3 to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 52.41

-0.082 (-0.125 

to -0.041) 2.0E-03 5.273E-03

-0.074 (-

0.13 to -

0.013) 2.40E-02 3.059E-02 -0.143 2.223E-07 -0.511 1.985E-49

728 C14 2 CST3 Metabolites Proteins diftype 0.192

1.319E-

05 2.783E-03 eGFR FF4 Y

C14 2 to CST3 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 58.05

-0.082 (-0.125 

to -0.038) 0.0E+00 0.000E+00

-0.059 (-

0.122 to 

0.001) 5.20E-02 6.349E-02 -0.112 3.972E-05 -0.511 1.985E-49
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729 C10 CST3 Metabolites Proteins diftype 0.192

1.287E-

05 2.783E-03 eGFR FF4 Y

C10 to CST3 to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 53.38

-0.084 (-0.127 

to -0.04) 0.0E+00 0.000E+00

-0.073 (-

0.129 to -

0.013) 1.80E-02 2.346E-02 -0.147 8.312E-08 -0.511 1.985E-49

730

C14 1-

OH CST3 Metabolites Proteins diftype 0.207

2.596E-

06 1.068E-03 eGFR FF4 Y

C14 1‐OH to CST3 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 61.16

-0.086 (-0.129 

to -0.045) 0.0E+00 0.000E+00

-0.055 (-

0.115 to 

0.008) 8.20E-02 9.418E-02 -0.123 4.789E-06 -0.511 1.985E-49

731 C10 2 CST3 Metabolites Proteins diftype 0.191

1.412E-

05 2.783E-03 eGFR FF4 Y

C10 2 to CST3 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 60.09

-0.091 (-0.134 

to -0.05) 0.0E+00 0.000E+00

-0.06 (-

0.124 to 

0.004) 7.00E-02 8.202E-02 -0.117 6.984E-06 -0.511 1.985E-49

732 C10 2

TNFRS

F1A Metabolites Proteins diftype 0.145

1.015E-

03 4.141E-02 eGFR FF4 Y

C10 2 to TNFRSF1A to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 23.9

-0.036 (-0.067 

to -0.008) 2.0E-02 2.795E-02

-0.115 (-

0.178 to -

0.045) 0.00E+00 0.000E+00 -0.117 6.984E-06 -0.311 6.192E-22

734 C12 EGFR Metabolites Proteins diftype -0.196

8.028E-

06 2.057E-03 CKD FF4 Y

C12 to EGFR to 

incident CKD

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 19.04

0.009 (0.002 

to 0.019) 6.0E-03 2.160E-02

0.039 (-

0.001 to 

0.089) 6.20E-02 1.047E-01 0.327 5.401E-03 -0.509 2.488E-03

735 C18 1 EGFR Metabolites Proteins diftype -0.209

1.914E-

06 9.808E-04 CKD FF4 Y

C18 1 to EGFR to 

incident CKD

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 27.29

0.01 (0.002 to 

0.023) 4.0E-03 1.800E-02

0.027 (-

0.013 to 

0.079) 2.10E-01 2.224E-01 0.325 6.305E-03 -0.509 2.488E-03

736 C18 1 EGFR Metabolites Proteins diftype -0.209

1.914E-

06 9.808E-04 eGFR FF4 Y

C18 1 to EGFR to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 49.8

-0.049 (-0.077 

to -0.023) 0.0E+00 0.000E+00

-0.049 (-

0.118 to 

0.023) 1.68E-01 1.788E-01 -0.081 3.345E-03 0.259 1.214E-11

737

C6(C4

1‐DC) EGFR Metabolites Proteins diftype -0.156

4.077E-

04 2.547E-02 eGFR FF4 Y

C6(C4 1‐DC) to EGFR 

to Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 24.95

-0.033 (-0.058 

to -0.009) 2.0E-03 5.273E-03

-0.098 (-

0.165 to -

0.027) 1.00E-02 1.381E-02 -0.12 2.184E-05 0.259 1.214E-11

738 C12 EGFR Metabolites Proteins diftype -0.196

8.028E-

06 2.057E-03 eGFR FF4 Y

C12 to EGFR to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 28.7

-0.045 (-0.069 

to -0.024) 0.0E+00 0.000E+00

-0.111 (-

0.187 to -

0.038) 8.00E-03 1.146E-02 -0.143 2.223E-07 0.259 1.214E-11

739

C14 1-

OH EGFR Metabolites Proteins diftype -0.206

2.917E-

06 1.068E-03 eGFR FF4 Y

C14 1‐OH to EGFR to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 29.7

-0.042 (-0.066 

to -0.019) 0.0E+00 0.000E+00

-0.099 (-

0.174 to -

0.024) 1.40E-02 1.888E-02 -0.123 4.789E-06 0.259 1.214E-11

740 C16 EGFR Metabolites Proteins diftype -0.213

1.241E-

06 7.951E-04 eGFR FF4 Y

C16 to EGFR to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 60.35

-0.051 (-0.081 

to -0.024) 0.0E+00 0.000E+00

-0.034 (-

0.106 to 

0.048) 3.62E-01 3.651E-01 -0.07 1.334E-02 0.259 1.214E-11

741 C14 1 EGFR Metabolites Proteins diftype -0.169

1.250E-

04 1.182E-02 eGFR FF4 Y

C14 1 to EGFR to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 23.59

-0.03 (-0.059 

to -0.006) 1.2E-02 1.933E-02

-0.098 (-

0.165 to -

0.023) 1.20E-02 1.638E-02 -0.102 1.816E-04 0.259 1.214E-11

742 Tyr FGF20 Metabolites Proteins diftype

0.173 8.966E-

05 9.987E-03 eGFR FF4 Y

Tyr to FGF20 to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y)

35.06 0.027 (0.012 

to 0.051) 0.0E+00 0.000E+00

0.049 (-

0.019 to 

0.108) 1.62E-01 1.740E-01 0.073 5.828E-03 0.154 1.991E-06

743 C18 1 GHR Metabolites Proteins diftype -0.148

7.800E-

04 3.569E-02 CKD FF4 Y

C18 1 to GHR to 

incident CKD

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 35.18

0.013 (0.003 

to 0.027) 2.0E-03 1.800E-02

0.024 (-

0.016 to 

0.074) 2.42E-01 2.420E-01 0.325 6.305E-03 -0.683 1.930E-04

744 C18 1 GHR Metabolites Proteins diftype -0.148

7.800E-

04 3.569E-02 eGFR FF4 Y

C18 1 to GHR to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 29.49

-0.029 (-0.052 

to -0.01) 0.0E+00 0.000E+00

-0.069 (-

0.143 to 

0.007) 7.60E-02 8.816E-02 -0.081 3.345E-03 0.178 1.444E-05

745 Tyr GHR Metabolites Proteins diftype
0.169

1.274E-

04 1.182E-02 eGFR FF4 Y

Tyr to GHR to Follow-

up eGFR

Metabolite to 

Protein

k d   

in FF4 (as 

Y)
34.36

0.026 (0.01 to 

0.046) 0.0E+00 0.000E+00

0.05 (-0.013 

to 0.11) 1.20E-01 1.313E-01 0.073 5.828E-03 0.178 1.444E-05

746 Tyr ESAM Metabolites Proteins diftype

-0.147 8.540E-

04 3.809E-02 eGFR FF4 Y

Tyr to ESAM to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y)

41.21 0.031 (0.008 

to 0.058) 4.0E-03 9.098E-03

0.045 (-

0.017 to 

0.101) 1.80E-01 1.898E-01 0.073 5.828E-03 -0.236 3.557E-12

747 C10 2 RETN Metabolites Proteins diftype 0.165

1.841E-

04 1.474E-02 eGFR FF4 Y

C10 2 to RETN to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 23.96

-0.036 (-0.06 

to -0.016) 0.0E+00 0.000E+00

-0.115 (-

0.18 to -

0.043) 0.00E+00 0.000E+00 -0.117 6.984E-06 -0.226 5.657E-12

748

ADAM

TS13 C12 Proteins Metabolites diftype -0.15

7.029E-

04 3.463E-02 eGFR FF4 Y

ADAMTS13 to C12 to 

Follow-up eGFR

Protein to 

Metabolite

k d   

in FF4 (as 

Y) 13.48

0.016 (0.004 

to 0.032) 2.0E-03 5.273E-03

0.1 (0.045 to 

0.161) 0.00E+00 0.000E+00 0.111 6.823E-04 -0.143 2.223E-07

749

ADAM

TS13 C10 2 Proteins Metabolites diftype -0.154

5.058E-

04 3.014E-02 eGFR FF4 Y

ADAMTS13 to C10 2 

to Follow-up eGFR

Protein to 

Metabolite

kidney trait 

in FF4 (as 

Y) 15.87

0.018 (0.005 

to 0.036) 2.0E-03 5.273E-03

0.097 (0.042 

to 0.156) 0.00E+00 0.000E+00 0.111 6.823E-04 -0.117 6.984E-06
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750

C14 1-

OH

ADAM

TS13 Metabolites Proteins diftype -0.151

6.443E-

04 3.369E-02 eGFR FF4 Y

C14 1‐OH to 

ADAMTS13 to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 10.33

-0.014 (-0.029 

to -0.004) 8.0E-03 1.473E-02

-0.126 (-

0.203 to -

0.05) 2.00E-03 3.412E-03 -0.123 4.789E-06 0.111 6.823E-04

751 Tyr ACY1 Metabolites Proteins diftype

0.286 4.680E-

11 1.084E-07 eGFR FF4 Y

Tyr to ACY1 to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y)

41.93 0.032 (0.013 

to 0.057) 0.0E+00 0.000E+00

0.044 (-

0.021 to 

0.106) 2.28E-01 2.383E-01 0.073 5.828E-03 0.157 1.315E-04

752 C18 1 BMP1 Metabolites Proteins diftype -0.176

6.822E-

05 8.234E-03 eGFR FF4 Y

C18 1 to BMP1 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 29.04

-0.028 (-0.053 

to -0.008) 6.0E-03 1.160E-02

-0.07 (-

0.144 to 

0.009) 7.00E-02 8.202E-02 -0.081 3.345E-03 0.178 5.497E-06

753 BMP1

C14 1-

OH Proteins Metabolites diftype -0.162

2.522E-

04 1.874E-02 eGFR FF4 Y

BMP1 to C14 1‐OH to 

Follow-up eGFR

Protein to 

Metabolite

kidney trait 

in FF4 (as 

Y) 10.67

0.018 (0.004 

to 0.038) 1.6E-02 2.379E-02

0.154 (0.055 

to 0.237) 8.00E-03 1.146E-02 0.178 5.497E-06 -0.123 4.789E-06

754 C16 BMP1 Metabolites Proteins diftype -0.145

1.050E-

03 4.141E-02 eGFR FF4 Y

C16 to BMP1 to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 25.96

-0.022 (-0.045 

to -0.004) 1.0E-02 1.681E-02

-0.063 (-

0.141 to 

0.013) 1.14E-01 1.259E-01 -0.07 1.334E-02 0.178 5.497E-06

755 FN1

C14 1-

OH Proteins Metabolites diftype -0.155

4.480E-

04 2.732E-02 eGFR FF4 Y

FN1 to C14 1‐OH to 

Follow-up eGFR

Protein to 

Metabolite

kidney trait 

in FF4 (as 

Y) 13.84

0.016 (0.004 

to 0.034) 2.0E-03 5.273E-03

0.099 (0.033 

to 0.161) 2.00E-03 3.412E-03 0.11 1.156E-03 -0.123 4.789E-06

755 eGFR FF4 Y

C14 1‐OH to FN1 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 10.13

-0.014 (-0.03 

to -0.003) 2.0E-03 5.273E-03

-0.126 (-

0.203 to -

0.049) 2.00E-03 3.412E-03

756 C12 B2M Metabolites Proteins diftype 0.184

3.094E-

05 4.663E-03 CKD FF4 Y

C12 to B2M to incident 

CKD

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 18.29

0.009 (0.001 

to 0.019) 8.0E-03 2.400E-02

0.038 (-

0.002 to 

0.091) 6.40E-02 1.047E-01 0.327 5.401E-03 0.561 9.322E-04

757 C14 1 B2M Metabolites Proteins diftype 0.184

3.089E-

05 4.663E-03 CKD FF4 Y

C14 1 to B2M to 

incident CKD

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 25.92

0.01 (0.002 to 

0.021) 1.2E-02 2.700E-02

0.029 (-

0.011 to 

0.083) 1.58E-01 2.031E-01 0.299 9.877E-03 0.561 9.322E-04

758 C18 1 B2M Metabolites Proteins diftype 0.152

5.578E-

04 3.107E-02 CKD FF4 Y

C18 1 to B2M to 

incident CKD

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 27.2

0.011 (0.002 

to 0.023) 1.0E-02 2.571E-02

0.029 (-

0.015 to 

0.082) 1.78E-01 2.047E-01 0.325 6.305E-03 0.561 9.322E-04

759

C6(C4

1‐DC) B2M Metabolites Proteins diftype 0.159

3.112E-

04 2.044E-02 eGFR FF4 Y

C6(C4 1‐DC) to B2M 

to Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 40.89

-0.053 (-0.094 

to -0.018) 0.0E+00 0.000E+00

-0.077 (-

0.14 to -

0.015) 1.00E-02 1.381E-02 -0.12 2.184E-05 -0.384 1.594E-30

760 C18 1 B2M Metabolites Proteins diftype 0.152

5.578E-

04 3.107E-02 eGFR FF4 Y

C18 1 to B2M to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 59.84

-0.059 (-0.101 

to -0.019) 0.0E+00 0.000E+00

-0.039 (-

0.105 to 

0.027) 2.62E-01 2.690E-01 -0.081 3.345E-03 -0.384 1.594E-30

761 C12 B2M Metabolites Proteins diftype 0.184

3.094E-

05 4.663E-03 eGFR FF4 Y

C12 to B2M to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 39.14

-0.061 (-0.1 to 

-0.025) 0.0E+00 0.000E+00

-0.095 (-

0.16 to -

0.028) 8.00E-03 1.146E-02 -0.143 2.223E-07 -0.384 1.594E-30

762

C14 1-

OH B2M Metabolites Proteins diftype 0.204

3.408E-

06 1.091E-03 eGFR FF4 Y

C14 1‐OH to B2M to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 54.55

-0.077 (-0.115 

to -0.043) 0.0E+00 0.000E+00

-0.064 (-

0.133 to 

0.004) 6.40E-02 7.733E-02 -0.123 4.789E-06 -0.384 1.594E-30

763 C10 2 B2M Metabolites Proteins diftype 0.153

5.546E-

04 3.107E-02 eGFR FF4 Y

C10 2 to B2M to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 38.31

-0.058 (-0.092 

to -0.023) 0.0E+00 0.000E+00

-0.093 (-

0.153 to -

0.029) 4.00E-03 6.187E-03 -0.117 6.984E-06 -0.384 1.594E-30

764 C14 1 B2M Metabolites Proteins diftype 0.184

3.089E-

05 4.663E-03 eGFR FF4 Y

C14 1 to B2M to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 49.43

-0.063 (-0.108 

to -0.027) 0.0E+00 0.000E+00

-0.065 (-

0.131 to 

0.006) 6.60E-02 7.893E-02 -0.102 1.816E-04 -0.384 1.594E-30

765 C14 2 B2M Metabolites Proteins diftype 0.188

1.873E-

05 3.428E-03 eGFR FF4 Y

C14 2 to B2M to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 47.41

-0.067 (-0.106 

to -0.033) 0.0E+00 0.000E+00

-0.075 (-

0.143 to -

0.007) 2.60E-02 3.278E-02 -0.112 3.972E-05 -0.384 1.594E-30

766 C10 B2M Metabolites Proteins diftype 0.187

2.113E-

05 3.609E-03 eGFR FF4 Y

C10 to B2M to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 37.4

-0.059 (-0.097 

to -0.021) 2.0E-03 5.273E-03

-0.098 (-

0.164 to -

0.033) 2.00E-03 3.412E-03 -0.147 8.312E-08 -0.384 1.594E-30

767 C8 B2M Metabolites Proteins diftype 0.181

4.091E-

05 5.823E-03 eGFR FF4 Y

C8 to B2M to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 38.15

-0.055 (-0.095 

to -0.017) 6.0E-03 1.160E-02

-0.09 (-

0.155 to -

0.02) 1.00E-02 1.381E-02 -0.139 2.663E-07 -0.384 1.594E-30

769 C18 1 CNDP1 Metabolites Proteins diftype -0.149

7.380E-

04 3.476E-02 eGFR FF4 Y

C18 1 to CNDP1 to 

Follow-up eGFR

Metabolite to 

Protein

k d   

in FF4 (as 

Y) 19.93

-0.02 (-0.038 

to -0.004) 6.0E-03 1.160E-02

-0.078 (-

0.151 to 0) 5.00E-02 6.170E-02 -0.081 3.345E-03 0.141 2.240E-05
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771 Tyr MASP1 Metabolites Proteins diftype

0.153 5.525E-

04 3.107E-02 eGFR FF4 Y

Tyr to MASP1 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y)

13.86 0.011 (0.001 

to 0.026) 1.0E-02 1.681E-02

0.065 (0.001 

to 0.127) 5.00E-02 6.170E-02 0.073 5.828E-03 0.091 5.181E-03

772

C14 1-

OH KDR Metabolites Proteins diftype -0.169

1.323E-

04 1.182E-02 eGFR FF4 Y

C14 1‐OH to KDR to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 14.98

-0.021 (-0.037 

to -0.007) 2.0E-03 5.273E-03

-0.119 (-

0.195 to -

0.048) 4.00E-03 6.187E-03 -0.123 4.789E-06 0.163 2.182E-06

773 C16 KDR Metabolites Proteins diftype -0.149

7.444E-

04 3.476E-02 eGFR FF4 Y

C16 to KDR to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 25.22

-0.021 (-0.041 

to -0.005) 1.0E-02 1.681E-02

-0.063 (-

0.141 to 

0.014) 1.06E-01 1.194E-01 -0.07 1.334E-02 0.163 2.182E-06

776 Tyr TFF3 Metabolites Proteins diftype

-0.16 2.805E-

04 1.936E-02 eGFR FF4 Y

Tyr to TFF3 to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y)

49.7 0.038 (0.017 

to 0.063) 0.0E+00 0.000E+00

0.038 (-

0.029 to 

0.096) 2.58E-01 2.672E-01 0.073 5.828E-03 -0.255 3.473E-13

777 AMH

C14 1-

OH Proteins Metabolites diftype -0.142

1.285E-

03 4.886E-02 eGFR FF4 Y

AMH to C14 1‐OH to 

Follow-up eGFR

Protein to 

Metabolite

kidney trait 

in FF4 (as 

Y) 16.86

0.019 (0.005 

to 0.039) 4.0E-03 9.098E-03

0.094 (0.017 

to 0.166) 8.00E-03 1.146E-02 0.112 1.293E-03 -0.123 4.789E-06

778

C14 1-

OH C1QBP Metabolites Proteins diftype -0.16

2.817E-

04 1.936E-02 eGFR FF4 Y

C14 1‐OH to C1QBP to 

Follow-up eGFR

Metabolite to 

Protein

d   

in FF4 (as 

Y) 12.39

-0.017 (-0.037 

to -0.004) 4.0E-03 9.098E-03

-0.123 (-0.2 

to -0.045) 2.00E-03 3.412E-03 -0.123 4.789E-06 0.14 3.746E-05

779 C1QBP C12 Proteins Metabolites diftype -0.152

6.018E-

04 3.212E-02 eGFR FF4 Y

C1QBP to C12 to 

Follow-up eGFR

Protein to 

Metabolite

kidney trait 

in FF4 (as 

Y) 10.16

0.014 (0.001 

to 0.032) 2.4E-02 3.164E-02

0.125 (0.059 

to 0.192) 0.00E+00 0.000E+00 0.14 3.746E-05 -0.143 2.223E-07

780 C16 C1QBP Metabolites Proteins diftype -0.146

9.642E-

04 4.141E-02 eGFR FF4 Y

C16 to C1QBP to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 25.15

-0.021 (-0.041 

to -0.006) 4.0E-03 9.098E-03

-0.063 (-

0.141 to 

0.014) 1.10E-01 1.227E-01 -0.07 1.334E-02 0.14 3.746E-05

781 C10 2 RELT Metabolites Proteins diftype 0.177

5.828E-

05 7.693E-03 eGFR FF4 Y

C10 2 to RELT to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 35.95

-0.054 (-0.084 

to -0.025) 0.0E+00 0.000E+00

-0.097 (-

0.162 to -

0.026) 2.00E-03 3.412E-03 -0.117 6.984E-06 -0.343 1.967E-24

782 C10 2

TNFRS

F19 Metabolites Proteins diftype 0.15

6.887E-

04 3.460E-02 eGFR FF4 Y

C10 2 to TNFRSF19 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 14.19

-0.021 (-0.043 

to -0.006) 6.0E-03 1.160E-02

-0.13 (-

0.194 to -

0.057) 0.00E+00 0.000E+00 -0.117 6.984E-06 -0.185 2.628E-09

783 C8 UNC5C Metabolites Proteins diftype 0.145

1.025E-

03 4.141E-02 eGFR FF4 Y

C8 to UNC5C to Follow-

up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 22.84

-0.033 (-0.061 

to -0.012) 4.0E-03 9.098E-03

-0.112 (-

0.184 to -

0.04) 2.00E-03 3.412E-03 -0.139 2.663E-07 -0.239 2.111E-11

784 C10 2 UNC5C Metabolites Proteins diftype 0.15

6.728E-

04 3.447E-02 eGFR FF4 Y

C10 2 to UNC5C to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y) 20.12

-0.03 (-0.052 

to -0.01) 2.0E-03 5.273E-03

-0.121 (-

0.185 to -

0.051) 0.00E+00 0.000E+00 -0.117 6.984E-06 -0.239 2.111E-11

785 Tyr

SPOCK

2 Metabolites Proteins diftype

0.177 6.005E-

05 7.693E-03 eGFR FF4 Y

Tyr to SPOCK2 to 

Follow-up eGFR

Metabolite to 

Protein

kidney trait 

in FF4 (as 

Y)

52.45 0.04 (0.015 to 

0.067) 2.0E-03 5.273E-03

0.036 (-

0.027 to 0.1) 2.92E-01 2.971E-01 0.073 5.828E-03 0.23 1.421E-12
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Supplementary Table 18. Best mediation directions of causal mediation analysis of omics candidates & known biomarkers & three times 

points of kidney traits. 

Within each identified best mediation direction, spearman correlation coefficients, P-values and FDR of each pair (FDR < 0.05) of residuals of omics candidates and three known 

biomarkers (CST3, creatinine, urine albumin), and regression coefficients and P-values of omics molecules with kidney traits in hyperglycemic individuals of KORA F4 are shown, 

respectively.  Residuals of omics molecules were calculated with linear regression analysis for full model (incl. age, sex, BMI, systolic blood pressure, smoking status, triglyceride, 

total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication).   

The mediation proportion (%), average mediating effect with 95% CI, P-values and FDR, average direct effect with 95% CI, P-values and FDR of the identified best direction(s) 

of mediating triangles in a nonparametric causal mediation analysis are shown, respectively. Each mediation analysis was adjusted for the full model. FDR of mediating effect and 

direct effect were calculated per kidney trait. 

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio; CKDcrcc, eGFR-based CKD that was defined 

as eGFR < 60 ml/min/1.73 m2.  
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triangle

omics1.l

abel

omics2.l

abel omics1.type omics2.type

omics.asso.

type spearcor p-value FDR kidney.trait

kidney.

trait.po

sition

Mediation.

direction

time.point.ki

dney.trait

Proportion.

media(%)

Avg.media 

(95% CI)

Avg.media

.p-value

Avg.media.F

DR

Avg.direct 

(95% CI)

Avg.direct.

p-value

Avg.direct.

FDR

Estimate.o

mics1.kidn

ey.trait

p-

value.omic

s1.kidney.

trait

Estimate.o

mics2.kidn

ey.trait

p-

value.omic

s2.kidney.

trait

1

Urine 

albumin C10 UACRbiom Metabolites diftype 0 072 7 459E-03 1 568E-02 CKD F4 M

Urine 

albumin to 

CKD F4 to 

C10

kidney trait 

in F4 50 12

0 048 

(0 012 to 

0 086) 4 0E-03 9 406E-03

0 048 (-

0 015 to 

0 111) 1 48E-01 1 641E-01 1 585 4 296E-43 0 278 8 764E-04

3 C10 CST3 Metabolites eGFRbiom diftype 0 218 3 764E-16 6 377E-15 eGFR F4 M

C10 to 

eGFR F4 to 

CST3

kidney trait 

in F4 92 87

0 172 

(0 134 to 

0 21) 0 0E+00 0 000E+00

0 013 (-

0 008 to 

0 037) 2 66E-01 3 463E-01 -0 174 1 585E-17 -0 78 0 000E+00

4 C10 CST3 Metabolites eGFRbiom diftype 0 218 3 764E-16 6 377E-15 CKD F4 Y

C10 to 

CST3 to 

CKD F4

kidney trait 

in F4 81 48

0 034 

(0 024 to 

0 043) 0 0E+00 0 000E+00

0 008 (-

0 015 to 

0 028) 4 76E-01 4 888E-01 0 278 8 764E-04 1 437 1 040E-29

4 CKD F4 X

CKD F4 to 

CST3 to 

C10

kidney trait 

in F4 79 13

0 203 

(0 147 to 

0 264) 0 0E+00 0 000E+00

0 054 (-

0 077 to 

0 188) 4 04E-01 4 184E-01

8 C10

Creatini

ne Metabolites eGFRbiom diftype 0 184 6 433E-12 6 617E-11 CKD F4 Y

C10 to 

Creatinine 

to CKD F4

kidney trait 

in F4 62 88

0 025 

(0 016 to 

0 034) 0 0E+00 0 000E+00

0 015 (-

0 005 to 

0 035) 1 46E-01 1 624E-01 0 278 8 764E-04 1 153 1 412E-24

8 CKD F4 X

CKD F4 to 

Creatinine 

to C10

kidney trait 

in F4 57 89

0 148 

(0 096 to 

0 204) 0 0E+00 0 000E+00

0 108 (-

0 018 to 

0 235) 9 00E-02 1 071E-01

18 C10:2

Creatini

ne Metabolites eGFRbiom diftype 0 206 1 449E-14 1 897E-13 CKD F4 Y

C10:2 to 

Creatinine 

to CKD F4

kidney trait 

in F4 71 72

0 027 

(0 018 to 

0 036) 0 0E+00 0 000E+00

0 011 (-

0 01 to 

0 028) 3 26E-01 3 422E-01 0 276 2 971E-04 1 153 1 412E-24

18 CKD F4 X

CKD F4 to 

Creatinine 

to C10:2

kidney trait 

in F4 65 55

0 187 

(0 127 to 

0 254) 0 0E+00 0 000E+00

0 098 (-

0 049 to 

0 237) 1 92E-01 2 082E-01

20 C10:2 CST3 Metabolites eGFRbiom diftype 0 241 1 527E-19 4 398E-18 CKD F4 Y

C10:2 to 

CST3 to 

CKD F4

kidney trait 

in F4 94 82

0 034 

(0 024 to 

0 044) 0 0E+00 0 000E+00

0 002 (-

0 017 to 

0 021) 8 64E-01 8 675E-01 0 276 2 971E-04 1 437 1 040E-29

20 CKD F4 X

CKD F4 to 

CST3 to 

C10:2

kidney trait 

in F4 82 2

0 235 

(0 167 to 

0 304) 0 0E+00 0 000E+00

0 051 (-

0 088 to 

0 191) 5 46E-01 5 596E-01

23 C10:2 CST3 Metabolites eGFRbiom diftype 0 241 1 527E-19 4 398E-18 eGFR F4 M

C10:2 to 

eGFR F4 to 

CST3

kidney trait 

in F4 93 33

0 175 

(0 138 to 

0 216) 0 0E+00 0 000E+00

0 013 (-

0 008 to 

0 033) 2 50E-01 3 288E-01 -0 178 1 691E-20 -0 78 0 000E+00

24 C10:2

Creatini

ne Metabolites eGFRbiom diftype 0 206 1 449E-14 1 897E-13 eGFR F4 M

C10:2 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 97 8

0 174 

(0 137 to 

0 215) 0 0E+00 0 000E+00

0 004 (-

0 02 to 

0 03) 7 78E-01 8 185E-01 -0 178 1 691E-20 -0 726 0 000E+00

24 eGFR F4 M

Creatinine 

to eGFR F4 

to C10:2

kidney trait 

in F4 92 45

0 243 

(0 136 to 

0 347) 0 0E+00 0 000E+00

0 02 (-

0 104 to 

0 147) 7 78E-01 8 185E-01

37 C12 CST3 Metabolites eGFRbiom diftype 0 248 1 196E-20 4 304E-19 CKD F4 Y

C12 to 

CST3 to 

CKD F4

kidney trait 

in F4 84 87

0 037 

(0 027 to 

0 048) 0 0E+00 0 000E+00

0 007 (-

0 014 to 

0 028) 5 90E-01 6 034E-01 0 288 5 855E-04 1 437 1 040E-29

37 CKD F4 X

CKD F4 to 

CST3 to 

C12

kidney trait 

in F4 83 85

0 222 

(0 164 to 

0 29) 0 0E+00 0 000E+00

0 043 (-

0 084 to 

0 172) 5 30E-01 5 437E-01

42 C12 CST3 Metabolites eGFRbiom diftype 0 248 1 196E-20 4 304E-19 eGFR F4 Y

C12 to 

CST3 to 

eGFR F4

kidney trait 

in F4 94 01

-0 165 (-

0 201 to -

0 13) 0 0E+00 0 000E+00

-0 01 (-

0 031 to 

0 011) 3 24E-01 4 039E-01 -0 175 3 042E-17 -0 78 0 000E+00
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47

Urine 

albumin C12 UACRbiom Metabolites diftype 0 072 7 402E-03 1 567E-02 CKD F4 M

Urine 

albumin to 

CKD F4 to 

C12

kidney trait 

in F4 54 72

0 052 

(0 016 to 

0 09) 4 0E-03 9 406E-03

0 043 (-

0 014 to 

0 101) 1 32E-01 1 500E-01 1 585 4 296E-43 0 288 5 855E-04

52 C14:1 CST3 Metabolites eGFRbiom diftype 0 191 9 890E-13 1 055E-11 CKD F4 Y

C14:1 to 

CST3 to 

CKD F4

kidney trait 

in F4 67 62

0 027 

(0 018 to 

0 035) 0 0E+00 0 000E+00

0 013 (-

0 008 to 

0 036) 2 46E-01 2 619E-01 0 268 4 948E-04 1 437 1 040E-29

52 CKD F4 X

CKD F4 to 

CST3 to 

C14:1

kidney trait 

in F4 55 09

0 171 

(0 114 to 

0 236) 0 0E+00 0 000E+00

0 139 (-

0 016 to 

0 289) 7 60E-02 9 187E-02

95 C14:2 CST3 Metabolites eGFRbiom diftype 0 244 5 241E-20 1 677E-18 CKD F4 Y

C14:2 to 

CST3 to 

CKD F4

kidney trait 

in F4 84 4

0 035 

(0 025 to 

0 045) 0 0E+00 0 000E+00

0 006 (-

0 016 to 

0 03) 6 26E-01 6 350E-01 0 299 2 943E-04 1 437 1 040E-29

95 CKD F4 X

CKD F4 to 

CST3 to 

C14:2

kidney trait 

in F4 74 47

0 215 

(0 157 to 

0 281) 0 0E+00 0 000E+00

0 074 (-

0 068 to 

0 214) 3 38E-01 3 545E-01

99 C14:2 CST3 Metabolites eGFRbiom diftype 0 244 5 241E-20 1 677E-18 eGFR F4 Y

C14:2 to 

CST3 to 

eGFR F4

kidney trait 

in F4 93 57

-0 155 (-

0 19 to -

0 122) 0 0E+00 0 000E+00

-0 011 (-

0 031 to 

0 01) 2 60E-01 3 396E-01 -0 166 2 691E-16 -0 78 0 000E+00

113 C16

Urine 

albumin Metabolites UACRbiom diftype 0 133 8 435E-07 3 626E-06 CKD F4 Y

C16 to 

Urine 

albumin to 

CKD F4

kidney trait 

in F4 63 79

0 026 

(0 016 to 

0 038) 0 0E+00 0 000E+00

0 015 (-

0 007 to 

0 04) 1 80E-01 1 960E-01 0 3 3 705E-04 1 585 4 296E-43

113 CKD F4 X

CKD F4 to 

Urine 

albumin to 

C16

kidney trait 

in F4 51 38

0 147 

(0 074 to 

0 228) 0 0E+00 0 000E+00

0 139 (-

0 011 to 

0 302) 7 20E-02 8 778E-02

118 C18:1

Urine 

albumin Metabolites UACRbiom diftype 0 127 2 547E-06 1 019E-05 CKD F4 Y

C18:1 to 

Urine 

albumin to 

CKD F4

kidney trait 

in F4 75 63

0 026 

(0 017 to 

0 038) 0 0E+00 0 000E+00

0 008 (-

0 011 to 

0 03) 4 30E-01 4 444E-01 0 265 1 336E-03 1 585 4 296E-43

118 CKD F4 X

CKD F4 to 

Urine 

albumin to 

C18:1

kidney trait 

in F4 68 37

0 166 

(0 099 to 

0 248) 0 0E+00 0 000E+00

0 077 (-

0 071 to 

0 229) 3 26E-01 3 422E-01

131 C18:1 CST3 Metabolites eGFRbiom diftype 0 14 1 998E-07 9 280E-07 CKD F4 Y

C18:1 to 

CST3 to 

CKD F4

kidney trait 

in F4 52 7

0 02 

(0 011 to 

0 029) 0 0E+00 0 000E+00

0 018 (-

0 005 to 

0 044) 1 26E-01 1 440E-01 0 265 1 336E-03 1 437 1 040E-29

131 CKD F4 X

CKD F4 to 

CST3 to 

C18:1

kidney trait 

in F4 43 69

0 105 

(0 048 to 

0 169) 0 0E+00 0 000E+00

0 135 (-

0 012 to 

0 281) 6 80E-02 8 311E-02

138

Urine 

albumin C2 UACRbiom Metabolites diftype 0 077 4 233E-03 9 754E-03 CKD F4 M

Urine 

albumin to 

CKD F4 to 

C2

kidney trait 

in F4 57 81

0 057 

(0 019 to 

0 098) 2 0E-03 5 252E-03

0 042 (-

0 013 to 

0 098) 1 40E-01 1 568E-01 1 585 4 296E-43 0 334 5 475E-05

140 C2 CST3 Metabolites eGFRbiom diftype 0 205 2 225E-14 2 670E-13 eGFR F4 Y

C2 to CST3 

to eGFR F4

kidney trait 

in F4 96 81

-0 144 (-

0 186 to -

0 11) 0 0E+00 0 000E+00

-0 005 (-

0 025 to 

0 016) 6 28E-01 6 930E-01 -0 149 3 483E-13 -0 78 0 000E+00

141 CST3 C2 eGFRbiom Metabolites diftype 0 205 2 225E-14 2 670E-13 CKD F4 X

CKD F4 to 

CST3 to C2

kidney trait 

in F4 68 08

0 192 

(0 136 to 

0 259) 0 0E+00 0 000E+00

0 09 (-

0 045 to 

0 226) 1 96E-01 2 123E-01 1 437 1 040E-29 0 334 5 475E-05

141 CKD F4 Y

C2 to CST3 

to CKD F4

kidney trait 

in F4 68 06

0 032 

(0 022 to 

0 043) 0 0E+00 0 000E+00

0 015 (-

0 007 to 

0 038) 1 82E-01 1 978E-01
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154 C5

Creatini

ne Metabolites eGFRbiom diftype 0 182 1 204E-11 1 119E-10 eGFR F4 M

C5 to eGFR 

F4 to 

Creatinine

kidney trait 

in F4 97 77

0 156 

(0 116 to 

0 2) 0 0E+00 0 000E+00

0 004 (-

0 022 to 

0 029) 8 10E-01 8 429E-01 -0 16 4 603E-14 -0 726 0 000E+00

154 eGFR F4 M

Creatinine 

to eGFR F4 

to C5

kidney trait 

in F4 92 2

0 181 

(0 093 to 

0 282) 0 0E+00 0 000E+00

0 015 (-

0 096 to 

0 129) 8 10E-01 8 429E-01

155 C5

Creatini

ne Metabolites eGFRbiom diftype 0 182 1 204E-11 1 119E-10 CKD F4 Y

C5 to 

Creatinine 

to CKD F4

kidney trait 

in F4 74 28

0 024 

(0 016 to 

0 034) 0 0E+00 0 000E+00

0 008 (-

0 013 to 

0 031) 4 60E-01 4 734E-01 0 258 2 331E-03 1 153 1 412E-24

155 CKD F4 X

CKD F4 to 

Creatinine 

to C5

kidney trait 

in F4 64 95

0 139 

(0 088 to 

0 202) 0 0E+00 0 000E+00

0 075 (-

0 06 to 

0 214) 2 60E-01 2 762E-01

156 C5 CST3 Metabolites eGFRbiom diftype 0 182 1 247E-11 1 122E-10 eGFR F4 M

C5 to eGFR 

F4 to CST3

kidney trait 

in F4 97 96

0 157 

(0 117 to 

0 203) 0 0E+00 0 000E+00

0 003 (-

0 02 to 

0 025) 7 78E-01 8 185E-01 -0 16 4 603E-14 -0 78 0 000E+00

156 eGFR F4 M

CST3 to 

eGFR F4 to 

C5

kidney trait 

in F4 90 46

0 192 

(0 068 to 

0 312) 0 0E+00 0 000E+00

0 02 (-

0 121 to 

0 155) 7 78E-01 8 185E-01

157 C5 CST3 Metabolites eGFRbiom diftype 0 182 1 247E-11 1 122E-10 CKD F4 Y

C5 to CST3 

to CKD F4

kidney trait 

in F4 89 08

0 029 

(0 019 to 

0 04) 0 0E+00 0 000E+00

0 004 (-

0 019 to 

0 025) 7 32E-01 7 380E-01 0 258 2 331E-03 1 437 1 040E-29

157 CKD F4 X

CKD F4 to 

CST3 to C5

kidney trait 

in F4 77 03

0 165 

(0 106 to 

0 229) 0 0E+00 0 000E+00

0 049 (-

0 085 to 

0 185) 4 68E-01 4 811E-01

160 C8

Urine 

albumin Metabolites UACRbiom diftype 0 079 3 532E-03 8 270E-03 CKD F4 Y

C8 to Urine 

albumin to 

CKD F4

kidney trait 

in F4 52 78

0 015 

(0 005 to 

0 025) 0 0E+00 0 000E+00

0 013 (-

0 007 to 

0 036) 2 16E-01 2 334E-01 0 23 4 287E-03 1 585 4 296E-43

161 C8 CST3 Metabolites eGFRbiom diftype 0 213 1 922E-15 3 076E-14 eGFR F4 M

C8 to eGFR 

F4 to CST3

kidney trait 

in F4 92 2

0 161 

(0 122 to 

0 2) 0 0E+00 0 000E+00

0 014 (-

0 007 to 

0 035) 2 24E-01 3 018E-01 -0 163 5 665E-16 -0 78 0 000E+00

165 C8

Creatini

ne Metabolites eGFRbiom diftype 0 179 2 374E-11 2 072E-10 CKD F4 Y

C8 to 

Creatinine 

to CKD F4

kidney trait 

in F4 71 69

0 023 

(0 015 to 

0 032) 0 0E+00 0 000E+00

0 009 (-

0 009 to 

0 03) 3 50E-01 3 667E-01 0 23 4 287E-03 1 153 1 412E-24

165 CKD F4 X

CKD F4 to 

Creatinine 

to C8

kidney trait 

in F4 61 5

0 144 

(0 088 to 

0 202) 0 0E+00 0 000E+00

0 09 (-

0 043 to 

0 224) 1 74E-01 1 897E-01

168 C8 CST3 Metabolites eGFRbiom diftype 0 213 1 922E-15 3 076E-14 CKD F4 Y

C8 to CST3 

to CKD F4

kidney trait 

in F4 89 86

0 032 

(0 022 to 

0 041) 0 0E+00 0 000E+00

0 004 (-

0 016 to 

0 023) 7 28E-01 7 347E-01 0 23 4 287E-03 1 437 1 040E-29

168 CKD F4 X

CKD F4 to 

CST3 to C8

kidney trait 

in F4 85 29

0 2 (0 145 

to 0 265) 0 0E+00 0 000E+00

0 035 (-

0 103 to 

0 17) 5 94E-01 6 069E-01

169 C8:1 CST3 Metabolites eGFRbiom diftype 0 166 6 150E-10 4 428E-09 eGFR F4 Y

C8:1 to 

CST3 to 

eGFR F4

kidney trait 

in F4 90 16

-0 11 (-

0 144 to -

0 074) 0 0E+00 0 000E+00

-0 012 (-

0 028 to 

0 007) 2 36E-01 3 147E-01 -0 122 3 964E-10 -0 78 0 000E+00

169 eGFR F4 M

C8:1 to 

eGFR F4 to 

CST3

kidney trait 

in F4 87 49

0 12 (0 08 

to 0 159) 0 0E+00 0 000E+00

0 017 (-

0 002 to 

0 038) 8 80E-02 1 325E-01
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170 C8:1

Creatini

ne Metabolites eGFRbiom diftype 0 141 1 648E-07 7 910E-07 eGFR F4 M

C8:1 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 96 28

0 119 

(0 08 to 

0 158) 0 0E+00 0 000E+00

0 005 (-

0 019 to 

0 029) 7 46E-01 7 979E-01 -0 122 3 964E-10 -0 726 0 000E+00

171 C8:1 CST3 Metabolites eGFRbiom diftype 0 166 6 150E-10 4 428E-09 CKD F4 Y

C8:1 to 

CST3 to 

CKD F4

kidney trait 

in F4 68 57

0 025 

(0 015 to 

0 034) 0 0E+00 0 000E+00

0 011 (-

0 008 to 

0 031) 2 42E-01 2 582E-01 0 257 8 036E-04 1 437 1 040E-29

171 CKD F4 X

CKD F4 to 

CST3 to 

C8:1

kidney trait 

in F4 59 04

0 158 

(0 093 to 

0 223) 0 0E+00 0 000E+00

0 11 (-

0 041 to 

0 25) 1 52E-01 1 683E-01

172 C8:1

Creatini

ne Metabolites eGFRbiom diftype 0 141 1 648E-07 7 910E-07 CKD F4 Y

C8:1 to 

Creatinine 

to CKD F4

kidney trait 

in F4 56 38

0 019 

(0 011 to 

0 026) 0 0E+00 0 000E+00

0 014 (-

0 005 to 

0 034) 1 48E-01 1 641E-01 0 257 8 036E-04 1 153 1 412E-24

172 CKD F4 X

CKD F4 to 

Creatinine 

to C8:1

kidney trait 

in F4 44 24

0 119 

(0 064 to 

0 179) 0 0E+00 0 000E+00

0 15 (0 013 

to 0 294) 4 00E-02 5 197E-02

175 CST3

PNLIPR

P2 eGFRbiom RNAs diftype 0 09 1 987E-02 3 692E-02 CKD F4 M

CST3 to 

CKD F4 to 

PNLIPRP2

kidney trait 

in F4 71 52

0 098 

(0 03 to 

0 171) 0 0E+00 0 000E+00

0 039 (-

0 048 to 

0 13) 3 92E-01 4 072E-01 1 437 1 040E-29 0 365 1 669E-04

176

Urine 

albumin NKD2 UACRbiom RNAs diftype 0 139 3 386E-04 1 016E-03 CKD F4 M

Urine 

albumin to 

CKD F4 to 

NKD2

kidney trait 

in F4 56 62

0 077 

(0 027 to 

0 131) 2 0E-03 5 252E-03

0 059 (-

0 027 to 

0 142) 1 70E-01 1 856E-01 1 585 4 296E-43 0 388 1 191E-04

177

Creatini

ne NKD2 eGFRbiom RNAs diftype 0 11 4 437E-03 1 014E-02 CKD F4 M

Creatinine 

to CKD F4 

to NKD2

kidney trait 

in F4 56 1

0 081 

(0 029 to 

0 139) 2 0E-03 5 252E-03

0 064 (-

0 017 to 

0 148) 1 22E-01 1 396E-01 1 153 1 412E-24 0 388 1 191E-04

178 NKD2

Urine 

albumin RNAs UACRbiom diftype 0 139 3 386E-04 1 016E-03 UACR F4 Y

NKD2 to 

Urine 

albumin to 

UACR F4

kidney trait 

in F4 97 49

0 114 

(0 039 to 

0 197) 2 0E-03 7 459E-03

0 003 (-

0 039 to 

0 047) 8 82E-01 9 221E-01 0 117 7 855E-03 0 925 0 000E+00

179 NKD2

Creatini

ne RNAs eGFRbiom diftype 0 11 4 437E-03 1 014E-02 eGFR F4 M

NKD2 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 86 81

0 09 

(0 037 to 

0 147) 0 0E+00 0 000E+00

0 014 (-

0 02 to 

0 046) 4 38E-01 5 175E-01 -0 086 4 311E-03 -0 726 0 000E+00

180 DUSP11

Creatini

ne RNAs eGFRbiom diftype -0 134 5 571E-04 1 604E-03 CKD F4 Y

DUSP11 to 

Creatinine 

to CKD F4

kidney trait 

in F4 56 17

-0 038 (-

0 058 to -

0 018) 0 0E+00 0 000E+00

-0 03 (-

0 059 to -

0 004) 2 40E-02 3 291E-02 -0 364 1 200E-04 1 153 1 412E-24

180 CKD F4 X

CKD F4 to 

Creatinine 

to DUSP11

kidney trait 

in F4 47 94

-0 177 (-

0 299 to -

0 071) 0 0E+00 0 000E+00

-0 192 (-

0 404 to -

0 006) 4 40E-02 5 635E-02

181 DUSP11 CST3 RNAs eGFRbiom diftype -0 18 2 999E-06 1 183E-05 eGFR F4 Y

DUSP11 to 

CST3 to 

eGFR F4

kidney trait 

in F4 91 76

0 151 

(0 084 to 

0 223) 0 0E+00 0 000E+00

0 014 (-

0 012 to 

0 042) 3 42E-01 4 236E-01 0 164 2 649E-08 -0 78 0 000E+00

181 eGFR F4 M

DUSP11 to 

eGFR F4 to 

CST3

kidney trait 

in F4 88 78

-0 182 (-

0 268 to -

0 103) 0 0E+00 0 000E+00

-0 023 (-

0 057 to 

0 012) 1 94E-01 2 651E-01

182 DUSP11

Creatini

ne RNAs eGFRbiom diftype -0 134 5 571E-04 1 604E-03 eGFR F4 M

DUSP11 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 86 31

-0 17 (-

0 253 to -

0 097) 0 0E+00 0 000E+00

-0 027 (-

0 068 to 

0 017) 2 56E-01 3 355E-01 0 164 2 649E-08 -0 726 0 000E+00

182 eGFR F4 Y

DUSP11 to 

Creatinine 

to eGFR F4

kidney trait 

in F4 85 34

0 14 

(0 072 to 

0 206) 0 0E+00 0 000E+00

0 024 (-

0 006 to 

0 056) 1 14E-01 1 677E-01

183 DUSP11 CST3 RNAs eGFRbiom diftype -0 18 2 999E-06 1 183E-05 CKD F4 Y

DUSP11 to 

CST3 to 

CKD F4

kidney trait 

in F4 63 68

-0 044 (-

0 067 to -

0 023) 0 0E+00 0 000E+00

-0 025 (-

0 055 to 

0 002) 7 60E-02 9 187E-02 -0 364 1 200E-04 1 437 1 040E-29
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183 CKD F4 X

CKD F4 to 

CST3 to 

DUSP11

kidney trait 

in F4 52 71

-0 195 (-

0 32 to -

0 085) 0 0E+00 0 000E+00

-0 175 (-

0 393 to 

0 036) 8 80E-02 1 050E-01

184 TFE3

Urine 

albumin RNAs UACRbiom diftype 0 141 2 815E-04 8 533E-04 UACR F4 M

TFE3 to 

UACR F4 to 

Urine 

albumin

kidney trait 

in F4 96 83

0 147 

(0 079 to 

0 221) 0 0E+00 0 000E+00

0 005 (-

0 034 to 

0 045) 8 06E-01 8 747E-01 0 192 1 682E-05 0 925 0 000E+00

186 AGK CST3 RNAs eGFRbiom diftype -0 099 1 094E-02 2 218E-02 eGFR F4 M

AGK to 

eGFR F4 to 

CST3

kidney trait 

in F4 90 97

-0 101 (-

0 172 to -

0 033) 0 0E+00 0 000E+00

-0 01 (-

0 038 to 

0 02) 5 70E-01 6 381E-01 0 09 1 537E-03 -0 78 0 000E+00

186 eGFR F4 Y

AGK to 

CST3 to 

eGFR F4

kidney trait 

in F4 90 18

0 082 

(0 025 to 

0 136) 0 0E+00 0 000E+00

0 009 (-

0 015 to 

0 032) 4 68E-01 5 446E-01

187 AGK

Creatini

ne RNAs eGFRbiom diftype -0 097 1 251E-02 2 485E-02 eGFR F4 M

AGK to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 85

-0 094 (-

0 162 to -

0 032) 0 0E+00 0 000E+00

-0 017 (-

0 052 to 

0 019) 3 68E-01 4 515E-01 0 09 1 537E-03 -0 726 0 000E+00

188 CST3 AGK eGFRbiom RNAs diftype -0 099 1 094E-02 2 218E-02 CKD F4 M

CST3 to 

CKD F4 to 

AGK

kidney trait 

in F4 54 06

-0 093 (-

0 159 to -

0 033) 4 0E-03 9 406E-03

-0 079 (-

0 17 to 

0 024) 1 40E-01 1 568E-01 1 437 1 040E-29 -0 357 1 592E-04

190 CST3 MCM3 eGFRbiom RNAs diftype -0 088 2 343E-02 4 191E-02 CKD F4 M

CST3 to 

CKD F4 to 

MCM3

kidney trait 

in F4 63 93

-0 103 (-

0 177 to -

0 041) 0 0E+00 0 000E+00

-0 058 (-

0 142 to 

0 04) 2 22E-01 2 381E-01 1 437 1 040E-29 -0 428 2 388E-05

191 MCM3

Urine 

albumin RNAs UACRbiom diftype -0 17 1 030E-05 3 802E-05 UACR F4 M

MCM3 to 

UACR F4 to 

Urine 

albumin

kidney trait 

in F4 96 67

-0 19 (-

0 268 to -

0 117) 0 0E+00 0 000E+00

-0 007 (-

0 052 to 

0 04) 7 58E-01 8 717E-01 -0 248 3 205E-08 0 925 0 000E+00

192 MCM3

Urine 

albumin RNAs UACRbiom diftype -0 17 1 030E-05 3 802E-05 CKD F4 Y

MCM3 to 

Urine 

albumin to 

CKD F4

kidney trait 

in F4 47 35

-0 035 (-

0 05 to -

0 021) 0 0E+00 0 000E+00

-0 039 (-

0 07 to -

0 007) 2 00E-02 2 801E-02 -0 428 2 388E-05 1 585 4 296E-43

192 CKD F4 X

CKD F4 to 

Urine 

albumin to 

MCM3

kidney trait 

in F4 41 78

-0 16 (-

0 269 to -

0 067) 0 0E+00 0 000E+00

-0 223 (-

0 432 to -

0 018) 3 20E-02 4 230E-02

193

Creatini

ne MCM3 eGFRbiom RNAs diftype -0 091 1 848E-02 3 502E-02 CKD F4 M

Creatinine 

to CKD F4 

to MCM3

kidney trait 

in F4 56 5

-0 088 (-

0 146 to -

0 032) 0 0E+00 0 000E+00

-0 067 (-

0 155 to 

0 025) 1 40E-01 1 568E-01 1 153 1 412E-24 -0 428 2 388E-05

194 MCM3 CST3 RNAs eGFRbiom diftype -0 088 2 343E-02 4 191E-02 eGFR F4 M

MCM3 to 

eGFR F4 to 

CST3

kidney trait 

in F4 92 01

-0 105 (-

0 19 to -

0 037) 2 0E-03 4 401E-03

-0 009 (-

0 038 to 

0 021) 5 46E-01 6 221E-01 0 094 2 169E-03 -0 78 0 000E+00

195 MCM3

Creatini

ne RNAs eGFRbiom diftype -0 091 1 848E-02 3 502E-02 eGFR F4 Y

MCM3 to 

Creatinine 

to eGFR F4

kidney trait 

in F4 87 55

0 083 

(0 029 to 

0 147) 2 0E-03 4 401E-03

0 012 (-

0 019 to 

0 041) 4 54E-01 5 299E-01 0 094 2 169E-03 -0 726 0 000E+00

195 eGFR F4 M

MCM3 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 85 03

-0 098 (-

0 175 to -

0 033) 2 0E-03 4 401E-03

-0 017 (-

0 055 to 

0 016) 3 24E-01 4 039E-01

196 TTF2

Creatini

ne RNAs eGFRbiom diftype -0 104 7 237E-03 1 555E-02 eGFR F4 Y

TTF2 to 

Creatinine 

to eGFR F4

kidney trait 

in F4 97 81

0 113 

(0 048 to 

0 18) 0 0E+00 0 000E+00

0 003 (-

0 026 to 

0 03) 8 38E-01 8 697E-01 0 116 7 464E-05 -0 726 0 000E+00

197

Urine 

albumin TTF2 UACRbiom RNAs diftype -0 092 1 745E-02 3 328E-02 CKD F4 M

Urine 

albumin to 

CKD F4 to 

TTF2

kidney trait 

in F4 54 64

-0 073 (-

0 128 to -

0 018) 1 6E-02 2 854E-02

-0 061 (-

0 147 to 

0 016) 1 14E-01 1 315E-01 1 585 4 296E-43 -0 346 2 679E-04
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198 TTF2

Urine 

albumin RNAs UACRbiom diftype -0 092 1 745E-02 3 328E-02 UACR F4 M

TTF2 to 

UACR F4 to 

Urine 

albumin

kidney trait 

in F4 93 39

-0 105 (-

0 171 to -

0 045) 0 0E+00 0 000E+00

-0 007 (-

0 047 to 

0 033) 7 10E-01 8 447E-01 -0 137 1 591E-03 0 925 0 000E+00

199 TTF2

Creatini

ne RNAs eGFRbiom diftype -0 104 7 237E-03 1 555E-02 CKD F4 Y

TTF2 to 

Creatinine 

to CKD F4

kidney trait 

in F4 48 16

-0 031 (-

0 05 to -

0 012) 0 0E+00 0 000E+00

-0 033 (-

0 063 to -

0 004) 2 20E-02 3 038E-02 -0 346 2 679E-04 1 153 1 412E-24

200 ABCB1 CST3 RNAs eGFRbiom diftype -0 119 2 139E-03 5 601E-03 eGFR F4 M

ABCB1 to 

eGFR F4 to 

CST3

kidney trait 

in F4 80 14

-0 108 (-

0 171 to -

0 048) 0 0E+00 0 000E+00

-0 027 (-

0 052 to -

0 001) 4 20E-02 6 892E-02 0 098 9 705E-04 -0 78 0 000E+00

203 ARG1

Creatini

ne RNAs eGFRbiom diftype 0 102 8 454E-03 1 752E-02 eGFR F4 M

ARG1 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 86 8

0 102 

(0 039 to 

0 175) 0 0E+00 0 000E+00

0 016 (-

0 023 to 

0 053) 4 10E-01 4 905E-01 -0 098 9 503E-04 -0 726 0 000E+00

204 ARG1 CST3 RNAs eGFRbiom diftype 0 089 2 207E-02 3 973E-02 eGFR F4 M

ARG1 to 

eGFR F4 to 

CST3

kidney trait 

in F4 95 12

0 109 

(0 044 to 

0 186) 0 0E+00 0 000E+00

0 006 (-

0 025 to 

0 033) 7 84E-01 8 226E-01 -0 098 9 503E-04 -0 78 0 000E+00

205 CST3 ARG1 eGFRbiom RNAs diftype 0 089 2 207E-02 3 973E-02 CKD F4 M

CST3 to 

CKD F4 to 

ARG1

kidney trait 

in F4 54 69

0 091 

(0 027 to 

0 167) 8 0E-03 1 664E-02

0 075 (-

0 014 to 

0 157) 1 04E-01 1 214E-01 1 437 1 040E-29 0 34 2 598E-04

206

SLC25A

4 CST3 RNAs eGFRbiom diftype -0 121 1 724E-03 4 555E-03 eGFR F4 M

SLC25A4 to 

eGFR F4 to 

CST3

kidney trait 

in F4 79 66

-0 1 (-

0 173 to -

0 035) 0 0E+00 0 000E+00

-0 026 (-

0 055 to 

0 002) 7 60E-02 1 167E-01 0 09 1 591E-03 -0 78 0 000E+00

222 IGFBP2 CST3 Proteins eGFRbiom diftype 0 222 3 600E-07 1 620E-06 CKD F4 Y

IGFBP2 to 

CST3 to 

CKD F4

kidney trait 

in F4 54 22

0 029 

(0 014 to 

0 051) 0 0E+00 0 000E+00

0 025 (-

0 017 to 

0 079) 2 46E-01 2 619E-01 0 652 1 167E-03 1 437 1 040E-29

222 CKD F4 X

CKD F4 to 

CST3 to 

IGFBP2

kidney trait 

in F4 46 18

0 19 

(0 082 to 

0 317) 0 0E+00 0 000E+00

0 222 (-

0 035 to 

0 472) 6 80E-02 8 311E-02

225 EFNA5 CST3 Proteins eGFRbiom diftype 0 287 3 780E-11 3 202E-10 eGFR F4 M

EFNA5 to 

eGFR F4 to 

CST3

kidney trait 

in F4 88 32

0 195 

(0 133 to 

0 259) 0 0E+00 0 000E+00

0 026 (-

0 011 to 

0 063) 1 36E-01 1 949E-01 -0 213 3 653E-12 -0 78 0 000E+00

228 EFNA5 CST3 Proteins eGFRbiom diftype 0 287 3 780E-11 3 202E-10 CKD F4 Y

EFNA5 to 

CST3 to 

CKD F4

kidney trait 

in F4 92 18

0 029 

(0 014 to 

0 048) 0 0E+00 0 000E+00

0 002 (-

0 029 to 

0 044) 9 12E-01 9 148E-01 0 533 1 406E-03 1 437 1 040E-29

231

Urine 

albumin ERBB3 UACRbiom Proteins diftype -0 102 2 064E-02 3 770E-02 CKD F4 M

Urine 

albumin to 

CKD F4 to 

ERBB3

kidney trait 

in F4 67 36

-0 082 (-

0 161 to -

0 033) 0 0E+00 0 000E+00

-0 04 (-

0 135 to 

0 066) 4 48E-01 4 615E-01 1 585 4 296E-43 -0 877 8 286E-06

234 ERBB3 CST3 Proteins eGFRbiom diftype -0 258 2 829E-09 1 771E-08 eGFR F4 M

ERBB3 to 

eGFR F4 to 

CST3

kidney trait 

in F4 87 42

-0 177 (-

0 245 to -

0 115) 0 0E+00 0 000E+00

-0 026 (-

0 054 to 

0 007) 9 80E-02 1 453E-01 0 193 6 628E-09 -0 78 0 000E+00

234 eGFR F4 Y

ERBB3 to 

CST3 to 

eGFR F4

kidney trait 

in F4 87 14

0 168 

(0 11 to 

0 223) 0 0E+00 0 000E+00

0 025 (-

0 005 to 

0 056) 9 40E-02 1 405E-01

235 LAYN CST3 Proteins eGFRbiom diftype 0 295 8 726E-12 8 666E-11 eGFR F4 M

LAYN to 

eGFR F4 to 

CST3

kidney trait 

in F4 88 23

0 196 

(0 131 to 

0 264) 0 0E+00 0 000E+00

0 026 (-

0 01 to 

0 064) 1 78E-01 2 468E-01 -0 215 8 370E-13 -0 78 0 000E+00

244 EGFR

Urine 

albumin Proteins UACRbiom diftype -0 155 4 251E-04 1 237E-03 UACR F4 M

EGFR to 

UACR F4 to 

Urine 

albumin

kidney trait 

in F4 86 19

-0 174 (-

0 26 to -

0 1) 0 0E+00 0 000E+00

-0 028 (-

0 082 to 

0 022) 2 92E-01 3 951E-01 -0 221 1 197E-06 0 925 0 000E+00
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244 UACR F4 Y

EGFR to 

Urine 

albumin to 

UACR F4

kidney trait 

in F4 78 2

-0 173 (-

0 27 to -

0 085) 0 0E+00 0 000E+00

-0 048 (-

0 099 to 

0 005) 7 20E-02 1 419E-01

250 IGFBP6 CST3 Proteins eGFRbiom diftype 0 437 2 789E-25 2 008E-23 eGFR F4 M

IGFBP6 to 

eGFR F4 to 

CST3

kidney trait 

in F4 97 17

0 339 

(0 263 to 

0 413) 0 0E+00 0 000E+00

0 01 (-

0 034 to 

0 058) 6 68E-01 7 246E-01 -0 368 1 691E-29 -0 78 0 000E+00

250 eGFR F4 M

CST3 to 

eGFR F4 to 

IGFBP6

kidney trait 

in F4 90 19

0 474 

(0 263 to 

0 661) 0 0E+00 0 000E+00

0 052 (-

0 178 to 

0 322) 6 68E-01 7 246E-01

251 IGFBP6

Creatini

ne Proteins eGFRbiom diftype 0 403 1 655E-21 6 807E-20 eGFR F4 M

IGFBP6 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 96 68

0 337 

(0 264 to 

0 417) 0 0E+00 0 000E+00

0 012 (-

0 045 to 

0 068) 6 68E-01 7 246E-01 -0 368 1 691E-29 -0 726 0 000E+00

251 eGFR F4 M

Creatinine 

to eGFR F4 

to IGFBP6

kidney trait 

in F4 91 72

0 432 

(0 289 to 

0 598) 0 0E+00 0 000E+00

0 039 (-

0 154 to 

0 211) 6 68E-01 7 246E-01

253 IGFBP6 CST3 Proteins eGFRbiom diftype 0 437 2 789E-25 2 008E-23 CKD F4 Y

IGFBP6 to 

CST3 to 

CKD F4

kidney trait 

in F4 72 35

0 044 

(0 023 to 

0 07) 0 0E+00 0 000E+00

0 017 (-

0 025 to 

0 057) 4 34E-01 4 480E-01 0 748 1 293E-05 1 437 1 040E-29

253 CKD F4 X

CKD F4 to 

CST3 to 

IGFBP6

kidney trait 

in F4 66 16

0 409 

(0 248 to 

0 61) 0 0E+00 0 000E+00

0 209 (-

0 049 to 

0 46) 9 40E-02 1 112E-01

254

Creatini

ne FGF20 eGFRbiom Proteins diftype -0 147 8 276E-04 2 337E-03 CKD F4 M

Creatinine 

to CKD F4 

to FGF20

kidney trait 

in F4 45 18

-0 068 (-

0 14 to -

0 024) 0 0E+00 0 000E+00

-0 082 (-

0 182 to 

0 027) 1 38E-01 1 558E-01 1 153 1 412E-24 -1 071 1 012E-04

256 FGF20 CST3 Proteins eGFRbiom diftype -0 273 3 105E-10 2 293E-09 eGFR F4 Y

FGF20 to 

CST3 to 

eGFR F4

kidney trait 

in F4 95 96

0 116 

(0 055 to 

0 245) 0 0E+00 0 000E+00

0 005 (-

0 016 to 

0 035) 6 18E-01 6 879E-01 0 121 4 049E-05 -0 78 0 000E+00

256 eGFR F4 M

FGF20 to 

eGFR F4 to 

CST3

kidney trait 

in F4 80 11

-0 111 (-

0 251 to -

0 048) 0 0E+00 0 000E+00

-0 028 (-

0 064 to -

0 01) 4 00E-03 7 529E-03

259

Urine 

albumin SPINT1 UACRbiom Proteins diftype -0 099 2 483E-02 4 414E-02 CKD F4 M

Urine 

albumin to 

CKD F4 to 

SPINT1

kidney trait 

in F4 37 29

-0 051 (-

0 12 to -

0 003) 3 2E-02 4 778E-02

-0 086 (-

0 19 to 

0 017) 9 40E-02 1 112E-01 1 585 4 296E-43 -0 478 2 608E-03

260 SPINT1

Urine 

albumin Proteins UACRbiom diftype -0 099 2 483E-02 4 414E-02 UACR F4 M

SPINT1 to 

UACR F4 to 

Urine 

albumin

kidney trait 

in F4 75 63

-0 081 (-

0 146 to -

0 02) 6 0E-03 1 762E-02

-0 026 (-

0 075 to 

0 021) 2 80E-01 3 864E-01 -0 102 1 478E-02 0 925 0 000E+00

261 SPINT1 CST3 Proteins eGFRbiom diftype -0 134 2 412E-03 6 202E-03 eGFR F4 M

SPINT1 to 

eGFR F4 to 

CST3

kidney trait 

in F4 86 8

-0 075 (-

0 137 to -

0 019) 1 4E-02 2 572E-02

-0 011 (-

0 039 to 

0 017) 4 28E-01 5 073E-01 0 082 9 404E-03 -0 78 0 000E+00

262 CST3 SPINT1 eGFRbiom Proteins diftype -0 134 2 412E-03 6 202E-03 CKD F4 M

CST3 to 

CKD F4 to 

SPINT1

kidney trait 

in F4 36 19

-0 062 (-

0 138 to -

0 008) 1 8E-02 3 137E-02

-0 109 (-

0 249 to 

0 021) 9 80E-02 1 151E-01 1 437 1 040E-29 -0 478 2 608E-03

266 NBL1 CST3 Proteins eGFRbiom diftype 0 373 2 378E-18 5 708E-17 eGFR F4 Y

NBL1 to 

CST3 to 

eGFR F4

kidney trait 

in F4 91 18

-0 22 (-

0 288 to -

0 154) 0 0E+00 0 000E+00

-0 021 (-

0 054 to 

0 012) 2 34E-01 3 131E-01 -0 241 7 486E-16 -0 78 0 000E+00

268

Urine 

albumin GHR UACRbiom Proteins diftype -0 102 2 068E-02 3 770E-02 CKD F4 M

Urine 

albumin to 

CKD F4 to 

GHR

kidney trait 

in F4 54 33

-0 068 (-

0 138 to -

0 024) 0 0E+00 0 000E+00

-0 057 (-

0 154 to 

0 038) 2 20E-01 2 370E-01 1 585 4 296E-43 -0 781 9 172E-05
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269 GHR

Urine 

albumin Proteins UACRbiom diftype -0 102 2 068E-02 3 770E-02 UACR F4 M

GHR to 

UACR F4 to 

Urine 

albumin

kidney trait 

in F4 99 08

-0 132 (-

0 22 to -

0 048) 2 0E-03 7 459E-03

-0 001 (-

0 06 to 

0 056) 9 70E-01 9 700E-01 -0 167 7 015E-04 0 925 0 000E+00

272 GHR CST3 Proteins eGFRbiom diftype -0 207 2 243E-06 9 156E-06 eGFR F4 Y

GHR to 

CST3 to 

eGFR F4

kidney trait 

in F4 94 99

0 149 

(0 091 to 

0 207) 0 0E+00 0 000E+00

0 008 (-

0 033 to 

0 046) 7 68E-01 8 147E-01 0 157 2 036E-05 -0 78 0 000E+00

272 eGFR F4 M

GHR to 

eGFR F4 to 

CST3

kidney trait 

in F4 80 86

-0 144 (-

0 212 to -

0 074) 0 0E+00 0 000E+00

-0 034 (-

0 073 to 

0 003) 6 60E-02 1 034E-01

273

Creatini

ne GHR eGFRbiom Proteins diftype -0 124 5 049E-03 1 136E-02 CKD F4 M

Creatinine 

to CKD F4 

to GHR

kidney trait 

in F4 44 42

-0 061 (-

0 119 to -

0 022) 0 0E+00 0 000E+00

-0 076 (-

0 18 to 

0 027) 1 56E-01 1 722E-01 1 153 1 412E-24 -0 781 9 172E-05

276

CGA 

LHB CST3 Proteins eGFRbiom diftype 0 234 8 101E-08 4 242E-07 eGFR F4 M

CGA LHB 

to eGFR F4 

to CST3

kidney trait 

in F4 89 94

0 23 

(0 137 to 

0 34) 0 0E+00 0 000E+00

0 026 (-

0 033 to 

0 086) 3 68E-01 4 515E-01 -0 249 7 420E-06 -0 78 0 000E+00

276 eGFR F4 Y

CGA LHB 

to CST3 to 

eGFR F4

kidney trait 

in F4 85 39

-0 213 (-

0 323 to -

0 123) 0 0E+00 0 000E+00

-0 036 (-

0 089 to 

0 02) 1 96E-01 2 669E-01

279 ESAM CST3 Proteins eGFRbiom diftype 0 276 1 940E-10 1 510E-09 eGFR F4 Y

ESAM to 

CST3 to 

eGFR F4

kidney trait 

in F4 88 05

-0 179 (-

0 235 to -

0 123) 0 0E+00 0 000E+00

-0 024 (-

0 057 to 

0 007) 1 56E-01 2 202E-01 -0 204 2 965E-11 -0 78 0 000E+00

279 eGFR F4 M

ESAM to 

eGFR F4 to 

CST3

kidney trait 

in F4 85 95

0 186 

(0 121 to 

0 251) 0 0E+00 0 000E+00

0 03 (-

0 004 to 

0 063) 8 60E-02 1 300E-01

283 JAM2

Creatini

ne Proteins eGFRbiom diftype 0 331 1 313E-14 1 801E-13 CKD F4 Y

JAM2 to 

Creatinine 

to CKD F4

kidney trait 

in F4 56 32

0 024 

(0 012 to 

0 039) 0 0E+00 0 000E+00

0 019 (-

0 012 to 

0 056) 2 56E-01 2 722E-01 0 55 3 441E-04 1 153 1 412E-24

283 CKD F4 X

CKD F4 to 

Creatinine 

to JAM2

kidney trait 

in F4 51 14

0 302 

(0 153 to 

0 477) 0 0E+00 0 000E+00

0 289 (-

0 043 to 

0 638) 1 04E-01 1 214E-01

285 JAM2 CST3 Proteins eGFRbiom diftype 0 341 2 148E-15 3 257E-14 CKD F4 Y

JAM2 to 

CST3 to 

CKD F4

kidney trait 

in F4 75 15

0 027 

(0 013 to 

0 043) 0 0E+00 0 000E+00

0 009 (-

0 019 to 

0 048) 5 72E-01 5 856E-01 0 55 3 441E-04 1 437 1 040E-29

285 CKD F4 X

CKD F4 to 

CST3 to 

JAM2

kidney trait 

in F4 59 63

0 353 

(0 176 to 

0 56) 0 0E+00 0 000E+00

0 239 (-

0 115 to 

0 595) 2 22E-01 2 381E-01

286 JAM2

Creatini

ne Proteins eGFRbiom diftype 0 331 1 313E-14 1 801E-13 eGFR F4 M

JAM2 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 88 21

0 215 

(0 151 to 

0 278) 0 0E+00 0 000E+00

0 029 (-

0 012 to 

0 066) 1 70E-01 2 382E-01 -0 238 2 243E-17 -0 726 0 000E+00

290

CLEC4

M CST3 Proteins eGFRbiom diftype -0 207 2 257E-06 9 156E-06 eGFR F4 Y

CLEC4M to 

CST3 to 

eGFR F4

kidney trait 

in F4 87 68

0 148 

(0 094 to 

0 201) 0 0E+00 0 000E+00

0 021 (-

0 009 to 

0 048) 1 72E-01 2 402E-01 0 169 2 079E-08 -0 78 0 000E+00

290 eGFR F4 M

CLEC4M to 

eGFR F4 to 

CST3

kidney trait 

in F4 86 98

-0 155 (-

0 215 to -

0 093) 0 0E+00 0 000E+00

-0 023 (-

0 052 to 

0 006) 1 20E-01 1 739E-01

293 IL19 CST3 Proteins eGFRbiom diftype -0 182 3 397E-05 1 179E-04 CKD F4 Y

IL19 to 

CST3 to 

CKD F4

kidney trait 

in F4 38 25

-0 012 (-

0 022 to -

0 005) 0 0E+00 0 000E+00

-0 02 (-0 04 

to 0 004) 1 06E-01 1 235E-01 -0 555 1 445E-03 1 437 1 040E-29

294 IL19 CST3 Proteins eGFRbiom diftype -0 182 3 397E-05 1 179E-04 eGFR F4 M

IL19 to 

eGFR F4 to 

CST3

kidney trait 

in F4 94 98

-0 128 (-

0 189 to -

0 066) 0 0E+00 0 000E+00

-0 007 (-

0 033 to 

0 025) 6 36E-01 6 998E-01 0 138 5 103E-06 -0 78 0 000E+00
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294 eGFR F4 Y

IL19 to 

CST3 to 

eGFR F4

kidney trait 

in F4 80 89

0 112 

(0 052 to 

0 163) 0 0E+00 0 000E+00

0 026 (-

0 002 to 

0 055) 5 60E-02 8 886E-02

296 RETN CST3 Proteins eGFRbiom diftype 0 283 6 818E-11 5 455E-10 CKD F4 Y

RETN to 

CST3 to 

CKD F4

kidney trait 

in F4 64

0 026 

(0 014 to 

0 042) 0 0E+00 0 000E+00

0 015 (-

0 018 to 

0 054) 3 94E-01 4 084E-01 0 525 2 696E-04 1 437 1 040E-29

296 CKD F4 X

CKD F4 to 

CST3 to 

RETN

kidney trait 

in F4 54 55

0 324 

(0 18 to 

0 507) 0 0E+00 0 000E+00

0 27 (-

0 102 to 

0 667) 1 60E-01 1 762E-01

299 RETN CST3 Proteins eGFRbiom diftype 0 283 6 818E-11 5 455E-10 eGFR F4 Y

RETN to 

CST3 to 

eGFR F4

kidney trait 

in F4 97 69

-0 177 (-

0 23 to -

0 119) 0 0E+00 0 000E+00

-0 004 (-

0 035 to 

0 027) 7 76E-01 8 185E-01 -0 181 5 914E-10 -0 78 0 000E+00

300

Creatini

ne IL2 eGFRbiom Proteins diftype -0 11 1 300E-02 2 536E-02 CKD F4 M

Creatinine 

to CKD F4 

to IL2

kidney trait 

in F4 43 73

-0 062 (-

0 145 to -

0 009) 2 2E-02 3 588E-02

-0 079 (-

0 195 to 

0 038) 2 36E-01 2 520E-01 1 153 1 412E-24 -0 396 2 609E-03

301 IL2

Creatini

ne Proteins eGFRbiom diftype -0 11 1 300E-02 2 536E-02 eGFR F4 Y

IL2 to 

Creatinine 

to eGFR F4

kidney trait 

in F4 89 55

0 055 

(0 008 to 

0 099) 2 6E-02 4 549E-02

0 006 (-

0 026 to 

0 04) 7 00E-01 7 551E-01 0 061 4 367E-02 -0 726 0 000E+00

304

TNFRS

F1B CST3 Proteins eGFRbiom diftype 0 415 9 521E-23 4 570E-21 CKD F4 Y

TNFRSF1B 

to CST3 to 

CKD F4

kidney trait 

in F4 80 14

0 04 

(0 017 to 

0 066) 0 0E+00 0 000E+00

0 01 (-

0 028 to 

0 053) 6 20E-01 6 295E-01 0 684 1 037E-05 1 437 1 040E-29

304 CKD F4 X

CKD F4 to 

CST3 to 

TNFRSF1B

kidney trait 

in F4 69 38

0 504 

(0 282 to 

0 772) 0 0E+00 0 000E+00

0 223 (-

0 134 to 

0 59) 2 22E-01 2 381E-01

307

ADAM

TS13 CST3 Proteins eGFRbiom diftype -0 161 2 551E-04 7 900E-04 CKD F4 Y

ADAMTS1

3 to CST3 

to CKD F4

kidney trait 

in F4 43 8

-0 011 (-

0 021 to -

0 005) 0 0E+00 0 000E+00

-0 014 (-

0 036 to 

0 016) 3 14E-01 3 304E-01 -0 461 1 977E-03 1 437 1 040E-29

307 CKD F4 X

CKD F4 to 

CST3 to 

ADAMTS1

3

kidney trait 

in F4 38 2

-0 165 (-

0 313 to -

0 051) 0 0E+00 0 000E+00

-0 267 (-

0 704 to 

0 115) 2 18E-01 2 354E-01

309

ADAM

TS13

Creatini

ne Proteins eGFRbiom diftype -0 144 1 064E-03 2 891E-03 CKD F4 Y

ADAMTS1

3 to 

Creatinine 

to CKD F4

kidney trait 

in F4 30 76

-0 009 (-

0 016 to -

0 003) 2 0E-03 5 252E-03

-0 02 (-

0 037 to 

0 005) 9 40E-02 1 112E-01 -0 461 1 977E-03 1 153 1 412E-24

310 ACY1 CST3 Proteins eGFRbiom diftype -0 111 1 212E-02 2 431E-02 eGFR F4 M

ACY1 to 

eGFR F4 to 

CST3

kidney trait 

in F4 99 34

-0 114 (-

0 184 to -

0 048) 0 0E+00 0 000E+00

-0 001 (-

0 035 to 

0 034) 9 44E-01 9 565E-01 0 123 6 810E-04 -0 78 0 000E+00

312 ACY1

Creatini

ne Proteins eGFRbiom diftype -0 115 9 386E-03 1 931E-02 eGFR F4 M

ACY1 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 99 27

-0 114 (-

0 183 to -

0 048) 0 0E+00 0 000E+00

-0 001 (-

0 044 to 

0 041) 9 80E-01 9 826E-01 0 123 6 810E-04 -0 726 0 000E+00

314

Creatini

ne BMP1 eGFRbiom Proteins diftype -0 117 8 040E-03 1 678E-02 CKD F4 M

Creatinine 

to CKD F4 

to BMP1

kidney trait 

in F4 39 97

-0 052 (-

0 113 to -

0 009) 1 4E-02 2 586E-02

-0 078 (-

0 193 to 

0 026) 1 62E-01 1 776E-01 1 153 1 412E-24 -0 574 1 717E-03

315 BMP1 CST3 Proteins eGFRbiom diftype -0 169 1 165E-04 3 686E-04 eGFR F4 Y

BMP1 to 

CST3 to 

eGFR F4

kidney trait 

in F4 90 03

0 119 

(0 052 to 

0 186) 0 0E+00 0 000E+00

0 013 (-

0 022 to 

0 05) 5 30E-01 6 093E-01 0 132 1 811E-04 -0 78 0 000E+00

315 eGFR F4 M

BMP1 to 

eGFR F4 to 

CST3

kidney trait 

in F4 85 55

-0 122 (-

0 187 to -

0 052) 0 0E+00 0 000E+00

-0 021 (-

0 06 to 

0 019) 3 32E-01 4 126E-01

319 CTSV CST3 Proteins eGFRbiom diftype -0 248 1 199E-08 7 047E-08 eGFR F4 Y

CTSV to 

CST3 to 

eGFR F4

kidney trait 

in F4 94 78

0 187 

(0 132 to 

0 244) 0 0E+00 0 000E+00

0 01 (-

0 021 to 

0 041) 5 34E-01 6 103E-01 0 197 1 660E-08 -0 78 0 000E+00
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322

Urine 

albumin FN1 UACRbiom Proteins diftype -0 102 2 051E-02 3 770E-02 CKD F4 M

Urine 

albumin to 

CKD F4 to 

FN1

kidney trait 

in F4 46 06

-0 072 (-

0 144 to -

0 02) 8 0E-03 1 664E-02

-0 084 (-

0 188 to 

0 017) 1 12E-01 1 298E-01 1 585 4 296E-43 -0 559 3 945E-04

323 FN1 CST3 Proteins eGFRbiom diftype -0 193 1 020E-05 3 802E-05 eGFR F4 Y

FN1 to 

CST3 to 

eGFR F4

kidney trait 

in F4 97 05

0 129 

(0 074 to 

0 185) 0 0E+00 0 000E+00

0 004 (-

0 022 to 

0 032) 8 10E-01 8 429E-01 0 133 1 248E-05 -0 78 0 000E+00

325 FN1

Urine 

albumin Proteins UACRbiom diftype -0 102 2 051E-02 3 770E-02 UACR F4 Y

FN1 to 

Urine 

albumin to 

UACR F4

kidney trait 

in F4 96 69

-0 099 (-

0 164 to -

0 036) 2 0E-03 7 459E-03

-0 003 (-

0 051 to 

0 04) 9 26E-01 9 396E-01 -0 102 1 236E-02 0 925 0 000E+00

327

Creatini

ne FN1 eGFRbiom Proteins diftype -0 133 2 624E-03 6 629E-03 CKD F4 M

Creatinine 

to CKD F4 

to FN1

kidney trait 

in F4 41 85

-0 067 (-

0 135 to -

0 019) 4 0E-03 9 406E-03

-0 093 (-

0 208 to 

0 02) 1 10E-01 1 278E-01 1 153 1 412E-24 -0 559 3 945E-04

331 FSTL3 CST3 Proteins eGFRbiom diftype 0 33 1 775E-14 2 223E-13 eGFR F4 M

FSTL3 to 

eGFR F4 to 

CST3

kidney trait 

in F4 88 28

0 223 

(0 166 to 

0 278) 0 0E+00 0 000E+00

0 03 (-

0 016 to 

0 073) 2 00E-01 2 714E-01 -0 244 1 871E-15 -0 78 0 000E+00

335 B2M CST3 Proteins eGFRbiom diftype 0 615 1 036E-54 2 985E-52 eGFR F4 Y

B2M to 

CST3 to 

eGFR F4

kidney trait 

in F4 97 18

-0 417 (-

0 467 to -

0 37) 0 0E+00 0 000E+00

-0 012 (-

0 061 to 

0 038) 6 62E-01 7 242E-01 -0 43 4 438E-50 -0 78 0 000E+00

335 eGFR F4 X

eGFR F4 to 

CST3 to 

B2M

kidney trait 

in F4 93 05

-0 778 (-

1 024 to -

0 533) 0 0E+00 0 000E+00

-0 058 (-0 3 

to 0 173) 6 62E-01 7 242E-01

338 MASP1

Urine 

albumin Proteins UACRbiom diftype -0 113 1 015E-02 2 074E-02 CKD F4 Y

MASP1 to 

Urine 

albumin to 

CKD F4

kidney trait 

in F4 38 12

-0 01 (-

0 022 to -

0 003) 6 0E-03 1 338E-02

-0 016 (-

0 036 to 

0 007) 1 40E-01 1 568E-01 -0 522 2 509E-03 1 585 4 296E-43

339 CST3 MASP1 eGFRbiom Proteins diftype -0 157 3 603E-04 1 059E-03 CKD F4 X

CKD F4 to 

CST3 to 

MASP1

kidney trait 

in F4 44 88

-0 183 (-

0 328 to -

0 063) 0 0E+00 0 000E+00

-0 225 (-

0 52 to 

0 072) 1 32E-01 1 500E-01 1 437 1 040E-29 -0 522 2 509E-03

339 CKD F4 Y

MASP1 to 

CST3 to 

CKD F4

kidney trait 

in F4 38 96

-0 012 (-

0 023 to -

0 005) 0 0E+00 0 000E+00

-0 019 (-

0 043 to 

0 002) 7 40E-02 9 000E-02

342 MASP1 CST3 Proteins eGFRbiom diftype -0 157 3 603E-04 1 059E-03 eGFR F4 M

MASP1 to 

eGFR F4 to 

CST3

kidney trait 

in F4 89 64

-0 11 (-

0 183 to -

0 048) 0 0E+00 0 000E+00

-0 013 (-

0 039 to 

0 02) 4 04E-01 4 863E-01 0 119 4 669E-05 -0 78 0 000E+00

342 eGFR F4 Y

MASP1 to 

CST3 to 

eGFR F4

kidney trait 

in F4 85 84

0 102 

(0 046 to 

0 165) 0 0E+00 0 000E+00

0 017 (-

0 009 to 

0 052) 2 72E-01 3 517E-01

346 KDR CST3 Proteins eGFRbiom diftype -0 264 1 282E-09 8 789E-09 eGFR F4 Y

KDR to 

CST3 to 

eGFR F4

kidney trait 

in F4 94 19

0 145 

(0 089 to 

0 201) 0 0E+00 0 000E+00

0 009 (-

0 02 to 

0 04) 5 56E-01 6 298E-01 0 153 4 635E-07 -0 78 0 000E+00

348

Creatini

ne IGF2R eGFRbiom Proteins diftype -0 098 2 672E-02 4 693E-02 CKD F4 M

Creatinine 

to CKD F4 

to IGF2R

kidney trait 

in F4 51 67

-0 071 (-

0 14 to -

0 025) 0 0E+00 0 000E+00

-0 066 (-

0 192 to 

0 053) 2 92E-01 3 085E-01 1 153 1 412E-24 -0 689 7 657E-05

351 IGF2R CST3 Proteins eGFRbiom diftype -0 187 1 945E-05 6 830E-05 eGFR F4 Y

IGF2R to 

CST3 to 

eGFR F4

kidney trait 

in F4 99 73

0 137 

(0 079 to 

0 188) 0 0E+00 0 000E+00

0 (-0 029 to 

0 033) 9 68E-01 9 756E-01 0 138 2 099E-05 -0 78 0 000E+00

352 CST3 PLG eGFRbiom Proteins diftype -0 261 1 881E-09 1 204E-08 CKD F4 X

CKD F4 to 

CST3 to 

PLG

kidney trait 

in F4 46 32

-0 228 (-

0 356 to -

0 117) 0 0E+00 0 000E+00

-0 264 (-0 6 

to 0 106) 1 70E-01 1 856E-01 1 437 1 040E-29 -0 56 4 843E-04

352 CKD F4 Y

PLG to 

CST3 to 

CKD F4

kidney trait 

in F4 46 02

-0 015 (-

0 027 to -

0 008) 0 0E+00 0 000E+00

-0 018 (-

0 036 to 

0 012) 2 06E-01 2 229E-01
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356 CTSH CST3 Proteins eGFRbiom diftype 0 415 8 967E-23 4 570E-21 eGFR F4 Y

CTSH to 

CST3 to 

eGFR F4

kidney trait 

in F4 92 52

-0 293 (-

0 346 to -

0 237) 0 0E+00 0 000E+00

-0 024 (-

0 06 to 

0 015) 2 44E-01 3 231E-01 -0 317 1 036E-23 -0 78 0 000E+00

356 eGFR F4 X

eGFR F4 to 

CST3 to 

CTSH

kidney trait 

in F4 73 56

-0 425 (-

0 639 to -

0 221) 0 0E+00 0 000E+00

-0 153 (-

0 372 to 

0 094) 2 44E-01 3 231E-01

357 CTSH CST3 Proteins eGFRbiom diftype 0 415 8 967E-23 4 570E-21 CKD F4 Y

CTSH to 

CST3 to 

CKD F4

kidney trait 

in F4 89 7

0 044 

(0 024 to 

0 071) 0 0E+00 0 000E+00

0 005 (-

0 025 to 

0 038) 7 72E-01 7 775E-01 0 7 3 570E-05 1 437 1 040E-29

357 CKD F4 X

CKD F4 to 

CST3 to 

CTSH

kidney trait 

in F4 73 28

0 465 

(0 29 to 

0 665) 0 0E+00 0 000E+00

0 17 (-

0 078 to 

0 439) 1 60E-01 1 762E-01

359 FCN3 CST3 Proteins eGFRbiom diftype -0 132 2 699E-03 6 759E-03 eGFR F4 Y

FCN3 to 

CST3 to 

eGFR F4

kidney trait 

in F4 87 94

0 092 

(0 041 to 

0 144) 2 0E-03 4 401E-03

0 013 (-

0 023 to 

0 047) 5 06E-01 5 853E-01 0 105 1 598E-03 -0 78 0 000E+00

362

RPS6K

A5

Urine 

albumin Proteins UACRbiom diftype 0 102 2 130E-02 3 858E-02 UACR F4 M

RPS6KA5 

to UACR F4 

to Urine 

albumin

kidney trait 

in F4 97 53

0 083 

(0 021 to 

0 146) 4 0E-03 1 314E-02

0 002 (-

0 039 to 

0 046) 9 02E-01 9 289E-01 0 105 8 281E-03 0 925 0 000E+00

364 MED1

Urine 

albumin Proteins UACRbiom diftype 0 146 9 329E-04 2 584E-03 UACR F4 Y

MED1 to 

Urine 

albumin to 

UACR F4

kidney trait 

in F4 90 57

0 103 

(0 027 to 

0 194) 2 0E-03 7 459E-03

0 011 (-

0 04 to 

0 057) 6 74E-01 8 207E-01 0 114 6 638E-03 0 925 0 000E+00

365 PAPPA CST3 Proteins eGFRbiom diftype 0 193 1 121E-05 4 036E-05 CKD F4 Y

PAPPA to 

CST3 to 

CKD F4

kidney trait 

in F4 43 85

0 019 

(0 009 to 

0 032) 0 0E+00 0 000E+00

0 025 (-

0 01 to 

0 067) 1 38E-01 1 558E-01 0 526 8 906E-04 1 437 1 040E-29

365 CKD F4 X

CKD F4 to 

CST3 to 

PAPPA

kidney trait 

in F4 42 47

0 217 

(0 083 to 

0 362) 0 0E+00 0 000E+00

0 294 (-

0 096 to 

0 681) 1 16E-01 1 334E-01

369

Urine 

albumin IL6 UACRbiom Proteins diftype 0 133 2 452E-03 6 248E-03 CKD F4 M

Urine 

albumin to 

CKD F4 to 

IL6

kidney trait 

in F4 86 7

0 089 

(0 019 to 

0 19) 8 0E-03 1 664E-02

0 014 (-

0 082 to 

0 128) 7 26E-01 7 334E-01 1 585 4 296E-43 0 395 3 724E-04

370 CST3 TFF3 eGFRbiom Proteins diftype 0 376 1 102E-18 2 886E-17 CKD F4 X

CKD F4 to 

CST3 to 

TFF3

kidney trait 

in F4 74 11

0 335 

(0 193 to 

0 5) 0 0E+00 0 000E+00

0 117 (-

0 12 to 

0 337) 3 08E-01 3 244E-01 1 437 1 040E-29 0 438 2 250E-03

370 CKD F4 Y

TFF3 to 

CST3 to 

CKD F4

kidney trait 

in F4 72 47

0 032 

(0 016 to 

0 059) 0 0E+00 0 000E+00

0 012 (-

0 013 to 

0 044) 3 56E-01 3 726E-01

371 TFF3

Creatini

ne Proteins eGFRbiom diftype 0 273 2 976E-10 2 255E-09 CKD F4 Y

TFF3 to 

Creatinine 

to CKD F4

kidney trait 

in F4 53 85

0 021 

(0 009 to 

0 038) 0 0E+00 0 000E+00

0 018 (-

0 004 to 

0 048) 1 30E-01 1 484E-01 0 438 2 250E-03 1 153 1 412E-24

371 CKD F4 X

CKD F4 to 

Creatinine 

to TFF3

kidney trait 

in F4 43 48

0 196 

(0 095 to 

0 307) 0 0E+00 0 000E+00

0 255 

(0 017 to 

0 479) 3 80E-02 4 970E-02

373 TFF3 CST3 Proteins eGFRbiom diftype 0 376 1 102E-18 2 886E-17 eGFR F4 M

TFF3 to 

eGFR F4 to 

CST3

kidney trait 

in F4 88 47

0 216 

(0 137 to 

0 326) 0 0E+00 0 000E+00

0 028 (-

0 008 to 

0 07) 1 34E-01 1 927E-01 -0 237 6 389E-14 -0 78 0 000E+00

375 EPHA2 CST3 Proteins eGFRbiom diftype 0 256 3 863E-09 2 318E-08 eGFR F4 Y

EPHA2 to 

CST3 to 

eGFR F4

kidney trait 

in F4 96 9

-0 165 (-

0 224 to -

0 108) 0 0E+00 0 000E+00

-0 005 (-

0 039 to 

0 028) 7 62E-01 8 128E-01 -0 17 1 800E-08 -0 78 0 000E+00

379 NTRK2 CST3 Proteins eGFRbiom diftype -0 16 2 641E-04 8 091E-04 eGFR F4 Y

NTRK2 to 

CST3 to 

eGFR F4

kidney trait 

in F4 97 74

0 102 

(0 054 to 

0 151) 0 0E+00 0 000E+00

0 002 (-

0 028 to 

0 033) 8 56E-01 8 812E-01 0 104 4 388E-04 -0 78 0 000E+00



188 

 

 

383 NTRK2

Urine 

albumin Proteins UACRbiom diftype -0 13 3 103E-03 7 447E-03 CKD F4 Y

NTRK2 to 

Urine 

albumin to 

CKD F4

kidney trait 

in F4 38 8

-0 012 (-

0 023 to -

0 005) 4 0E-03 9 406E-03

-0 018 (-

0 037 to 

0 002) 7 40E-02 9 000E-02 -0 518 1 411E-03 1 585 4 296E-43

386 AMH CST3 Proteins eGFRbiom diftype -0 223 3 500E-07 1 600E-06 eGFR F4 Y

AMH to 

CST3 to 

eGFR F4

kidney trait 

in F4 91 19

0 156 

(0 105 to 

0 213) 0 0E+00 0 000E+00

0 015 (-

0 017 to 

0 047) 4 06E-01 4 872E-01 0 171 2 012E-08 -0 78 0 000E+00

386 eGFR F4 M

AMH to 

eGFR F4 to 

CST3

kidney trait 

in F4 83 58

-0 157 (-

0 223 to -

0 094) 0 0E+00 0 000E+00

-0 031 (-

0 064 to -

0 001) 4 40E-02 7 159E-02

387 AMH CST3 Proteins eGFRbiom diftype -0 223 3 500E-07 1 600E-06 CKD F4 Y

AMH to 

CST3 to 

CKD F4

kidney trait 

in F4 54 63

-0 017 (-

0 028 to -

0 009) 0 0E+00 0 000E+00

-0 014 (-

0 035 to 

0 009) 1 82E-01 1 978E-01 -0 533 7 168E-04 1 437 1 040E-29

387 CKD F4 X

CKD F4 to 

CST3 to 

AMH

kidney trait 

in F4 51 65

-0 262 (-

0 39 to -

0 147) 0 0E+00 0 000E+00

-0 246 (-

0 581 to 

0 068) 1 32E-01 1 500E-01

389

Creatini

ne MMP1 eGFRbiom Proteins diftype 0 131 2 925E-03 7 199E-03 CKD F4 M

Creatinine 

to CKD F4 

to MMP1

kidney trait 

in F4 37 62

0 059 

(0 013 to 

0 124) 1 2E-02 2 272E-02

0 097 (-

0 025 to 

0 229) 1 16E-01 1 334E-01 1 153 1 412E-24 0 571 2 747E-04

390 MMP1

Creatini

ne Proteins eGFRbiom diftype 0 131 2 925E-03 7 199E-03 eGFR F4 M

MMP1 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 83 73

0 071 

(0 013 to 

0 132) 2 0E-02 3 547E-02

0 014 (-

0 021 to 

0 053) 4 18E-01 4 985E-01 -0 077 1 188E-02 -0 726 0 000E+00

390 eGFR F4 Y

MMP1 to 

Creatinine 

to eGFR F4

kidney trait 

in F4 81 97

-0 063 (-

0 12 to -

0 009) 2 0E-02 3 547E-02

-0 014 (-

0 043 to 

0 017) 4 52E-01 5 292E-01

392 C1QBP CST3 Proteins eGFRbiom diftype -0 35 3 087E-16 5 556E-15 eGFR F4 Y

C1QBP to 

CST3 to 

eGFR F4

kidney trait 

in F4 88 57

0 205 

(0 156 to 

0 258) 0 0E+00 0 000E+00

0 026 (-

0 005 to 

0 058) 9 20E-02 1 380E-01 0 231 1 113E-14 -0 78 0 000E+00

395 ERP29

Urine 

albumin Proteins UACRbiom diftype 0 141 1 329E-03 3 577E-03 UACR F4 M

ERP29 to 

UACR F4 to 

Urine 

albumin

kidney trait 

in F4 83 85

0 146 

(0 075 to 

0 215) 0 0E+00 0 000E+00

0 028 (-

0 024 to 

0 079) 2 42E-01 3 479E-01 0 185 3 315E-05 0 925 0 000E+00

395 UACR F4 Y

ERP29 to 

Urine 

albumin to 

UACR F4

kidney trait 

in F4 80 78

0 149 

(0 067 to 

0 231) 0 0E+00 0 000E+00

0 036 (-

0 01 to 

0 084) 1 52E-01 2 530E-01

400 ERP29 CST3 Proteins eGFRbiom diftype 0 261 1 840E-09 1 204E-08 eGFR F4 M

ERP29 to 

eGFR F4 to 

CST3

kidney trait 

in F4 89 32

0 202 

(0 14 to 

0 269) 0 0E+00 0 000E+00

0 024 (-

0 011 to 

0 061) 1 90E-01 2 606E-01 -0 22 2 348E-11 -0 78 0 000E+00

404

Urine 

albumin SOD2 UACRbiom Proteins diftype -0 103 1 965E-02 3 675E-02 CKD F4 M

Urine 

albumin to 

CKD F4 to 

SOD2

kidney trait 

in F4 49 74

-0 08 (-

0 164 to -

0 029) 2 0E-03 5 252E-03

-0 081 (-

0 174 to 

0 012) 8 20E-02 9 816E-02 1 585 4 296E-43 -0 678 3 208E-05

406 SOD2

Urine 

albumin Proteins UACRbiom diftype -0 103 1 965E-02 3 675E-02 UACR F4 M

SOD2 to 

UACR F4 to 

Urine 

albumin

kidney trait 

in F4 83 7

-0 103 (-

0 179 to -

0 036) 2 0E-03 7 459E-03

-0 02 (-

0 058 to 

0 023) 3 06E-01 4 060E-01 -0 131 1 732E-03 0 925 0 000E+00

407 CST3

KIR2DL

4 eGFRbiom Proteins diftype 0 125 4 556E-03 1 033E-02 CKD F4 M

CST3 to 

CKD F4 to 

KIR2DL4

kidney trait 

in F4 50 74

0 095 

(0 014 to 

0 224) 2 0E-02 3 367E-02

0 092 (-

0 024 to 

0 218) 1 34E-01 1 520E-01 1 437 1 040E-29 0 481 3 354E-04

408

KIR2DL

4

Creatini

ne Proteins eGFRbiom diftype 0 129 3 486E-03 8 229E-03 eGFR F4 M

KIR2DL4 to 

eGFR F4 to 

Creatinine

kidney trait 

in F4 87 28

0 093 

(0 039 to 

0 158) 0 0E+00 0 000E+00

0 013 (-

0 021 to 

0 048) 4 42E-01 5 206E-01 -0 101 9 352E-04 -0 726 0 000E+00
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411

NOTCH

1

Urine 

albumi

n Proteins UACRbiom diftype -0.173 8.450E-05 2.734E-04 UACR F4 Y

NOTCH1 

to Urine 

albumin to 

UACR F4

kidney trait 

in F4 94 85

-0.141 (-

0.222 to -

0.067) 2.0E-03 7.459E-03

-0.008 (-

0.056 to 

0.044) 8.12E-01 8.747E-01 -0.148 5 220E-04 0.925

0.000E+0

0

413

NOTCH

1 CST3 Proteins eGFRbiom diftype -0.13 3.277E-03 7.801E-03 eGFR F4 M

NOTCH1 

to eGFR F4 

to CST3

kidney trait 

in F4 94 08

-0.091 (-

0.159 to -

0.028) 6.0E-03 1.194E-02

-0.006 (-

0.037 to 

0.026) 7.16E-01 7.680E-01 0.098 2 210E-03 -0.78

0.000E+0

0

414 CST3

NOTCH

1 eGFRbiom Proteins diftype -0.13 3.277E-03 7.801E-03 CKD F4 M

CST3 to 

CKD F4 to 

NOTCH1

kidney trait 

in F4 39 92

-0.073 (-

0.165 to -

0.014) 2.0E-02 3.367E-02

-0.11 (-

0.252 to 

0.037) 1.44E-01 1.605E-01 1.437 1 040E-29 -0.584 2.723E-04

418 RELT CST3 Proteins eGFRbiom diftype 0.462 1.615E-28 2.325E-26 CKD F4 Y

RELT to 

CST3 to 

CKD F4

kidney trait 

in F4 95.73

0.046 

(0.024 to 

0.07) 0.0E+00 0.000E+00

0.002 (-

0.04 to 

0.048) 9.56E-01 9 560E-01 0.694 3 832E-05 1.437 1.040E-29

418 CKD F4 X

CKD F4 to 

CST3 to 

RELT

kidney trait 

in F4 77 33

0.503 

(0.305 to 

0.744) 0.0E+00 0.000E+00

0.147 (-

0.172 to 

0.456) 3.88E-01 4 043E-01

419 SCARF1 CST3 Proteins eGFRbiom diftype 0.229 1.554E-07 7.590E-07 CKD F4 Y

SCARF1 to 

CST3 to 

CKD F4

kidney trait 

in F4 55

0.021 

(0.01 to 

0.034) 0.0E+00 0.000E+00

0.017 (-

0.011 to 

0.052) 2.36E-01 2 520E-01 0.555 4 358E-04 1.437 1.040E-29

419 CKD F4 X

CKD F4 to 

CST3 to 

SCARF1

kidney trait 

in F4 47 35

0.266 

(0.142 to 

0.428) 0.0E+00 0.000E+00

0.295 

(0.018 to 

0.576) 4.00E-02 5.197E-02

423

TNFRSF

19 CST3 Proteins eGFRbiom diftype 0.294 1.165E-11 1.119E-10 eGFR F4 M

TNFRSF19 

to eGFR F4 

to CST3

kidney trait 

in F4 98 83

0.122 

(0.054 to 

0.216) 0.0E+00 0.000E+00

0.001 (-

0.04 to 

0.039) 8.78E-01 8 987E-01 -0.132 2 994E-06 -0.78

0.000E+0

0

424

TNFRSF

19

Creatin

ine Proteins eGFRbiom diftype 0.238 4.825E-08 2.573E-07 eGFR F4 M

TNFRSF19 

to eGFR F4 

to 

Creatinine

kidney trait 

in F4 86 07

0.121 

(0.053 to 

0.218) 0.0E+00 0.000E+00

0.02 (-

0.016 to 

0.059) 2.94E-01 3.726E-01 -0.132 2 994E-06 -0.726

0.000E+0

0

424 eGFR F4 Y

TNFRSF19 

to 

Creatinine 

to eGFR F4

kidney trait 

in F4 78.76

-0.104 (-

0.175 to -

0.055) 0.0E+00 0.000E+00

-0.028 (-

0.075 to 

0.014) 1.70E-01 2 382E-01

425

HAVCR

2 CST3 Proteins eGFRbiom diftype 0.22 4.911E-07 2.143E-06 CKD F4 Y

HAVCR2 to 

CST3 to 

CKD F4

kidney trait 

in F4 74 32

0.028 

(0.013 to 

0.048) 0.0E+00 0.000E+00

0.01 (-

0.022 to 

0.046) 6.06E-01 6.172E-01 0.534 2.122E-03 1.437 1.040E-29

425 CKD F4 X

CKD F4 to 

CST3 to 

HAVCR2

kidney trait 

in F4 59.12

0.262 

(0.129 to 

0.444) 0.0E+00 0.000E+00

0.181 (-

0.12 to 

0.487) 2.74E-01 2 907E-01

426

HAVCR

2 CST3 Proteins eGFRbiom diftype 0.22 4.911E-07 2.143E-06 eGFR F4 Y

HAVCR2 to 

CST3 to 

eGFR F4

kidney trait 

in F4 98.41

-0.185 (-

0.262 to -

0.118) 0.0E+00 0.000E+00

-0.003 (-

0.038 to 

0.031) 8.64E-01 8 871E-01 -0.188 2 286E-08 -0.78

0.000E+0

0

430 UNC5C CST3 Proteins eGFRbiom diftype 0.24 3.842E-08 2.128E-07 eGFR F4 Y

UNC5C to 

CST3 to 

eGFR F4

kidney trait 

in F4 90 91

-0.18 (-

0.243 to -

0.117) 0.0E+00 0.000E+00

-0.018 (-

0.053 to 

0.014) 3.14E-01 3 953E-01 -0.198 5.437E-10 -0.78

0.000E+0

0

434 LEPR

Creatin

ine Proteins eGFRbiom diftype -0.127 3.919E-03 9.103E-03 eGFR F4 Y

LEPR to 

Creatinine 

to eGFR F4

kidney trait 

in F4 83.19

0.06 

(0.019 to 

0.106) 2.0E-03 4.401E-03

0.012 (-

0.047 to 

0.06) 6.20E-01 6 881E-01 0.072 2 239E-02 -0.726

0.000E+0

0
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435 CST3 LEPR eGFRbiom Proteins diftype -0.132 2.747E-03 6.820E-03 CKD F4 M

CST3 to 

CKD F4 to 

LEPR

kidney trait 

in F4 66.17

-0 089 (-

0 215 to -

0 014) 1.2E-02 2.272E-02

-0.045 (-

0.241 to 

0.135) 6.16E-01 6.261E-01 1.437 1.040E-29 -0.444 6.633E-04

436

Creatin

ine LEPR eGFRbiom Proteins diftype -0.127 3.919E-03 9.103E-03 CKD F4 M

Creatinine 

to CKD F4 

to LEPR

kidney trait 

in F4 44.42

-0 063 (-

0.146 to -

0 009) 1.2E-02 2.272E-02

-0.079 (-

0.17 to 

0.015) 1.14E-01 1.315E-01 1.153 1.412E-24 -0.444 6.633E-04

441 ACSL1

Urine 

albumi

n CpGs UACRbiom diftype 0.072 2.522E-02 4.455E-02 CKD F4 M

ACSL1 to 

CKD F4 to 

Urine 

albumin

kidney trait 

in F4 95.08

0 082 

(0 03 to 

0.156) 0.0E+00 0.000E+00

0.004 (-

0.04 to 

0.051) 8 50E-01 8.543E-01 0.567 1.676E-05 1.585 4.296E-43

441 CKD F4 M

Urine 

albumin to 

CKD F4 to 

ACSL1

kidney trait 

in F4 91.12

0 068 

(0 042 to 

0.133) 0.0E+00 0.000E+00

0.007 (-

0.064 to 

0.08) 8 50E-01 8.543E-01

442 ACSL1

Urine 

albumi

n CpGs UACRbiom diftype 0.072 2.522E-02 4.455E-02 UACR F4 M

ACSL1 to 

UACR F4 

to Urine 

albumin

kidney trait 

in F4 87.51

0 051 

(0 017 to 

0 086) 1.0E-02 2.706E-02

0.007 (-

0.021 to 

0.036) 6.12E-01 7.678E-01 0.066 3.586E-02 0.925

0.000E+0

0

444 LYL1

Urine 

albumi

n CpGs UACRbiom diftype 0.081 1.303E-02 2.536E-02 UACR F4 Y

LYL1 to 

Urine 

albumin to 

UACR F4

kidney trait 

in F4 95.95

0.117 

(0 054 to 

0.184) 0.0E+00 0.000E+00

0.005 (-

0.034 to 

0.04) 8 20E-01 8.747E-01 0.122 3.282E-04 0.925

0.000E+0

0

445

LYSMD

2

Urine 

albumi

n CpGs UACRbiom diftype -0.143 1.099E-05 4.005E-05 UACR F4 M

LYSMD2 to 

UACR F4 

to Urine 

albumin

kidney trait 

in F4 83.67

-0.125 (-

0.179 to -

0 071) 0.0E+00 0.000E+00

-0.024 (-

0.059 to 

0.013) 1 92E-01 3.011E-01 -0.163 6.788E-07 0.925

0.000E+0

0

445 UACR F4 Y

LYSMD2 to 

Urine 

albumin to 

UACR F4

kidney trait 

in F4 83.25

-0.135 (-

0.195 to -

0 076) 0.0E+00 0.000E+00

-0.027 (-

0.065 to 

0.01) 1.48E-01 2.530E-01

447 CST3 UNC5C eGFRbiom Proteins diftype 0 24 3.842E-08 2.128E-07 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

UNC5C

kidney trait 

in S4 (as X) 28.63

0 507 (0 

to 0 918) 0.0E+00 0.000E+00

1.264 (0 to 

2.613) 2 00E-02 3.024E-02 1.705 5.964E-19 1.772 6.033E-03

447 CKDcrcc S4 X

CKDcrcc S4 

to UNC5C 

to CST3

kidney trait 

in S4 (as X) 21.07

0 295 (0 

to 0.634) 0.0E+00 0.000E+00

1.106 (0 to 

1.491) 0 00E+00 0.000E+00

448 CST3 EFNA5 eGFRbiom Proteins diftype 0.287 3.780E-11 3.202E-10 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

EFNA5

kidney trait 

in S4 (as X) 38.21

0.619 (0 

to 1.111) 2.0E-03 2.583E-03

1.002 (0 to 

1.902) 0 00E+00 0.000E+00 1.705 5.964E-19 1.621 8.552E-03

448 CKDcrcc S4 X

CKDcrcc S4 

to EFNA5 

to CST3

kidney trait 

in S4 (as X) 25.74

0 361 (0 

to 0.638) 2.0E-03 2.583E-03

1.041 (0 to 

1.374) 0 00E+00 0.000E+00
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449

TNFRSF

1A CST3 Proteins eGFRbiom diftype 0.442 6.356E-26 6.102E-24 CKDcrcc S4 X

CKDcrcc S4 

to 

TNFRSF1A 

to CST3

kidney trait 

in S4 (as X) 63.62

0.891 (0 

to 1.856) 0.0E+00 0.000E+00

0.51 (-

0.557 to 

1.097) 2.30E-01 2.502E-01 2.332 3.819E-05 1.705 5.964E-19

450 CST3 C8:1 eGFRbiom Metabolites diftype 0.166 6.150E-10 4.428E-09 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

C8:1

kidney trait 

in S4 (as X) 39.68

0.388 

(0.196 to 

0.686) 0.0E+00 0.000E+00

0.59 

(0.138 to 

1.035) 6.00E-03 1.033E-02 1.705 5.964E-19 0.986 2.594E-06

451 CST3

TNFRSF

1B eGFRbiom Proteins diftype 0.415 9.521E-23 4.570E-21 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

TNFRSF1B

kidney trait 

in S4 (as X) 61.06

0.963 (0 

to 1.315) 0.0E+00 0.000E+00

0.614 (-

0.657 to 

1.688) 2.80E-01 2.942E-01 1.705 5.964E-19 1.578 7.905E-03

451 CKDcrcc S4 X

CKDcrcc S4 

to 

TNFRSF1B 

to CST3

kidney trait 

in S4 (as X) 41.99

0.588 (0 

to 1.031) 0.0E+00 0.000E+00

0.813 (0 to 

1.304) 4.00E-03 7.515E-03

452 CST3 C1QBP eGFRbiom Proteins diftype -0.35 3.087E-16 5.556E-15 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

C1QBP

kidney trait 

in S4 (as X) 32.49

-0.554 (-

0.897 to 

0) 0.0E+00 0.000E+00

-1.151 (-

1.65 to 0) 0.00E+00 0.000E+00 1.705 5.964E-19 -1.706 2.021E-03

452 CKDcrcc S4 X

CKDcrcc S4 

to C1QBP 

to CST3

kidney trait 

in S4 (as X) 30.41

0.426 (0 

to 0.715) 0.0E+00 0.000E+00

0.975 (0 to 

1.286) 0.00E+00 0.000E+00

454 CST3 B2M eGFRbiom Proteins diftype 0.615 1.036E-54 2.985E-52 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

B2M

kidney trait 

in S4 (as X) 74.14

1.254 (0 

to 1.67) 0.0E+00 0.000E+00

0.437 (-

0.47 to 

1.544) 3.48E-01 3.537E-01 1.705 5.964E-19 1.691 2.622E-03

454 CKDcrcc S4 X

CKDcrcc S4 

to B2M to 

CST3

kidney trait 

in S4 (as X) 65.81

0.922 (0 

to 1.537) 0.0E+00 0.000E+00

0.479 (-

0.186 to 

0.966) 1.22E-01 1.513E-01

455 CST3 FSTL3 eGFRbiom Proteins diftype 0.33 1.775E-14 2.223E-13 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

FSTL3

kidney trait 

in S4 (as X) 50.71

0.893 (0 

to 1.379) 0.0E+00 0.000E+00

0.868 (-

0.383 to 

2.154) 2.12E-01 2.347E-01 1.705 5.964E-19 1.761 4.630E-03

455 CKDcrcc S4 X

CKDcrcc S4 

to FSTL3 to 

CST3

kidney trait 

in S4 (as X) 39.75

0.557 (0 

to 1.031) 0.0E+00 0.000E+00

0.844 (0 to 

1.292) 1.20E-02 1.860E-02

456 NBL1 CST3 Proteins eGFRbiom diftype 0.373 2.378E-18 5.708E-17 CKDcrcc S4 X

CKDcrcc S4 

to NBL1 to 

CST3

kidney trait 

in S4 (as X) 49.05

0.687 (0 

to 1.158) 0.0E+00 0.000E+00

0.714 (0 to 

1.162) 3.00E-02 4.133E-02 2.544 1.010E-04 1.705 5.964E-19

456 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

NBL1

kidney trait 

in S4 (as X) 32.51

0.827 (0 

to 1.278) 0.0E+00 0.000E+00

1.717 (0 to 

2.788) 0.00E+00 0.000E+00

458 CST3 C5 eGFRbiom Metabolites diftype 0.182 1.247E-11 1.122E-10 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

C5

kidney trait 

in S4 (as X) 39.87

0.243 

(0.08 to 

0.452) 0.0E+00 0.000E+00

0.367 (-

0.027 to 

0.735) 7.40E-02 9.558E-02 1.705 5.964E-19 0.611 1.948E-03

459 CST3 C14:2 eGFRbiom Metabolites diftype 0.244 5.241E-20 1.677E-18 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

C14:2

kidney trait 

in S4 (as X) 63.78

0.353 

(0.188 to 

0.6) 0.0E+00 0.000E+00

0.2 (-0.236 

to 0.679) 3.98E-01 3.980E-01 1.705 5.964E-19 0.549 6.537E-03

460 CST3 SOD2 eGFRbiom Proteins diftype -0.198 6.329E-06 2.463E-05 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

SOD2

kidney trait 

in S4 (as X) 26.47

-0.509 (-

0.906 to 

0) 0.0E+00 0.000E+00

-1.415 (-

2.88 to 

0.844) 2.00E-01 2.255E-01 1.705 5.964E-19 -1.924 7.211E-04
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461 CST3 CTSH eGFRbiom Proteins diftype 0.415 8.967E-23 4.570E-21 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

CTSH

kidney trait 

in S4 (as X) 59.8

1 011 (0 

to 1.414) 0.0E+00 0.000E+00

0.68 (-

0.287 to 

2.127) 2.64E-01 2.822E-01 1.705 5.964E-19 1.691 6.212E-03

461 CKDcrcc S4 X

CKDcrcc S4 

to CTSH to 

CST3

kidney trait 

in S4 (as X) 43.7

0.612 (0 

to 1.156) 0.0E+00 0.000E+00

0.789 (0 to 

1.213) 3 00E-02 4.133E-02

462 CST3 C10:2 eGFRbiom Metabolites diftype 0.241 1.527E-19 4.398E-18 CKDcrcc S4 X

CKDcrcc S4 

to CST3 to 

C10:2

kidney trait 

in S4 (as X) 71.92

0 567 

(0 321 to 

0 943) 0.0E+00 0.000E+00

0.221 (-

0.222 to 

0.678) 2 90E-01 2.997E-01 1.705 5.964E-19 0.792 1.423E-04

463 CST3 EFNA5 eGFRbiom Proteins diftype 0.287 3.780E-11 3.202E-10 eGFR S4 X

eGFR S4 to 

CST3 to 

EFNA5

kidney trait 

in S4 (as X) 44.28

-0.183 (-

0 379 to -

0 038) 1.0E-02 1.818E-02

-0.231 (-

0.465 to 

0.015) 7 80E-02 1.030E-01 -0.681 1.738E-47 -0.414 3.797E-05

464 CST3 LAYN eGFRbiom Proteins diftype 0.295 8.726E-12 8.666E-11 eGFR S4 X

eGFR S4 to 

CST3 to 

LAYN

kidney trait 

in S4 (as X) 70.06

-0 227 (-

0.452 to -

0 045) 1.0E-02 1.818E-02

-0.097 (-

0.374 to 

0.211) 5.16E-01 5.622E-01 -0.681 1.738E-47 -0.324 2.058E-03

465 CST3

TNFRSF

1B eGFRbiom Proteins diftype 0.415 9.521E-23 4.570E-21 eGFR S4 X

eGFR S4 to 

CST3 to 

TNFRSF1B

kidney trait 

in S4 (as X) 84.15

-0 347 (-

0 527 to -

0 215) 0.0E+00 0.000E+00

-0.065 (-

0.268 to 

0.141) 5 20E-01 5.622E-01 -0.681 1.738E-47 -0.413 1.963E-05

466 CST3 C5 eGFRbiom Metabolites diftype 0.182 1.247E-11 1.122E-10 eGFR S4 X

eGFR S4 to 

CST3 to C5

kidney trait 

in S4 (as X) 79.4

-0.11 (-

0.177 to -

0 037) 0.0E+00 0.000E+00

-0.029 (-

0.137 to 

0.078) 5 96E-01 6.274E-01 -0.681 1.738E-47 -0.134 9.562E-03

467 CST3 C8 eGFRbiom Metabolites diftype 0.213 1.922E-15 3.076E-14 eGFR S4 X

eGFR S4 to 

CST3 to C8

kidney trait 

in S4 (as X) 42.93

-0 09 (-

0.155 to -

0 024) 8.0E-03 1.647E-02

-0.119 (-

0.253 to 

0.002) 5 80E-02 7.883E-02 -0.681 1.738E-47 -0.207 4.305E-05

468 CST3

SPOCK

2 eGFRbiom Proteins diftype -0.335 6.329E-15 9.114E-14 eGFR S4 X

eGFR S4 to 

CST3 to 

SPOCK2

kidney trait 

in S4 (as X) 59.74

0 27 

(0.131 to 

0.429) 0.0E+00 0.000E+00

0.182 (-

0.033 to 

0.379) 1.16E-01 1.437E-01 -0.681 1.738E-47 0.451 1.078E-05

469 CST3 NBL1 eGFRbiom Proteins diftype 0.373 2.378E-18 5.708E-17 eGFR S4 X

eGFR S4 to 

CST3 to 

NBL1

kidney trait 

in S4 (as X) 89.47

-0 328 (-

0 516 to -

0.178) 0.0E+00 0.000E+00

-0.039 (-

0.35 to 

0.287) 8 32E-01 8.502E-01 -0.681 1.738E-47 -0.366 7.546E-04

470 CST3 TFF3 eGFRbiom Proteins diftype 0.376 1.102E-18 2.886E-17 eGFR S4 X

eGFR S4 to 

CST3 to 

TFF3

kidney trait 

in S4 (as X) 52.54

-0.187 (-

0 349 to -

0 066) 0.0E+00 0.000E+00

-0.169 (-

0.345 to 

0.021) 8.60E-02 1.095E-01 -0.681 1.738E-47 -0.356 1.477E-04

472 CST3 C8:1 eGFRbiom Metabolites diftype 0.166 6.150E-10 4.428E-09 eGFR S4 X

eGFR S4 to 

CST3 to 

C8:1

kidney trait 

in S4 (as X) 42.16

-0.13 (-

0 22 to -

0 049) 2.0E-03 5.385E-03

-0.178 (-

0.32 to -

0.05) 1 00E-02 1.538E-02 -0.681 1.738E-47 -0.312 1.227E-08

473 CST3 B2M eGFRbiom Proteins diftype 0.615 1.036E-54 2.985E-52 eGFR S4 X

eGFR S4 to 

CST3 to 

B2M

kidney trait 

in S4 (as X) 78.82

-0.435 (-

0.625 to -

0 297) 0.0E+00 0.000E+00

-0.117 (-

0.28 to 

0.064) 2 32E-01 2.753E-01 -0.681 1.738E-47 -0.553 5.763E-10

474 CST3

TNFRSF

19 eGFRbiom Proteins diftype 0.294 1.165E-11 1.119E-10 eGFR S4 X

eGFR S4 to 

CST3 to 

TNFRSF19

kidney trait 

in S4 (as X) 93.64

-0 218 (-

0 389 to -

0 084) 2.0E-03 5.385E-03

-0.015 (-

0.263 to 

0.232) 8.14E-01 8.379E-01 -0.681 1.738E-47 -0.233 1.840E-02

475 CST3

C6(C4:

1‐DC) eGFRbiom Metabolites diftype 0.224 4.939E-17 9.483E-16 eGFR S4 X

eGFR S4 to 

CST3 to 

C6(C4:1‐D

C)

kidney trait 

in S4 (as X) 65.48

-0.143 (-

0 241 to -

0 074) 0.0E+00 0.000E+00

-0.075 (-

0.201 to 

0.045) 2 36E-01 2.776E-01 -0.681 1.738E-47 -0.219 1.804E-05
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476 CST3

HAVCR

2 eGFRbiom Proteins diftype 0 22 4.911E-07 2.143E-06 eGFR S4 X

eGFR S4 to 

CST3 to 

HAVCR2

kidney trait 

in S4 (as X) 70.52

-0 203 (-

0 386 to -

0 062) 4.0E-03 9.492E-03

-0.085 (-

0.324 to 

0.144) 4.48E-01 4.978E-01 -0.681 1.738E-47 -0.288 4.237E-03

477 CST3 CTSH eGFRbiom Proteins diftype 0.415 8.967E-23 4.570E-21 eGFR S4 X

eGFR S4 to 

CST3 to 

CTSH

kidney trait 

in S4 (as X) 97.97

-0 382 (-

0 572 to -

0 233) 0.0E+00 0.000E+00

-0.008 (-

0.21 to 

0.224) 9 52E-01 9.658E-01 -0.681 1.738E-47 -0.39 1.142E-04

478 CST3 JAM2 eGFRbiom Proteins diftype 0.341 2.148E-15 3.257E-14 eGFR S4 X

eGFR S4 to 

CST3 to 

JAM2

kidney trait 

in S4 (as X) 48.1

-0 202 (-

0.414 to -

0 036) 1.2E-02 2.074E-02

-0.217 (-

0.447 to 

0.044) 8 00E-02 1.047E-01 -0.681 1.738E-47 -0.419 6.408E-05

479 CST3 C12 eGFRbiom Metabolites diftype 0.248 1.196E-20 4.304E-19 eGFR S4 X

eGFR S4 to 

CST3 to 

C12

kidney trait 

in S4 (as X) 41.7

-0 086 (-

0.148 to -

0 025) 1.0E-02 1.818E-02

-0.12 (-

0.241 to -

0.011) 3.40E-02 4.907E-02 -0.681 1.738E-47 -0.203 7.154E-05

481 CST3 RELT eGFRbiom Proteins diftype 0.462 1.615E-28 2.325E-26 eGFR S4 X

eGFR S4 to 

CST3 to 

RELT

kidney trait 

in S4 (as X) 73.6

-0 326 (-

0.498 to -

0 2) 0.0E+00 0.000E+00

-0.117 (-

0.321 to 

0.109) 2 90E-01 3.301E-01 -0.681 1.738E-47 -0.443 3.019E-06

482 CST3 C1QBP eGFRbiom Proteins diftype -0 35 3.087E-16 5.556E-15 eGFR S4 X

eGFR S4 to 

CST3 to 

C1QBP

kidney trait 

in S4 (as X) 82.63

0 214 

(0.105 to 

0 351) 0.0E+00 0.000E+00

0.045 (-

0.142 to 

0.221) 6 82E-01 7.073E-01 -0.681 1.738E-47 0.259 4.606E-03

483 CST3 ESAM eGFRbiom Proteins diftype 0.276 1.940E-10 1.510E-09 eGFR S4 X

eGFR S4 to 

CST3 to 

ESAM

kidney trait 

in S4 (as X) 63.02

-0.133 (-

0 27 to -

0 019) 1.4E-02 2.306E-02

-0.078 (-

0.272 to 

0.151) 4 84E-01 5.335E-01 -0.681 1.738E-47 -0.211 2.078E-02

484 CST3 C14:2 eGFRbiom Metabolites diftype 0.244 5.241E-20 1.677E-18 eGFR S4 X

eGFR S4 to 

CST3 to 

C14:2

kidney trait 

in S4 (as X) 36.81

-0 097 (-

0.161 to -

0 033) 4.0E-03 9.492E-03

-0.166 (-

0.285 to -

0.058) 0 00E+00 0.000E+00 -0.681 1.738E-47 -0.259 8.109E-07

486 CST3

TNFRSF

1A eGFRbiom Proteins diftype 0.442 6.356E-26 6.102E-24 eGFR S4 X

eGFR S4 to 

CST3 to 

TNFRSF1A

kidney trait 

in S4 (as X) 84.51

-0 333 (-

0.485 to -

0 221) 0.0E+00 0.000E+00

-0.061 (-

0.256 to 

0.136) 5 80E-01 6.152E-01 -0.681 1.738E-47 -0.394 2.573E-05

487 CST3 SOD2 eGFRbiom Proteins diftype -0.198 6.329E-06 2.463E-05 eGFR S4 X

eGFR S4 to 

CST3 to 

SOD2

kidney trait 

in S4 (as X) 93.54

0 212 

(0 098 to 

0 381) 0.0E+00 0.000E+00

0.015 (-

0.232 to 

0.24) 9.78E-01 9.850E-01 -0.681 1.738E-47 0.226 1.695E-02

488 CST3 SCARF1 eGFRbiom Proteins diftype 0.229 1.554E-07 7.590E-07 eGFR S4 X

eGFR S4 to 

CST3 to 

SCARF1

kidney trait 

in S4 (as X) 70.69

-0.166 (-

0 29 to -

0 058) 4.0E-03 9.492E-03

-0.069 (-

0.245 to 

0.15) 5 22E-01 5.622E-01 -0.681 1.738E-47 -0.235 1.797E-02

489 CST3 ERP29 eGFRbiom Proteins diftype 0.261 1.840E-09 1.204E-08 eGFR S4 X

eGFR S4 to 

CST3 to 

ERP29

kidney trait 

in S4 (as X) 66.63

-0 238 (-

0 388 to -

0.118) 0.0E+00 0.000E+00

-0.119 (-

0.327 to 

0.097) 2.78E-01 3.217E-01 -0.681 1.738E-47 -0.356 5.110E-04

490 CST3 C10 eGFRbiom Metabolites diftype 0.218 3.764E-16 6.377E-15 eGFR S4 X

eGFR S4 to 

CST3 to 

C10

kidney trait 

in S4 (as X) 46.97

-0.1 (-

0.16 to -

0 032) 6.0E-03 1.292E-02

-0.113 (-

0.242 to -

0.002) 5 00E-02 7.000E-02 -0.681 1.738E-47 -0.211 2.443E-05

492 CST3 FSTL3 eGFRbiom Proteins diftype 0 33 1.775E-14 2.223E-13 eGFR S4 X

eGFR S4 to 

CST3 to 

FSTL3

kidney trait 

in S4 (as X) 58.06

-0 287 (-

0.485 to -

0.142) 0.0E+00 0.000E+00

-0.207 (-

0.44 to 

0.039) 1 02E-01 1.275E-01 -0.681 1.738E-47 -0.495 8.577E-07

493 CST3

C14:1-

OH eGFRbiom Metabolites diftype 0.229 9.246E-18 1.902E-16 eGFR S4 X

eGFR S4 to 

CST3 to 

C14:1‐OH

kidney trait 

in S4 (as X) 65.48

-0.119 (-

0.187 to -

0 061) 2.0E-03 5.385E-03

-0.062 (-

0.19 to 

0.059) 2 88E-01 3.301E-01 -0.681 1.738E-47 -0.18 1.000E-03
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494 CST3 C10:2 eGFRbiom Metabolites diftype 0.241 1.527E-19 4.398E-18 eGFR S4 X

eGFR S4 to CST3 

to C10:2

kidney trait 

in S4 (as X) 73.02

-0.214 (-

0.298 to -

0.134) 0.0E+00 0.000E+00

-0.079 (-

0.224 to 

0.052) 2.70E-01 3.150E-01 -0.681 1.738E-47 -0.295 5.422E-08

495 CST3 EPHA2 eGFRbiom Proteins diftype 0.256 3.863E-09 2.318E-08 eGFR S4 X

eGFR S4 to CST3 

to EPHA2

kidney trait 

in S4 (as X) 61.94

-0.187 (-

0.332 to -

0.059) 0.0E+00 0.000E+00

-0.115 (-

0.331 to 

0.111) 3.10E-01 3.500E-01 -0.681 1.738E-47 -0.301 1.064E-03

497 CST3 C2 eGFRbiom Metabolites diftype 0.205 2.225E-14 2.670E-13 eGFR S4 X

eGFR S4 to CST3 

to C2

kidney trait 

in S4 (as X) 61.41

-0.138 (-

0.211 to -

0.076) 0.0E+00 0.000E+00

-0.086 (-

0.207 to 

0.033) 1.60E-01 1.931E-01 -0.681 1.738E-47 -0.223 3.846E-05

498 EGFR CST3 Proteins eGFRbiom diftype -0.371 3.615E-18 8.009E-17 eGFR S4 X

eGFR S4 to EGFR 

to CST3

kidney trait 

in S4 (as X) 16.11

-0.083 (-

0.157 to -

0.027) 0.0E+00 0.000E+00

-0.43 (-0.533 

to -0.321) 0.00E+00 0.000E+00 0.273 2.556E-03 -0.681 1.738E-47

500

TNFRSF

1A

Creatin

ine Proteins eGFRbiom diftype 0.283 6.165E-11 5.073E-10 CKDcrcc S4 X

CKDcrcc S4 to 

TNFRSF1A to 

Creatinine

kidney trait 

in S4 (as X) 59.45

0.645 (0 

to 1.397) 0.0E+00 0.000E+00

0.44 (-0.2 to 

1.087) 1.40E-01 1.702E-01 2.332 3.819E-05 1.496 1.390E-17

501

Creatin

ine C14:2 eGFRbiom Metabolites diftype 0.164 1.092E-09 7.667E-09 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

C14:2

kidney trait 

in S4 (as X) 29.81

0.164 

(0.016 to 

0.367) 3.4E-02 3.904E-02

0.385 (-0.083 

to 0.897) 1.16E-01 1.468E-01 1.496 1.390E-17 0.549 6.537E-03

502

Creatin

ine C8:1 eGFRbiom Metabolites diftype 0.141 1.648E-07 7.910E-07 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

C8:1

kidney trait 

in S4 (as X) 31.25

0.308 

(0.131 to 

0.586) 2.0E-03 2.583E-03

0.678 (0.21 

to 1.089) 0.00E+00 0.000E+00 1.496 1.390E-17 0.986 2.594E-06

503

Creatin

ine

TNFRSF

1B eGFRbiom Proteins diftype 0.181 3.809E-05 1.306E-04 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

TNFRSF1B

kidney trait 

in S4 (as X) 33.73

0.532 (0 

to 0.935) 0.0E+00 0.000E+00

1.046 (0 to 

2.049) 2.60E-02 3.749E-02 1.496 1.390E-17 1.578 7.905E-03

503 CKDcrcc S4 X

CKDcrcc S4 to 

TNFRSF1B to 

Creatinine

kidney trait 

in S4 (as X) 30.84

0.335 (0 

to 0.646) 0.0E+00 0.000E+00

0.75 (0 to 

1.209) 0.00E+00 0.000E+00

504

Creatin

ine C5 eGFRbiom Metabolites diftype 0.182 1.204E-11 1.119E-10 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to C5

kidney trait 

in S4 (as X) 52.11

0.318 

(0.153 to 

0.551) 0.0E+00 0.000E+00

0.292 (-0.114 

to 0.69) 1.68E-01 1.929E-01 1.496 1.390E-17 0.611 1.948E-03

505

Creatin

ine C10:2 eGFRbiom Metabolites diftype 0.206 1.449E-14 1.897E-13 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

C10:2

kidney trait 

in S4 (as X) 46.07

0.365 

(0.157 to 

0.662) 0.0E+00 0.000E+00

0.427 (0.014 

to 0.85) 4.00E-02 5.391E-02 1.496 1.390E-17 0.792 1.423E-04

506 B2M

Creatin

ine Proteins eGFRbiom diftype 0.317 1.905E-13 2.110E-12 CKDcrcc S4 X

CKDcrcc S4 to 

B2M to 

Creatinine

kidney trait 

in S4 (as X) 40.22

0.436 (0 

to 0.812) 0.0E+00 0.000E+00

0.649 (0 to 

1.345) 8.00E-03 1.305E-02 1.691 2.622E-03 1.496 1.390E-17

506 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

B2M

kidney trait 

in S4 (as X) 34.09

0.577 (0 

to 0.959) 0.0E+00 0.000E+00

1.115 (-0.01 

to 2.081) 5.40E-02 7.123E-02
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508

Creatin

ine UNC5C eGFRbiom Proteins diftype 0.178 5.138E-05 1.721E-04 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

UNC5C

kidney trait 

in S4 (as X) 25.57

0.453 (0 

to 0.854) 0.0E+00 0.000E+00

1.319 (0 to 

2.523) 0.00E+00 0.000E+00 1.496 1.390E-17 1.772 6.033E-03

508 CKDcrcc S4 X

CKDcrcc S4 to 

UNC5C to 

Creatinine

kidney trait 

in S4 (as X) 25.02

0.271 (0 

to 0.607) 0.0E+00 0.000E+00

0.814 (0 to 

1.394) 2.00E-03 4.133E-03

509 C1QBP

Creatin

ine Proteins eGFRbiom diftype -0.229 1.555E-07 7.590E-07 CKDcrcc S4 X

CKDcrcc S4 to 

C1QBP to 

Creatinine

kidney trait 

in S4 (as X) 25.86

0.281 (0 

to 0.502) 6.0E-03 7.154E-03

0.805 (0 to 

1.329) 0.00E+00 0.000E+00 -1.706 2.021E-03 1.496 1.390E-17

509 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

C1QBP

kidney trait 

in S4 (as X) 20.79

-0.355 (-

0.766 to 

0) 6.0E-03 7.154E-03

-1.351 (-

1.813 to 0) 0.00E+00 0.000E+00

510

Creatin

ine CTSH eGFRbiom Proteins diftype 0.248 1.232E-08 7.096E-08 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

CTSH

kidney trait 

in S4 (as X) 29.44

0.498 (0 

to 0.836) 2.0E-03 2.583E-03

1.193 (0 to 

2.553) 6.00E-03 1.033E-02 1.496 1.390E-17 1.691 6.212E-03

510 CKDcrcc S4 X

CKDcrcc S4 to 

CTSH to 

Creatinine

kidney trait 

in S4 (as X) 28.61

0.31 (0 to 

0.634) 2.0E-03 2.583E-03

0.775 (0 to 

1.372) 0.00E+00 0.000E+00

511

Creatin

ine EFNA5 eGFRbiom Proteins diftype 0.215 9.017E-07 3.819E-06 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

EFNA5

kidney trait 

in S4 (as X) 25.58

0.415 (0 

to 0.775) 2.0E-03 2.583E-03

1.206 (0 to 

1.987) 0.00E+00 0.000E+00 1.496 1.390E-17 1.621 8.552E-03

511 CKDcrcc S4 X

CKDcrcc S4 to 

EFNA5 to 

Creatinine

kidney trait 

in S4 (as X) 22.91

0.249 (0 

to 0.472) 2.0E-03 2.583E-03

0.836 (0 to 

1.365) 0.00E+00 0.000E+00

512 NBL1

Creatin

ine Proteins eGFRbiom diftype 0.23 1.345E-07 6.796E-07 CKDcrcc S4 X

CKDcrcc S4 to 

NBL1 to 

Creatinine

kidney trait 

in S4 (as X) 31.01

0.336 (0 

to 0.698) 4.0E-03 4.960E-03

0.749 (0 to 

1.343) 4.00E-03 7.515E-03 2.544 1.010E-04 1.496 1.390E-17

512 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

NBL1

kidney trait 

in S4 (as X) 15.46

0.393 (0 

to 0.733) 4.0E-03 4.960E-03

2.151 (0 to 

3.114) 0.00E+00 0.000E+00

513 IGFBP6

Creatin

ine Proteins eGFRbiom diftype 0.403 1.655E-21 6.807E-20 CKDcrcc S4 X

CKDcrcc S4 to 

IGFBP6 to 

Creatinine

kidney trait 

in S4 (as X) 31.63

0.343 (0 

to 0.604) 0.0E+00 0.000E+00

0.742 (0 to 

1.369) 2.00E-03 4.133E-03 1.466 4.846E-03 1.496 1.390E-17

513 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

IGFBP6

kidney trait 

in S4 (as X) 30.67

0.45 (0 to 

0.793) 0.0E+00 0.000E+00

1.016 (0 to 

1.673) 1.00E-02 1.590E-02
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514 FSTL3

Creatin

ine Proteins eGFRbiom diftype 0.21 1.598E-06 6.668E-06 CKDcrcc S4 X

CKDcrcc S4 to 

FSTL3 to 

Creatinine

kidney trait 

in S4 (as X) 36.88

0.4 (0 to 

0.78) 0.0E+00 0.000E+00

0.685 (0 to 

1.165) 0.00E+00 0.000E+00 1.761 4.630E-03 1.496 1.390E-17

514 CKDcrcc S4 X

CKDcrcc S4 to 

Creatinine to 

FSTL3

kidney trait 

in S4 (as X) 35.39

0.623 (0 

to 1.06) 0.0E+00 0.000E+00

1.138 (0 to 

2.313) 6.00E-03 1.033E-02

515

Creatin

ine

TNFRSF

19 eGFRbiom Proteins diftype 0.238 4.825E-08 2.573E-07 eGFR S4 X

eGFR S4 to 

Creatinine to 

TNFRSF19

kidney trait 

in S4 (as X) 76.8

-0.179 (-

0.31 to -

0.071) 2.0E-03 5.385E-03

-0.054 (-

0.274 to 

0.158) 5.32E-01 5.685E-01 -0.548 7.972E-36 -0.233 1.840E-02

517 B2M

Creatin

ine Proteins eGFRbiom diftype 0.317 1.905E-13 2.110E-12 eGFR S4 X

eGFR S4 to B2M 

to Creatinine

kidney trait 

in S4 (as X) 26.58

-0.099 (-

0.178 to -

0.027) 1.0E-02 1.818E-02

-0.274 (-

0.398 to -

0.163) 0.00E+00 0.000E+00 -0.553 5.763E-10 -0.548 7.972E-36

517 eGFR S4 X

eGFR S4 to 

Creatinine to 

B2M

kidney trait 

in S4 (as X) 24.74

-0.137 (-

0.26 to -

0.037) 1.0E-02 1.818E-02

-0.416 (-0.63 

to -0.215) 0.00E+00 0.000E+00

519

Creatin

ine C8:1 eGFRbiom Metabolites diftype 0.141 1.648E-07 7.910E-07 eGFR S4 X

eGFR S4 to 

Creatinine to 

C8:1

kidney trait 

in S4 (as X) 28.17

-0.088 (-

0.167 to -

0.012) 2.6E-02 3.957E-02

-0.224 (-

0.365 to -

0.094) 0.00E+00 0.000E+00 -0.548 7.972E-36 -0.312 1.227E-08

521

Creatin

ine CTSH eGFRbiom Proteins diftype 0.248 1.232E-08 7.096E-08 eGFR S4 X

eGFR S4 to 

Creatinine to 

CTSH

kidney trait 

in S4 (as X) 36.5

-0.142 (-

0.258 to -

0.038) 6.0E-03 1.292E-02

-0.248 (-

0.461 to -

0.037) 2.60E-02 3.832E-02 -0.548 7.972E-36 -0.39 1.142E-04

522

Creatin

ine EFNA5 eGFRbiom Proteins diftype 0.215 9.017E-07 3.819E-06 eGFR S4 X

eGFR S4 to 

Creatinine to 

EFNA5

kidney trait 

in S4 (as X) 24.64

-0.102 (-

0.203 to -

0.009) 2.2E-02 3.422E-02

-0.312 (-

0.522 to -

0.099) 2.00E-03 3.415E-03 -0.548 7.972E-36 -0.414 3.797E-05

522 eGFR S4 X

eGFR S4 to EFNA5 

to Creatinine

kidney trait 

in S4 (as X) 10.98

-0.041 (-

0.089 to -

0.004) 2.2E-02 3.422E-02

-0.332 (-

0.455 to -

0.23) 0.00E+00 0.000E+00

523

Creatin

ine

TNFRSF

1B eGFRbiom Proteins diftype 0.181 3.809E-05 1.306E-04 eGFR S4 X

eGFR S4 to 

Creatinine to 

TNFRSF1B

kidney trait 

in S4 (as X) 36.1

-0.149 (-

0.286 to -

0.034) 1.2E-02 2.074E-02

-0.264 (-0.48 

to -0.047) 1.80E-02 2.710E-02 -0.548 7.972E-36 -0.413 1.963E-05

523 eGFR S4 X

eGFR S4 to 

TNFRSF1B to 

Creatinine

kidney trait 

in S4 (as X) 17.34

-0.065 (-

0.123 to -

0.016) 1.2E-02 2.074E-02

-0.308 (-

0.431 to -

0.207) 0.00E+00 0.000E+00

524

Creatin

ine RELT eGFRbiom Proteins diftype 0.327 3.216E-14 3.705E-13 eGFR S4 X

eGFR S4 to 

Creatinine to 

RELT

kidney trait 

in S4 (as X) 33.98

-0.151 (-

0.268 to -

0.049) 2.0E-03 5.385E-03

-0.293 (-

0.502 to -

0.085) 6.00E-03 9.438E-03 -0.548 7.972E-36 -0.443 3.019E-06

524 eGFR S4 X

eGFR S4 to RELT 

to Creatinine

kidney trait 

in S4 (as X) 19.74

-0.074 (-

0.139 to -

0.024) 2.0E-03 5.385E-03

-0.299 (-

0.408 to -

0.196) 0.00E+00 0.000E+00

526

Creatin

ine C5 eGFRbiom Metabolites diftype 0.182 1.204E-11 1.119E-10 eGFR S4 X

eGFR S4 to 

Creatinine to C5

kidney trait 

in S4 (as X) 99.34

-0.133 (-

0.198 to -

0.074) 0.0E+00 0.000E+00

-0.001 (-

0.105 to 

0.102) 9.90E-01 9.900E-01 -0.548 7.972E-36 -0.134 9.562E-03

528

Creatin

ine C1QBP eGFRbiom Proteins diftype -0.229 1.555E-07 7.590E-07 eGFR S4 X

eGFR S4 to 

Creatinine to 

C1QBP

kidney trait 

in S4 (as X) 44.27

0.115 

(0.02 to 

0.22) 1.4E-02 2.306E-02

0.145 (-0.026 

to 0.314) 1.18E-01 1.449E-01 -0.548 7.972E-36 0.259 4.606E-03
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529

Creatin

ine ERP29 eGFRbiom Proteins diftype 0.194 9.748E-06 3.694E-05 eGFR S4 X

eGFR S4 to 

Creatinine to 

ERP29

kidney trait 

in S4 (as X) 43.71

-0.156 (-

0.271 to -

0.059) 0.0E+00 0.000E+00

-0.201 (-

0.399 to 

0.002) 5.20E-02 7.137E-02 -0.548 7.972E-36 -0.356 5.110E-04

530

Creatin

ine TFF3 eGFRbiom Proteins diftype 0.273 2.976E-10 2.255E-09 eGFR S4 X

eGFR S4 to 

Creatinine to 

TFF3

kidney trait 

in S4 (as X) 39.15

-0.139 (-

0.275 to -

0.03) 1.4E-02 2.306E-02

-0.216 (-

0.386 to -

0.042) 4.00E-03 6.588E-03 -0.548 7.972E-36 -0.356 1.477E-04

534

Creatin

ine IGFBP6 eGFRbiom Proteins diftype 0.403 1.655E-21 6.807E-20 eGFR S4 X

eGFR S4 to 

Creatinine to 

IGFBP6

kidney trait 

in S4 (as X) 25.63

-0.11 (-

0.19 to -

0.042) 2.0E-03 5.385E-03

-0.319 (-

0.499 to -

0.142) 0.00E+00 0.000E+00 -0.548 7.972E-36 -0.428 3.180E-07

534 eGFR S4 X

eGFR S4 to 

IGFBP6 to 

Creatinine

kidney trait 

in S4 (as X) 18.07

-0.067 (-

0.122 to -

0.024) 2.0E-03 5.385E-03

-0.305 (-0.43 

to -0.19) 0.00E+00 0.000E+00

536

Creatin

ine JAM2 eGFRbiom Proteins diftype 0.331 1.313E-14 1.801E-13 eGFR S4 X

eGFR S4 to 

Creatinine to 

JAM2

kidney trait 

in S4 (as X) 47.05

-0.197 (-

0.362 to -

0.056) 2.0E-03 5.385E-03

-0.222 (-

0.405 to -

0.031) 2.00E-02 2.979E-02 -0.548 7.972E-36 -0.419 6.408E-05

541

Creatin

ine FSTL3 eGFRbiom Proteins diftype 0.21 1.598E-06 6.668E-06 eGFR S4 X

eGFR S4 to 

Creatinine to 

FSTL3

kidney trait 

in S4 (as X) 34.42

-0.17 (-

0.297 to -

0.066) 0.0E+00 0.000E+00

-0.324 (-

0.548 to -

0.113) 4.00E-03 6.588E-03 -0.548 7.972E-36 -0.495 8.577E-07

541 eGFR S4 X

eGFR S4 to FSTL3 

to Creatinine

kidney trait 

in S4 (as X) 22.37

-0.083 (-

0.141 to -

0.033) 0.0E+00 0.000E+00

-0.289 (-

0.401 to -

0.195) 0.00E+00 0.000E+00

542

Creatin

ine C10:2 eGFRbiom Metabolites diftype 0.206 1.449E-14 1.897E-13 eGFR S4 X

eGFR S4 to 

Creatinine to 

C10:2

kidney trait 

in S4 (as X) 35.98

-0.106 (-

0.189 to -

0.024) 4.0E-03 9.492E-03

-0.189 (-

0.337 to -

0.056) 1.20E-02 1.826E-02 -0.548 7.972E-36 -0.295 5.422E-08

545

Creatin

ine

TNFRSF

1A eGFRbiom Proteins diftype 0.283 6.165E-11 5.073E-10 eGFR S4 X

eGFR S4 to 

Creatinine to 

TNFRSF1A

kidney trait 

in S4 (as X) 50.77

-0.2 (-

0.322 to -

0.091) 0.0E+00 0.000E+00

-0.194 (-

0.399 to 0) 5.20E-02 7.137E-02 -0.548 7.972E-36 -0.394 2.573E-05

588 EGFR CST3 Proteins eGFRbiom diftype -0.371 3.615E-18 8.009E-17 CKD FF4 Y

EGFR to CST3 to 

incident CKD

kidney trait 

in FF4 (as Y) 58.56

-0.031 (-

0.048 to -

0.015) 0.0E+00 0.000E+00

-0.022 (-0.05 

to 0.017) 2.44E-01 2.519E-01 -0.509 2.488E-03 1.473 5.486E-11

589 C14:1 CST3 Metabolites eGFRbiom diftype 0.191 9.890E-13 1.055E-11 CKD FF4 Y

C14:1 to CST3 to 

incident CKD

kidney trait 

in FF4 (as Y) 39.62

0.015 

(0.008 to 

0.025) 0.0E+00 0.000E+00

0.023 (-0.004 

to 0.057) 1.06E-01 1.170E-01 0.299 9.877E-03 1.473 5.486E-11

591 C12 CST3 Metabolites eGFRbiom diftype 0.248 1.196E-20 4.304E-19 CKD FF4 Y

C12 to CST3 to 

incident CKD

kidney trait 

in FF4 (as Y) 51.87

0.023 

(0.013 to 

0.034) 0.0E+00 0.000E+00

0.021 (-0.009 

to 0.053) 1.70E-01 1.813E-01 0.327 5.401E-03 1.473 5.486E-11

592 C18:1 CST3 Metabolites eGFRbiom diftype 0.14 1.998E-07 9.280E-07 CKD FF4 Y

C18:1 to CST3 to 

incident CKD

kidney trait 

in FF4 (as Y) 33.38

0.014 

(0.006 to 

0.024) 0.0E+00 0.000E+00

0.029 (-0.002 

to 0.066) 6.00E-02 6.857E-02 0.325 6.305E-03 1.473 5.486E-11

593 GHR CST3 Proteins eGFRbiom diftype -0.207 2.243E-06 9.156E-06 CKD FF4 Y

GHR to CST3 to 

incident CKD

kidney trait 

in FF4 (as Y) 18.7

-0.015 (-

0.025 to -

0.005) 0.0E+00 0.000E+00

-0.064 (-

0.095 to -

0.024) 0.00E+00 0.000E+00 -0.683 1.930E-04 1.473 5.486E-11



198 

 

 

594 MASP1 CST3 Proteins eGFRbiom diftype -0.157 3.603E-04 1.059E-03 eGFR FF4 Y

MASP1 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 89.52

0.082 

(0.035 to 

0.132) 0.0E+00 0.000E+00

0.01 (-0.031 

to 0.049) 6.86E-01 7.054E-01 0.091 5.181E-03 -0.642 5.894E-98

595

ADAMT

S13 CST3 Proteins eGFRbiom diftype -0.161 2.551E-04 7.900E-04 eGFR FF4 Y

ADAMTS13 to 

CST3 to Follow-

up eGFR

kidney trait 

in FF4 (as Y) 69.82

0.078 

(0.039 to 

0.121) 2.0E-03 3.406E-03

0.034 (-0.013 

to 0.081) 1.34E-01 1.546E-01 0.111 6.823E-04 -0.642 5.894E-98

596 C12 CST3 Metabolites eGFRbiom diftype 0.248 1.196E-20 4.304E-19 eGFR FF4 Y

C12 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 75.89

-0.108 (-

0.144 to -

0.073) 0.0E+00 0.000E+00

-0.034 (-

0.079 to 

0.01) 1.06E-01 1.242E-01 -0.143 2.223E-07 -0.642 5.894E-98

597 BMP1 CST3 Proteins eGFRbiom diftype -0.169 1.165E-04 3.686E-04 eGFR FF4 Y

BMP1 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 52.76

0.094 

(0.042 to 

0.147) 0.0E+00 0.000E+00

0.084 (0 to 

0.162) 5.00E-02 6.337E-02 0.178 5.497E-06 -0.642 5.894E-98

598

HAVCR

2 CST3 Proteins eGFRbiom diftype 0.22 4.911E-07 2.143E-06 eGFR FF4 Y

HAVCR2 to CST3 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 62.6

-0.142 (-

0.204 to -

0.086) 0.0E+00 0.000E+00

-0.085 (-

0.152 to -

0.016) 1.80E-02 2.452E-02 -0.227 1.144E-09 -0.642 5.894E-98

599 RELT CST3 Proteins eGFRbiom diftype 0.462 1.615E-28 2.325E-26 eGFR FF4 Y

RELT to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 59.83

-0.205 (-

0.262 to -

0.158) 0.0E+00 0.000E+00

-0.138 (-

0.204 to -

0.073) 0.00E+00 0.000E+00 -0.343 1.967E-24 -0.642 5.894E-98

600

TNFRSF

19 CST3 Proteins eGFRbiom diftype 0.294 1.165E-11 1.119E-10 eGFR FF4 Y

TNFRSF19 to 

CST3 to Follow-

up eGFR

kidney trait 

in FF4 (as Y) 41.38

-0.077 (-

0.158 to -

0.02) 1.0E-02 1.473E-02

-0.109 (-

0.162 to -

0.059) 0.00E+00 0.000E+00 -0.185 2.628E-09 -0.642 5.894E-98

601

TNFRSF

1B CST3 Proteins eGFRbiom diftype 0.415 9.521E-23 4.570E-21 eGFR FF4 Y

TNFRSF1B to 

CST3 to Follow-

up eGFR

kidney trait 

in FF4 (as Y) 65.8

-0.199 (-

0.261 to -

0.145) 0.0E+00 0.000E+00

-0.103 (-

0.177 to -

0.028) 6.00E-03 8.605E-03 -0.302 2.211E-20 -0.642 5.894E-98

602 PAPPA CST3 Proteins eGFRbiom diftype 0.193 1.121E-05 4.036E-05 eGFR FF4 Y

PAPPA to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 74.94

-0.1 (-

0.149 to -

0.058) 0.0E+00 0.000E+00

-0.034 (-

0.088 to 

0.023) 2.66E-01 2.974E-01 -0.134 4.851E-05 -0.642 5.894E-98

603 CTSV CST3 Proteins eGFRbiom diftype -0.248 1.199E-08 7.047E-08 eGFR FF4 Y

CTSV to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 69.65

0.149 

(0.101 to 

0.196) 0.0E+00 0.000E+00

0.065 (0.004 

to 0.125) 3.40E-02 4.438E-02 0.213 5.057E-08 -0.642 5.894E-98

604 EGFR CST3 Proteins eGFRbiom diftype -0.371 3.615E-18 8.009E-17 eGFR FF4 Y

EGFR to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 81.7

0.211 

(0.162 to 

0.263) 0.0E+00 0.000E+00

0.047 (-0.014 

to 0.11) 1.60E-01 1.836E-01 0.259 1.214E-11 -0.642 5.894E-98

605 FN1 CST3 Proteins eGFRbiom diftype -0.193 1.020E-05 3.802E-05 eGFR FF4 Y

FN1 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 91.77

0.101 

(0.056 to 

0.149) 0.0E+00 0.000E+00

0.009 (-0.039 

to 0.054) 7.70E-01 7.881E-01 0.11 1.156E-03 -0.642 5.894E-98
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606 LAYN CST3 Proteins eGFRbiom diftype 0.295 8.726E-12 8.666E-11 eGFR FF4 Y

LAYN to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 56.49

-0.135 (-

0.194 to -

0.085) 0.0E+00 0.000E+00

-0.104 (-

0.173 to -

0.035) 0.00E+00 0.000E+00 -0.24 5.264E-13 -0.642 5.894E-98

607 KDR CST3 Proteins eGFRbiom diftype -0.264 1.282E-09 8.789E-09 eGFR FF4 Y

KDR to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 72.23

0.118 

(0.071 to 

0.169) 0.0E+00 0.000E+00

0.045 (-0.012 

to 0.103) 1.08E-01 1.259E-01 0.163 2.182E-06 -0.642 5.894E-98

608 RETN CST3 Proteins eGFRbiom diftype 0.283 6.818E-11 5.455E-10 eGFR FF4 Y

RETN to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 60.61

-0.137 (-

0.183 to -

0.096) 0.0E+00 0.000E+00

-0.089 (-

0.147 to -

0.034) 4.00E-03 5.775E-03 -0.226 5.657E-12 -0.642 5.894E-98

609

KIR2DL

4 CST3 Proteins eGFRbiom diftype 0.125 4.556E-03 1.033E-02 eGFR FF4 Y

KIR2DL4 to CST3 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 57.01

-0.058 (-

0.102 to -

0.015) 4.0E-03 6.229E-03

-0.044 (-0.09 

to 0.007) 9.40E-02 1.120E-01 -0.101 2.900E-03 -0.642 5.894E-98

610 C14:2 CST3 Metabolites eGFRbiom diftype 0.244 5.241E-20 1.677E-18 eGFR FF4 Y

C14:2 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 87.39

-0.098 (-

0.136 to -

0.064) 0.0E+00 0.000E+00

-0.014 (-

0.057 to 

0.027) 4.82E-01 5.126E-01 -0.112 3.972E-05 -0.642 5.894E-98

611 CNDP1 CST3 Proteins eGFRbiom diftype -0.239 4.006E-08 2.177E-07 eGFR FF4 Y

CNDP1 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 80.09

0.113 

(0.062 to 

0.161) 0.0E+00 0.000E+00

0.028 (-0.039 

to 0.086) 4.16E-01 4.467E-01 0.141 2.240E-05 -0.642 5.894E-98

612 NBL1 CST3 Proteins eGFRbiom diftype 0.373 2.378E-18 5.708E-17 eGFR FF4 Y

NBL1 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 63.42

-0.163 (-

0.227 to -

0.113) 0.0E+00 0.000E+00

-0.094 (-

0.156 to -

0.043) 2.00E-03 2.966E-03 -0.258 1.359E-14 -0.642 5.894E-98

613 ESAM CST3 Proteins eGFRbiom diftype 0.276 1.940E-10 1.510E-09 eGFR FF4 Y

ESAM to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 57.76

-0.137 (-

0.183 to -

0.089) 0.0E+00 0.000E+00

-0.1 (-0.164 

to -0.034) 0.00E+00 0.000E+00 -0.236 3.557E-12 -0.642 5.894E-98

614 C14:1 CST3 Metabolites eGFRbiom diftype 0.191 9.890E-13 1.055E-11 eGFR FF4 Y

C14:1 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 77.37

-0.079 (-

0.114 to -

0.047) 0.0E+00 0.000E+00

-0.023 (-

0.068 to 

0.02) 2.90E-01 3.209E-01 -0.102 1.816E-04 -0.642 5.894E-98

615 IGFBP6 CST3 Proteins eGFRbiom diftype 0.437 2.789E-25 2.008E-23 eGFR FF4 Y

IGFBP6 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 57.21

-0.202 (-

0.261 to -

0.143) 0.0E+00 0.000E+00

-0.151 (-

0.215 to -

0.086) 0.00E+00 0.000E+00 -0.354 6.692E-22 -0.642 5.894E-98

616 IL19 CST3 Proteins eGFRbiom diftype -0.182 3.397E-05 1.179E-04 eGFR FF4 Y

IL19 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 63

0.09 

(0.044 to 

0.136) 0.0E+00 0.000E+00

0.053 (0.004 

to 0.101) 4.00E-02 5.099E-02 0.143 2.452E-05 -0.642 5.894E-98

618 ERP29 CST3 Proteins eGFRbiom diftype 0.261 1.840E-09 1.204E-08 eGFR FF4 Y

ERP29 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 62.86

-0.146 (-

0.2 to -

0.099) 0.0E+00 0.000E+00

-0.086 (-

0.153 to -

0.023) 8.00E-03 1.132E-02 -0.232 3.085E-10 -0.642 5.894E-98
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620 IL6 CST3 Proteins eGFRbiom diftype 0.103 1.937E-02 3.646E-02 eGFR FF4 Y

IL6 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 90.84

-0.088 (-

0.137 to -

0.037) 0.0E+00 0.000E+00

-0.009 (-

0.051 to 

0.029) 6.36E-01 6.571E-01 -0.097 2.116E-03 -0.642 5.894E-98

621

C14:1-

OH CST3 Metabolites eGFRbiom diftype 0.229 9.246E-18 1.902E-16 eGFR FF4 Y

C14:1‐OH to CST3 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 89.91

-0.11 (-

0.148 to -

0.077) 0.0E+00 0.000E+00

-0.012 (-

0.057 to 

0.03) 5.68E-01 5.982E-01 -0.123 4.789E-06 -0.642 5.894E-98

622 FGF20 CST3 Proteins eGFRbiom diftype -0.273 3.105E-10 2.293E-09 eGFR FF4 Y

FGF20 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 57.68

0.089 

(0.045 to 

0.193) 0.0E+00 0.000E+00

0.065 (0.028 

to 0.13) 0.00E+00 0.000E+00 0.154 1.991E-06 -0.642 5.894E-98

623 C8 CST3 Metabolites eGFRbiom diftype 0.213 1.922E-15 3.076E-14 eGFR FF4 Y

C8 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 65.94

-0.092 (-

0.124 to -

0.062) 0.0E+00 0.000E+00

-0.047 (-

0.085 to -

0.007) 2.80E-02 3.677E-02 -0.139 2.663E-07 -0.642 5.894E-98

624 UNC5C CST3 Proteins eGFRbiom diftype 0.24 3.842E-08 2.128E-07 eGFR FF4 Y

UNC5C to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 57.61

-0.138 (-

0.196 to -

0.082) 0.0E+00 0.000E+00

-0.101 (-

0.168 to -

0.034) 4.00E-03 5.775E-03 -0.239 2.111E-11 -0.642 5.894E-98

625 CTSH CST3 Proteins eGFRbiom diftype 0.415 8.967E-23 4.570E-21 eGFR FF4 Y

CTSH to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 72.55

-0.219 (-

0.272 to -

0.168) 0.0E+00 0.000E+00

-0.083 (-

0.153 to -

0.017) 1.20E-02 1.656E-02 -0.301 2.573E-17 -0.642 5.894E-98

626 EPHA2 CST3 Proteins eGFRbiom diftype 0.256 3.863E-09 2.318E-08 eGFR FF4 Y

EPHA2 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 55.83

-0.127 (-

0.181 to -

0.078) 0.0E+00 0.000E+00

-0.1 (-0.182 

to -0.025) 1.20E-02 1.656E-02 -0.227 1.296E-11 -0.642 5.894E-98

628

TNFRSF

1A CST3 Proteins eGFRbiom diftype 0.442 6.356E-26 6.102E-24 eGFR FF4 Y

TNFRSF1A to 

CST3 to Follow-

up eGFR

kidney trait 

in FF4 (as Y) 59.6

-0.185 (-

0.24 to -

0.133) 0.0E+00 0.000E+00

-0.125 (-

0.202 to -

0.053) 2.00E-03 2.966E-03 -0.311 6.192E-22 -0.642 5.894E-98

629

CGA 

LHB CST3 Proteins eGFRbiom diftype 0.234 8.101E-08 4.242E-07 eGFR FF4 Y

CGA LHB to CST3 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 75.02

-0.168 (-

0.262 to -

0.093) 0.0E+00 0.000E+00

-0.056 (-

0.151 to 

0.03) 2.10E-01 2.397E-01 -0.225 2.919E-04 -0.642 5.894E-98

630 GHR CST3 Proteins eGFRbiom diftype -0.207 2.243E-06 9.156E-06 eGFR FF4 Y

GHR to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 67.53

0.12 

(0.074 to 

0.167) 0.0E+00 0.000E+00

0.058 (-0.009 

to 0.122) 9.60E-02 1.137E-01 0.178 1.444E-05 -0.642 5.894E-98

631 IGFBP2 CST3 Proteins eGFRbiom diftype 0.222 3.600E-07 1.620E-06 eGFR FF4 Y

IGFBP2 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 54.57

-0.131 (-

0.195 to -

0.076) 0.0E+00 0.000E+00

-0.109 (-

0.178 to -

0.038) 2.00E-03 2.966E-03 -0.239 7.855E-09 -0.642 5.894E-98

632 C10 CST3 Metabolites eGFRbiom diftype 0.218 3.764E-16 6.377E-15 eGFR FF4 Y

C10 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 67.28

-0.099 (-

0.13 to -

0.068) 0.0E+00 0.000E+00

-0.048 (-

0.087 to -

0.007) 2.40E-02 3.190E-02 -0.147 8.312E-08 -0.642 5.894E-98

633 SCARF1 CST3 Proteins eGFRbiom diftype 0.229 1.554E-07 7.590E-07 eGFR FF4 Y

SCARF1 to CST3 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 69.56

-0.108 (-

0.151 to -

0.07) 0.0E+00 0.000E+00

-0.047 (-

0.097 to 

0.004) 7.00E-02 8.621E-02 -0.156 1.011E-06 -0.642 5.894E-98
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635 C16 CST3 Metabolites eGFRbiom diftype 0.141 1.681E-07 7.935E-07 eGFR FF4 Y

C16 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 92.05

-0.065 (-

0.102 to -

0.031) 0.0E+00 0.000E+00

-0.006 (-

0.052 to 

0.037) 8.22E-01 8.296E-01 -0.07 1.334E-02 -0.642 5.894E-98

636 FGF9 CST3 Proteins eGFRbiom diftype -0.167 1.394E-04 4.363E-04 eGFR FF4 Y

FGF9 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 84.72

0.067 

(0.022 to 

0.12) 6.0E-03 9.211E-03

0.012 (-0.038 

to 0.062) 6.28E-01 6.550E-01 0.079 2.713E-02 -0.642 5.894E-98

637 EFNA5 CST3 Proteins eGFRbiom diftype 0.287 3.780E-11 3.202E-10 eGFR FF4 Y

EFNA5 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 58.8

-0.14 (-

0.189 to -

0.094) 0.0E+00 0.000E+00

-0.098 (-

0.156 to -

0.035) 2.00E-03 2.966E-03 -0.237 5.965E-12 -0.642 5.894E-98

639 PLG CST3 Proteins eGFRbiom diftype -0.261 1.881E-09 1.204E-08 eGFR FF4 Y

PLG to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 89.25

0.118 

(0.077 to 

0.167) 0.0E+00 0.000E+00

0.014 (-0.04 

to 0.067) 6.34E-01 6.571E-01 0.132 1.799E-04 -0.642 5.894E-98

640

CLEC4

M CST3 Proteins eGFRbiom diftype -0.207 2.257E-06 9.156E-06 eGFR FF4 Y

CLEC4M to CST3 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 91.39

0.121 

(0.076 to 

0.163) 0.0E+00 0.000E+00

0.011 (-0.042 

to 0.066) 7.76E-01 7.905E-01 0.133 1.046E-04 -0.642 5.894E-98

641 C10:2 CST3 Metabolites eGFRbiom diftype 0.241 1.527E-19 4.398E-18 eGFR FF4 Y

C10:2 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 81.51

-0.095 (-

0.132 to -

0.06) 0.0E+00 0.000E+00

-0.022 (-

0.071 to 

0.022) 3.66E-01 3.950E-01 -0.117 6.984E-06 -0.642 5.894E-98

642 C5 CST3 Metabolites eGFRbiom diftype 0.182 1.247E-11 1.122E-10 eGFR FF4 Y

C5 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 74.32

-0.076 (-

0.116 to -

0.043) 0.0E+00 0.000E+00

-0.026 (-

0.068 to 

0.017) 2.18E-01 2.462E-01 -0.103 2.980E-04 -0.642 5.894E-98

643 FSTL3 CST3 Proteins eGFRbiom diftype 0.33 1.775E-14 2.223E-13 eGFR FF4 Y

FSTL3 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 53.09

-0.152 (-

0.208 to -

0.1) 0.0E+00 0.000E+00

-0.135 (-

0.191 to -

0.068) 0.00E+00 0.000E+00 -0.287 2.672E-17 -0.642 5.894E-98

644 ACY1 CST3 Proteins eGFRbiom diftype -0.111 1.212E-02 2.431E-02 eGFR FF4 Y

ACY1 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 51.36

0.081 

(0.032 to 

0.129) 2.0E-03 3.406E-03

0.076 (0.01 

to 0.141) 2.20E-02 2.942E-02 0.157 1.315E-04 -0.642 5.894E-98

646 SPOCK2 CST3 Proteins eGFRbiom diftype -0.335 6.329E-15 9.114E-14 eGFR FF4 Y

SPOCK2 to CST3 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 74.88

0.172 

(0.126 to 

0.222) 0.0E+00 0.000E+00

0.058 (-0.008 

to 0.124) 8.80E-02 1.060E-01 0.23 1.421E-12 -0.642 5.894E-98

647 C18:1 CST3 Metabolites eGFRbiom diftype 0.14 1.998E-07 9.280E-07 eGFR FF4 Y

C18:1 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 73.23

-0.059 (-

0.098 to -

0.025) 2.0E-03 3.406E-03

-0.022 (-

0.067 to 

0.024) 3.08E-01 3.374E-01 -0.081 3.345E-03 -0.642 5.894E-98

649 B2M CST3 Proteins eGFRbiom diftype 0.615 1.036E-54 2.985E-52 eGFR FF4 Y

B2M to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 77.55

-0.298 (-

0.369 to -

0.235) 0.0E+00 0.000E+00

-0.086 (-

0.176 to 

0.007) 8.00E-02 9.689E-02 -0.384 1.594E-30 -0.642 5.894E-98

650

C6(C4:1

‐DC) CST3 Metabolites eGFRbiom diftype 0.224 4.939E-17 9.483E-16 eGFR FF4 Y

C6(C4:1‐DC) to 

CST3 to Follow-

up eGFR

kidney trait 

in FF4 (as Y) 81.21

-0.097 (-

0.131 to -

0.063) 0.0E+00 0.000E+00

-0.023 (-

0.067 to 

0.019) 2.90E-01 3.209E-01 -0.12 2.184E-05 -0.642 5.894E-98
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651 FCN3 CST3 Proteins eGFRbiom diftype -0.132 2.699E-03 6.759E-03 eGFR FF4 Y

FCN3 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 71.82

0.075 

(0.032 to 

0.118) 2.0E-03 3.406E-03

0.029 (-0.023 

to 0.084) 3.22E-01 3.492E-01 0.104 4.880E-03 -0.642 5.894E-98

652 TFF3 CST3 Proteins eGFRbiom diftype 0.376 1.102E-18 2.886E-17 eGFR FF4 Y

TFF3 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 58.88

-0.15 (-

0.234 to -

0.092) 0.0E+00 0.000E+00

-0.105 (-

0.169 to -

0.051) 0.00E+00 0.000E+00 -0.255 3.473E-13 -0.642 5.894E-98

653 JAM2 CST3 Proteins eGFRbiom diftype 0.341 2.148E-15 3.257E-14 eGFR FF4 Y

JAM2 to CST3 to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 61.81

-0.134 (-

0.182 to -

0.086) 0.0E+00 0.000E+00

-0.083 (-

0.143 to -

0.028) 2.00E-03 2.966E-03 -0.216 8.221E-12 -0.642 5.894E-98

655 C18:1

Urine 

albumi

n Metabolites UACRbiom diftype 0.127 2.547E-06 1.019E-05 CKD FF4 Y

C18:1 to Urine 

albumin to 

incident CKD

kidney trait 

in FF4 (as Y) 20.65

0.009 

(0.003 to 

0.018) 4.0E-03 1.600E-02

0.036 (0.005 

to 0.073) 2.60E-02 3.328E-02 0.325 6.305E-03 0.914 2.369E-08

659 MCM3

Urine 

albumi

n RNAs UACRbiom diftype -0.17 1.030E-05 3.802E-05 UACR FF4 Y

MCM3 to Urine 

albumin to 

Follow-up UACR

kidney trait 

in FF4 (as Y) 59.88

-0.107 (-

0.181 to -

0.042) 0.0E+00 0.000E+00

-0.071 (-

0.169 to 

0.023) 1.36E-01 1.360E-01 -0.178 2.073E-03 0.573 1.129E-59

660

SLC22A

4

Urine 

albumi

n RNAs UACRbiom diftype 0.159 3.884E-05 1.316E-04 UACR FF4 Y

SLC22A4 to Urine 

albumin to 

Follow-up UACR

kidney trait 

in FF4 (as Y) 35.46

0.072 

(0.011 to 

0.141) 1.6E-02 3.000E-02

0.132 (0.03 

to 0.223) 4.00E-03 6.000E-03 0.204 4.041E-04 0.573 1.129E-59

661 EGFR

Urine 

albumi

n Proteins UACRbiom diftype -0.155 4.251E-04 1.237E-03 UACR FF4 Y

EGFR to Urine 

albumin to 

Follow-up UACR

kidney trait 

in FF4 (as Y) 51.06

-0.092 (-

0.142 to -

0.048) 0.0E+00 0.000E+00

-0.088 (-

0.181 to 

0.009) 7.40E-02 8.880E-02 -0.18 1.268E-04 0.573 1.129E-59

662

Creatin

ine C12 eGFRbiom Metabolites diftype 0.159 3.494E-09 2.141E-08 CKD FF4 Y

Creatinine to C12 

to incident CKD

kidney trait 

in FF4 (as Y) 11.63

0.007 

(0.001 to 

0.016) 1.0E-02 3.556E-02

0.054 (-0.002 

to 0.114) 5.80E-02 6.857E-02 0.459 6.259E-03 0.327 5.401E-03

667 B2M

Creatin

ine Proteins eGFRbiom diftype 0.317 1.905E-13 2.110E-12 CKD FF4 Y

B2M to 

Creatinine to 

incident CKD

kidney trait 

in FF4 (as Y) 21.16

0.018 

(0.004 to 

0.038) 1.2E-02 3.840E-02

0.068 (0.011 

to 0.124) 2.00E-02 2.667E-02 0.561 9.322E-04 0.459 6.259E-03

669

TNFRSF

1B

Creatin

ine Proteins eGFRbiom diftype 0.181 3.809E-05 1.306E-04 eGFR FF4 Y

TNFRSF1B to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 30.11

-0.091 (-

0.133 to -

0.051) 0.0E+00 0.000E+00

-0.211 (-

0.282 to -

0.142) 0.00E+00 0.000E+00 -0.302 2.211E-20 -0.529 1.462E-67

669 eGFR FF4 Y

Creatinine to 

TNFRSF1B to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 12.79

-0.07 (-

0.103 to -

0.036) 0.0E+00 0.000E+00

-0.478 (-0.55 

to -0.402) 0.00E+00 0.000E+00
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670 FN1

Creatin

ine Proteins eGFRbiom diftype -0.133 2.624E-03 6.629E-03 eGFR FF4 Y

FN1 to Creatinine 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 40.33

0.045 

(0.005 to 

0.082) 3.0E-02 4.012E-02

0.066 (0.009 

to 0.118) 2.20E-02 2.942E-02 0.11 1.156E-03 -0.529 1.462E-67

671 ERBB3

Creatin

ine Proteins eGFRbiom diftype -0.176 6.339E-05 2.098E-04 eGFR FF4 Y

ERBB3 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 57.17

0.08 

(0.042 to 

0.12) 0.0E+00 0.000E+00

0.06 (-0.007 

to 0.132) 8.00E-02 9.689E-02 0.14 2.266E-04 -0.529 1.462E-67

672

HAVCR

2

Creatin

ine Proteins eGFRbiom diftype 0.111 1.216E-02 2.431E-02 eGFR FF4 Y

HAVCR2 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 32.72

-0.074 (-

0.12 to -

0.034) 2.0E-03 3.406E-03

-0.153 (-

0.226 to -

0.086) 0.00E+00 0.000E+00 -0.227 1.144E-09 -0.529 1.462E-67

673

KIR2DL

4

Creatin

ine Proteins eGFRbiom diftype 0.129 3.486E-03 8.229E-03 eGFR FF4 Y

KIR2DL4 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 63.35

-0.064 (-

0.105 to -

0.03) 0.0E+00 0.000E+00

-0.037 (-

0.095 to 

0.029) 2.92E-01 3.215E-01 -0.101 2.900E-03 -0.529 1.462E-67

674 NBL1

Creatin

ine Proteins eGFRbiom diftype 0.23 1.345E-07 6.796E-07 eGFR FF4 Y

NBL1 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 37.68

-0.097 (-

0.145 to -

0.055) 0.0E+00 0.000E+00

-0.161 (-

0.232 to -

0.102) 0.00E+00 0.000E+00 -0.258 1.359E-14 -0.529 1.462E-67

675 LAYN

Creatin

ine Proteins eGFRbiom diftype 0.194 9.148E-06 3.513E-05 eGFR FF4 Y

LAYN to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 40.09

-0.096 (-

0.142 to -

0.054) 0.0E+00 0.000E+00

-0.144 (-

0.224 to -

0.065) 0.00E+00 0.000E+00 -0.24 5.264E-13 -0.529 1.462E-67

676

TNFRSF

1A

Creatin

ine Proteins eGFRbiom diftype 0.283 6.165E-11 5.073E-10 eGFR FF4 Y

TNFRSF1A to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 36.48

-0.113 (-

0.153 to -

0.076) 0.0E+00 0.000E+00

-0.197 (-

0.279 to -

0.12) 0.00E+00 0.000E+00 -0.311 6.192E-22 -0.529 1.462E-67

677 AMH

Creatin

ine Proteins eGFRbiom diftype -0.131 3.018E-03 7.336E-03 eGFR FF4 Y

AMH to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 50.87

0.057 

(0.016 to 

0.098) 2.0E-03 3.406E-03

0.055 (-0.016 

to 0.124) 1.22E-01 1.415E-01 0.112 1.293E-03 -0.529 1.462E-67

678 GHR

Creatin

ine Proteins eGFRbiom diftype -0.124 5.049E-03 1.136E-02 eGFR FF4 Y

GHR to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 33.18

0.059 

(0.012 to 

0.108) 1.0E-02 1.473E-02

0.119 (0.046 

to 0.193) 2.00E-03 2.966E-03 0.178 1.444E-05 -0.529 1.462E-67

679 IL19

Creatin

ine Proteins eGFRbiom diftype -0.12 6.708E-03 1.475E-02 eGFR FF4 Y

IL19 to Creatinine 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 42.58

0.061 

(0.025 to 

0.099) 4.0E-03 6.229E-03

0.082 (0.028 

to 0.132) 4.00E-03 5.775E-03 0.143 2.452E-05 -0.529 1.462E-67

680 CTSV

Creatin

ine Proteins eGFRbiom diftype -0.122 5.518E-03 1.222E-02 eGFR FF4 Y

CTSV to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 27.73

0.059 

(0.019 to 

0.098) 4.0E-03 6.229E-03

0.154 (0.081 

to 0.212) 0.00E+00 0.000E+00 0.213 5.057E-08 -0.529 1.462E-67

681 CTSH

Creatin

ine Proteins eGFRbiom diftype 0.248 1.232E-08 7.096E-08 eGFR FF4 Y

CTSH to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 40.12

-0.121 (-

0.163 to -

0.082) 0.0E+00 0.000E+00

-0.18 (-0.246 

to -0.121) 0.00E+00 0.000E+00 -0.301 2.573E-17 -0.529 1.462E-67
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682

C14:1-

OH

Creatin

ine Metabolites eGFRbiom diftype 0.153 1.423E-08 8.037E-08 eGFR FF4 Y

C14:1‐OH to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 56.44

-0.069 (-

0.099 to -

0.039) 0.0E+00 0.000E+00

-0.053 (-

0.098 to -

0.008) 2.00E-02 2.708E-02 -0.123 4.789E-06 -0.529 1.462E-67

683 C12

Creatin

ine Metabolites eGFRbiom diftype 0.159 3.494E-09 2.141E-08 eGFR FF4 Y

C12 to Creatinine 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 48.69

-0.069 (-

0.101 to -

0.039) 0.0E+00 0.000E+00

-0.073 (-0.12 

to -0.029) 4.00E-03 5.775E-03 -0.143 2.223E-07 -0.529 1.462E-67

684 UNC5C

Creatin

ine Proteins eGFRbiom diftype 0.178 5.138E-05 1.721E-04 eGFR FF4 Y

UNC5C to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 37.94

-0.091 (-

0.135 to -

0.045) 0.0E+00 0.000E+00

-0.148 (-

0.218 to -

0.075) 0.00E+00 0.000E+00 -0.239 2.111E-11 -0.529 1.462E-67

685 C14:1

Creatin

ine Metabolites eGFRbiom diftype 0.106 8.567E-05 2.742E-04 eGFR FF4 Y

C14:1 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 51.17

-0.052 (-

0.083 to -

0.025) 2.0E-03 3.406E-03

-0.05 (-0.097 

to -0.003) 4.00E-02 5.099E-02 -0.102 1.816E-04 -0.529 1.462E-67

686 TFF3

Creatin

ine Proteins eGFRbiom diftype 0.273 2.976E-10 2.255E-09 eGFR FF4 Y

TFF3 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 39.75

-0.102 (-

0.161 to -

0.056) 0.0E+00 0.000E+00

-0.154 (-

0.235 to -

0.094) 0.00E+00 0.000E+00 -0.255 3.473E-13 -0.529 1.462E-67

688

ADAMT

S13

Creatin

ine Proteins eGFRbiom diftype -0.144 1.064E-03 2.891E-03 eGFR FF4 Y

ADAMTS13 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 53.05

0.059 

(0.023 to 

0.094) 4.0E-03 6.229E-03

0.052 (0.003 

to 0.102) 4.00E-02 5.099E-02 0.111 6.823E-04 -0.529 1.462E-67

689 MASP1

Creatin

ine Proteins eGFRbiom diftype -0.119 7.177E-03 1.554E-02 eGFR FF4 Y

MASP1 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 53.66

0.049 

(0.009 to 

0.093) 1.4E-02 1.982E-02

0.042 (-0.009 

to 0.085) 9.20E-02 1.102E-01 0.091 5.181E-03 -0.529 1.462E-67

690 SPOCK2

Creatin

ine Proteins eGFRbiom diftype -0.222 3.795E-07 1.682E-06 eGFR FF4 Y

SPOCK2 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 42.59

0.098 

(0.062 to 

0.139) 0.0E+00 0.000E+00

0.132 (0.064 

to 0.199) 0.00E+00 0.000E+00 0.23 1.421E-12 -0.529 1.462E-67

691 FGF20

Creatin

ine Proteins eGFRbiom diftype -0.147 8.276E-04 2.337E-03 eGFR FF4 Y

FGF20 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 25.94

0.04 

(0.009 to 

0.113) 4.0E-03 6.229E-03

0.114 (0.067 

to 0.214) 0.00E+00 0.000E+00 0.154 1.991E-06 -0.529 1.462E-67

692 C5

Creatin

ine Metabolites eGFRbiom diftype 0.182 1.204E-11 1.119E-10 eGFR FF4 Y

C5 to Creatinine 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 60.36

-0.062 (-

0.096 to -

0.03) 0.0E+00 0.000E+00

-0.041 (-

0.086 to 

0.007) 1.04E-01 1.226E-01 -0.103 2.980E-04 -0.529 1.462E-67

693 JAM2

Creatin

ine Proteins eGFRbiom diftype 0.331 1.313E-14 1.801E-13 eGFR FF4 Y

JAM2 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 56.6

-0.122 (-

0.167 to -

0.079) 0.0E+00 0.000E+00

-0.094 (-

0.169 to -

0.028) 0.00E+00 0.000E+00 -0.216 8.221E-12 -0.529 1.462E-67

694 EGFR

Creatin

ine Proteins eGFRbiom diftype -0.134 2.287E-03 5.935E-03 eGFR FF4 Y

EGFR to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 29.07

0.075 

(0.035 to 

0.117) 2.0E-03 3.406E-03

0.184 (0.116 

to 0.252) 0.00E+00 0.000E+00 0.259 1.214E-11 -0.529 1.462E-67
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695 BMP1

Creatin

ine Proteins eGFRbiom diftype -0.117 8.040E-03 1.678E-02 eGFR FF4 Y

BMP1 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 31.48

0.056 

(0.011 to 

0.103) 1.6E-02 2.250E-02

0.122 (0.022 

to 0.215) 8.00E-03 1.132E-02 0.178 5.497E-06 -0.529 1.462E-67

696 ESAM

Creatin

ine Proteins eGFRbiom diftype 0.188 1.885E-05 6.702E-05 eGFR FF4 Y

ESAM to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 33.1

-0.078 (-

0.121 to -

0.039) 0.0E+00 0.000E+00

-0.158 (-0.23 

to -0.082) 0.00E+00 0.000E+00 -0.236 3.557E-12 -0.529 1.462E-67

697 C1QBP

Creatin

ine Proteins eGFRbiom diftype -0.229 1.555E-07 7.590E-07 eGFR FF4 Y

C1QBP to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 62.22

0.087 

(0.051 to 

0.126) 0.0E+00 0.000E+00

0.053 (-0.002 

to 0.106) 6.00E-02 7.432E-02 0.14 3.746E-05 -0.529 1.462E-67

698 B2M

Creatin

ine Proteins eGFRbiom diftype 0.317 1.905E-13 2.110E-12 eGFR FF4 Y

B2M to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 32.76

-0.126 (-

0.17 to -

0.085) 0.0E+00 0.000E+00

-0.258 (-

0.322 to -

0.19) 0.00E+00 0.000E+00 -0.384 1.594E-30 -0.529 1.462E-67

698 eGFR FF4 Y

Creatinine to 

B2M to Follow-

up eGFR

kidney trait 

in FF4 (as Y) 22.02

-0.121 (-

0.167 to -

0.08) 0.0E+00 0.000E+00

-0.427 (-0.5 

to -0.35) 0.00E+00 0.000E+00

699 C10:2

Creatin

ine Metabolites eGFRbiom diftype 0.206 1.449E-14 1.897E-13 eGFR FF4 Y

C10:2 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 73.6

-0.086 (-

0.119 to -

0.055) 0.0E+00 0.000E+00

-0.031 (-

0.077 to 

0.017) 2.18E-01 2.462E-01 -0.117 6.984E-06 -0.529 1.462E-67

700

CLEC4

M

Creatin

ine Proteins eGFRbiom diftype -0.173 8.408E-05 2.734E-04 eGFR FF4 Y

CLEC4M to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 53.4

0.071 

(0.032 to 

0.11) 0.0E+00 0.000E+00

0.062 (-0.004 

to 0.122) 5.80E-02 7.225E-02 0.133 1.046E-04 -0.529 1.462E-67

701

C6(C4:1

‐DC)

Creatin

ine Metabolites eGFRbiom diftype 0.162 1.813E-09 1.204E-08 eGFR FF4 Y

C6(C4:1‐DC) to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 59.59

-0.071 (-

0.102 to -

0.045) 0.0E+00 0.000E+00

-0.048 (-

0.097 to 

0.001) 5.40E-02 6.805E-02 -0.12 2.184E-05 -0.529 1.462E-67

702 EFNA5

Creatin

ine Proteins eGFRbiom diftype 0.215 9.017E-07 3.819E-06 eGFR FF4 Y

EFNA5 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 41.04

-0.097 (-

0.143 to -

0.057) 0.0E+00 0.000E+00

-0.14 (-0.209 

to -0.072) 0.00E+00 0.000E+00 -0.237 5.965E-12 -0.529 1.462E-67

703 C14:2

Creatin

ine Metabolites eGFRbiom diftype 0.164 1.092E-09 7.667E-09 eGFR FF4 Y

C14:2 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 61.73

-0.069 (-

0.099 to -

0.042) 0.0E+00 0.000E+00

-0.043 (-

0.089 to 

0.003) 7.40E-02 9.063E-02 -0.112 3.972E-05 -0.529 1.462E-67

704

TNFRSF

19

Creatin

ine Proteins eGFRbiom diftype 0.238 4.825E-08 2.573E-07 eGFR FF4 Y

TNFRSF19 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 39.98

-0.074 (-

0.129 to -

0.038) 0.0E+00 0.000E+00

-0.111 (-

0.179 to -

0.06) 0.00E+00 0.000E+00 -0.185 2.628E-09 -0.529 1.462E-67

705 C2

Creatin

ine Metabolites eGFRbiom diftype 0.143 1.224E-07 6.295E-07 eGFR FF4 Y

C2 to Creatinine 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 69.93

-0.055 (-

0.087 to -

0.024) 4.0E-03 6.229E-03

-0.024 (-

0.074 to 

0.027) 3.22E-01 3.492E-01 -0.079 4.140E-03 -0.529 1.462E-67
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706 FSTL3

Creatin

ine Proteins eGFRbiom diftype 0.21 1.598E-06 6.668E-06 eGFR FF4 Y

FSTL3 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 33.35

-0.096 (-

0.135 to -

0.058) 0.0E+00 0.000E+00

-0.191 (-

0.252 to -

0.127) 0.00E+00 0.000E+00 -0.287 2.672E-17 -0.529 1.462E-67

707 KDR

Creatin

ine Proteins eGFRbiom diftype -0.131 3.031E-03 7.336E-03 eGFR FF4 Y

KDR to Creatinine 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 35.19

0.057 

(0.021 to 

0.1) 2.0E-03 3.406E-03

0.106 (0.051 

to 0.165) 0.00E+00 0.000E+00 0.163 2.182E-06 -0.529 1.462E-67

708 C8

Creatin

ine Metabolites eGFRbiom diftype 0.179 2.374E-11 2.072E-10 eGFR FF4 Y

C8 to Creatinine 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 57.33

-0.08 (-

0.11 to -

0.055) 0.0E+00 0.000E+00

-0.059 (-

0.102 to -

0.013) 1.00E-02 1.397E-02 -0.139 2.663E-07 -0.529 1.462E-67

709 ACY1

Creatin

ine Proteins eGFRbiom diftype -0.115 9.386E-03 1.931E-02 eGFR FF4 Y

ACY1 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 42.48

0.067 

(0.019 to 

0.115) 4.0E-03 6.229E-03

0.09 (0.022 

to 0.155) 1.00E-02 1.397E-02 0.157 1.315E-04 -0.529 1.462E-67

710

CGA 

LHB

Creatin

ine Proteins eGFRbiom diftype 0.145 1.030E-03 2.825E-03 eGFR FF4 Y

CGA LHB to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 50.1

-0.113 (-

0.186 to -

0.046) 0.0E+00 0.000E+00

-0.112 (-0.22 

to -0.014) 2.80E-02 3.677E-02 -0.225 2.919E-04 -0.529 1.462E-67

711 ERP29

Creatin

ine Proteins eGFRbiom diftype 0.194 9.748E-06 3.694E-05 eGFR FF4 Y

ERP29 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 37.54

-0.087 (-

0.133 to -

0.047) 0.0E+00 0.000E+00

-0.145 (-

0.211 to -

0.086) 0.00E+00 0.000E+00 -0.232 3.085E-10 -0.529 1.462E-67

712 C10

Creatin

ine Metabolites eGFRbiom diftype 0.184 6.433E-12 6.617E-11 eGFR FF4 Y

C10 to Creatinine 

to Follow-up 

eGFR

kidney trait 

in FF4 (as Y) 60.89

-0.089 (-

0.119 to -

0.062) 0.0E+00 0.000E+00

-0.057 (-

0.101 to -

0.012) 1.40E-02 1.919E-02 -0.147 8.312E-08 -0.529 1.462E-67

713 RETN

Creatin

ine Proteins eGFRbiom diftype 0.157 3.471E-04 1.031E-03 eGFR FF4 Y

RETN to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 32.95

-0.074 (-

0.117 to -

0.036) 0.0E+00 0.000E+00

-0.152 (-

0.211 to -

0.087) 0.00E+00 0.000E+00 -0.226 5.657E-12 -0.529 1.462E-67

714 RELT

Creatin

ine Proteins eGFRbiom diftype 0.327 3.216E-14 3.705E-13 eGFR FF4 Y

RELT to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 39.38

-0.135 (-

0.175 to -

0.094) 0.0E+00 0.000E+00

-0.208 (-

0.278 to -

0.144) 0.00E+00 0.000E+00 -0.343 1.967E-24 -0.529 1.462E-67

715 EPHA2

Creatin

ine Proteins eGFRbiom diftype 0.149 7.322E-04 2.088E-03 eGFR FF4 Y

EPHA2 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 32.02

-0.073 (-

0.118 to -

0.032) 0.0E+00 0.000E+00

-0.154 (-

0.238 to -

0.081) 0.00E+00 0.000E+00 -0.227 1.296E-11 -0.529 1.462E-67

717 IGFBP6

Creatin

ine Proteins eGFRbiom diftype 0.403 1.655E-21 6.807E-20 eGFR FF4 Y

IGFBP6 to 

Creatinine to 

Follow-up eGFR

kidney trait 

in FF4 (as Y) 45.56

-0.161 (-

0.211 to -

0.113) 0.0E+00 0.000E+00

-0.193 (-

0.264 to -

0.126) 0.00E+00 0.000E+00 -0.354 6.692E-22 -0.529 1.462E-67
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Supplementary Table 19. Best mediation directions of causal mediation analysis of two metabolites & omics molecules & three times points 

of kidney traits. 

Within each identified best mediation direction, spearman correlation coefficients, P-values and FDR of each pair (FDR < 0.05) of residuals of two metabolites and omics molecules, 

and regression coefficients and P-values of omics molecules with kidney traits in hyperglycemic individuals of KORA F4 are shown, respectively.  Residuals of omics molecules 

were calculated with linear regression analysis for full model (incl. age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total cholesterol, HDL cholesterol, fasting 

glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication).   

The mediation proportion (%), average mediating effect with 95% CI, P-values and FDR, average direct effect with 95% CI, P-values and FDR of the identified best direction(s) 

of mediating triangles in a nonparametric causal mediation analysis are shown, respectively. Each mediation analysis was adjusted for full model. FDR of mediating effect and 

direct effect were calculated per kidney trait. 

Abbreviations: eGFRcr, estimated glomerular filtration rate was calculated from serum creatinine (mg/dL) (IDMS standardized values).  

 

 

Supplementary Table 20. Corresponding edges and nodes of directed mediating multi-omics integration networks. 

The edge weight, mediation direction, and mediation proportion (%) of directed mediating multi-omics integration networks, which were generated by overlapping the different 

levels of multi-omics integration network and omics pairs from best mediation directions of causal mediation analysis, are shown.  

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio; CKDcrcc, eGFR-based CKD that was defined 

as eGFR < 60 ml/min/1.73 m2; eGFRcr, estimated glomerular filtration rate was calculated from serum creatinine (mg/dL) (IDMS standardized values).  

triangle omics1.label omics2.label omics1.type omics2.type

omics.asso.t

ype spearcor p-value FDR kidney.trait

kidney.

trait.po

sition

Mediation.

direction

time.point.ki

dney.trait

Proportion.

media(%)

Avg.media 

(95% CI)

Avg.media.

p-value

Avg.media

.FDR

Avg.direct 

(95% CI)

Avg.direct.

p-value

Avg.direct.F

DR

Estimate.o

mics1.kidn

ey.trait

p-

value.omics1.k

idney.trait

Estimate.o

mics2.kidn

ey.trait

p-

value.omics2.

kidney.trait

668 SM C18:1 Creatinine Metabolites eGFRbiom diftype 0 091 8 104E-04 4 646E-02 eGFRcr FF4 Y

SM C18:1 

to 

Creatinine 

to Follow-

up eGFRcr

kidney trait 

in FF4 (as Y) 70 32

-0 054 (-0 093 

to -0 016) 0 0E+00 0 000E+00

-0 023 (-

0 072 to 

0 028) 3 20E-01 4 267E-01 -0 077 2 097E-02 -0 61 2 626E-81

774 PC aa C38 0 CTSH Metabolites Proteins diftype 0 153 5 430E-04 4 646E-02 eGFRcr FF4 Y

PC aa 

C38:0 to 

CTSH to 

Follow-up 

eGFRcr

kidney trait 

in FF4 (as Y) 84 35

-0 048 (-0 077 

to -0 022) 0 0E+00 0 000E+00

-0 009 (-

0 082 to 

0 068) 8 42E-01 8 420E-01 -0 095 9 872E-04 -0 3 1 616E-15
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kidney.trait.

position

kidney.trait.

type time.point.kidney.trait

source.omics1.

label

target.omics2.

label source.to.target omics1 type omics2.type

omics.asso.

type weight
kidney.trait

Mediation.direction

Proportion.

media(%)

X CKD kidney trait in S4 (as X) B2M CST3 B2M to CST3 Proteins eGFRbiom diftype 0.219 CKDcrcc S4 CKDcrcc S4 to B2M to CST3 65.81

X CKD kidney trait in S4 (as X) C1QBP CST3 C1QBP to CST3 Proteins eGFRbiom diftype -0.111 CKDcrcc S4 CKDcrcc S4 to C1QBP to CST3 30.41

X CKD kidney trait in S4 (as X) Creatinine C10:2

Creatinine to 

C10:2 Metabolites eGFRbiom diftype 0.053 CKDcrcc S4 CKDcrcc S4 to Creatinine to C10:2 46.07

X CKD kidney trait in S4 (as X) Creatinine C5 Creatinine to C5 Metabolites eGFRbiom diftype 0.063 CKDcrcc S4 CKDcrcc S4 to Creatinine to C5 52.11

X CKD kidney trait in S4 (as X) Creatinine IGFBP6

Creatinine to 

IGFBP6 Proteins eGFRbiom diftype 0.117 CKDcrcc S4

CKDcrcc S4 to Creatinine to 

IGFBP6 30.67

X CKD kidney trait in S4 (as X) CST3 B2M CST3 to B2M Proteins eGFRbiom diftype 0.219 CKDcrcc S4 CKDcrcc S4 to CST3 to B2M 74.14

X CKD kidney trait in S4 (as X) CST3 C10:2 CST3 to C10:2 Metabolites eGFRbiom diftype 0.031 CKDcrcc S4 CKDcrcc S4 to CST3 to C10:2 71.92

X CKD kidney trait in S4 (as X) CST3 C14:2 CST3 to C14:2 Metabolites eGFRbiom diftype 0.005 CKDcrcc S4 CKDcrcc S4 to CST3 to C14:2 63.78

X CKD kidney trait in S4 (as X) CST3 C1QBP CST3 to C1QBP Proteins eGFRbiom diftype -0.111 CKDcrcc S4 CKDcrcc S4 to CST3 to C1QBP 32.49

X CKD kidney trait in S4 (as X) CST3 C5 CST3 to C5 Metabolites eGFRbiom diftype 0.053 CKDcrcc S4 CKDcrcc S4 to CST3 to C5 39.87

X CKD kidney trait in S4 (as X) CST3 CTSH CST3 to CTSH Proteins eGFRbiom diftype 0.031 CKDcrcc S4 CKDcrcc S4 to CST3 to CTSH 59.8

X CKD kidney trait in S4 (as X) CST3 NBL1 CST3 to NBL1 Proteins eGFRbiom diftype 0.006 CKDcrcc S4 CKDcrcc S4 to CST3 to NBL1 32.51

X CKD kidney trait in S4 (as X) CTSH CST3 CTSH to CST3 Proteins eGFRbiom diftype 0.031 CKDcrcc S4 CKDcrcc S4 to CTSH to CST3 43.7

X CKD kidney trait in S4 (as X) IGFBP6 Creatinine

IGFBP6 to 

Creatinine Proteins eGFRbiom diftype 0.117 CKDcrcc S4

CKDcrcc S4 to IGFBP6 to 

Creatinine 31.63

X CKD kidney trait in S4 (as X) NBL1 CST3 NBL1 to CST3 Proteins eGFRbiom diftype 0.006 CKDcrcc S4 CKDcrcc S4 to NBL1 to CST3 49.05

X CKD kidney trait in S4 (as X) TNFRSF1A CST3

TNFRSF1A to 

CST3 Proteins eGFRbiom diftype 0.047 CKDcrcc S4 CKDcrcc S4 to TNFRSF1A to CST3 63.62

X eGFR kidney trait in S4 (as X) Creatinine C10:2

Creatinine to 

C10:2 Metabolites eGFRbiom diftype 0.053 eGFR S4 eGFR S4 to Creatinine to C10:2 35.98

X eGFR kidney trait in S4 (as X) Creatinine C5 Creatinine to C5 Metabolites eGFRbiom diftype 0.063 eGFR S4 eGFR S4 to Creatinine to C5 99.34

X eGFR kidney trait in S4 (as X) Creatinine IGFBP6

Creatinine to 

IGFBP6 Proteins eGFRbiom diftype 0.117 eGFR S4 eGFR S4 to Creatinine to IGFBP6 25.63

X eGFR kidney trait in S4 (as X) Creatinine JAM2

Creatinine to 

JAM2 Proteins eGFRbiom diftype 0.086 eGFR S4 eGFR S4 to Creatinine to JAM2 47.05

X eGFR kidney trait in S4 (as X) Creatinine RELT

Creatinine to 

RELT Proteins eGFRbiom diftype 0.013 eGFR S4 eGFR S4 to Creatinine to RELT 33.98

X eGFR kidney trait in S4 (as X) CST3 B2M CST3 to B2M Proteins eGFRbiom diftype 0.219 eGFR S4 eGFR S4 to CST3 to B2M 78.82

X eGFR kidney trait in S4 (as X) CST3 C10:2 CST3 to C10:2 Metabolites eGFRbiom diftype 0.031 eGFR S4 eGFR S4 to CST3 to C10:2 73.02

X eGFR kidney trait in S4 (as X) CST3 C12 CST3 to C12 Metabolites eGFRbiom diftype 0.001 eGFR S4 eGFR S4 to CST3 to C12 41.7

X eGFR kidney trait in S4 (as X) CST3 C14:1‐OH

CST3 to 

C14:1‐OH Metabolites eGFRbiom diftype 0.006 eGFR S4 eGFR S4 to CST3 to C14:1‐OH 65.48

X eGFR kidney trait in S4 (as X) CST3 C14:2 CST3 to C14:2 Metabolites eGFRbiom diftype 0.005 eGFR S4 eGFR S4 to CST3 to C14:2 36.81

X eGFR kidney trait in S4 (as X) CST3 C1QBP CST3 to C1QBP Proteins eGFRbiom diftype -0.111 eGFR S4 eGFR S4 to CST3 to C1QBP 82.63

X eGFR kidney trait in S4 (as X) CST3 C5 CST3 to C5 Metabolites eGFRbiom diftype 0.053 eGFR S4 eGFR S4 to CST3 to C5 79.4
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X eGFR kidney trait in S4 (as X) CST3 C6(C4:1‐DC)

CST3 to 

C6(C4:1‐DC) Metabolites eGFRbiom diftype 0.015 eGFR S4 eGFR S4 to CST3 to C6(C4:1‐DC) 65.48

X eGFR kidney trait in S4 (as X) CST3 CTSH CST3 to CTSH Proteins eGFRbiom diftype 0.031 eGFR S4 eGFR S4 to CST3 to CTSH 97.97

X eGFR kidney trait in S4 (as X) CST3 ERP29 CST3 to ERP29 Proteins eGFRbiom diftype 0.015 eGFR S4 eGFR S4 to CST3 to ERP29 66.63

X eGFR kidney trait in S4 (as X) CST3 NBL1 CST3 to NBL1 Proteins eGFRbiom diftype 0.006 eGFR S4 eGFR S4 to CST3 to NBL1 89.47

X eGFR kidney trait in S4 (as X) CST3 RELT CST3 to RELT Proteins eGFRbiom diftype 0.104 eGFR S4 eGFR S4 to CST3 to RELT 73.6

X eGFR kidney trait in S4 (as X) CST3 SPOCK2 CST3 to SPOCK2 Proteins eGFRbiom diftype -0.029 eGFR S4 eGFR S4 to CST3 to SPOCK2 59.74

X eGFR kidney trait in S4 (as X) CST3 TNFRSF1A

CST3 to 

TNFRSF1A Proteins eGFRbiom diftype 0.047 eGFR S4 eGFR S4 to CST3 to TNFRSF1A 84.51

X eGFR kidney trait in S4 (as X) EGFR CST3 EGFR to CST3 Proteins eGFRbiom diftype -0.06 eGFR S4 eGFR S4 to EGFR to CST3 16.11

X eGFR kidney trait in S4 (as X) IGFBP6 Creatinine

IGFBP6 to 

Creatinine Proteins eGFRbiom diftype 0.117 eGFR S4 eGFR S4 to IGFBP6 to Creatinine 18.07

X eGFR kidney trait in S4 (as X) RELT Creatinine

RELT to 

Creatinine Proteins eGFRbiom diftype 0.013 eGFR S4 eGFR S4 to RELT to Creatinine 19.74

M eGFR kidney trait in F4 ABCB1 CST3 ABCB1 to CST3 RNAs eGFRbiom diftype -0.024 eGFR F4 ABCB1 to eGFR F4 to CST3 80.14

M eGFR kidney trait in F4 C10:2 Creatinine

C10:2 to 

Creatinine Metabolites eGFRbiom diftype 0.053
eGFR F4

C10:2 to eGFR F4 to Creatinine 97.8

M eGFR kidney trait in F4 C10:2 CST3 C10:2 to CST3 Metabolites eGFRbiom diftype 0.031 eGFR F4 C10:2 to eGFR F4 to CST3 93.33

M eGFR kidney trait in F4 C5 Creatinine C5 to Creatinine Metabolites eGFRbiom diftype 0.063 eGFR F4 C5 to eGFR F4 to Creatinine 97.77

M eGFR kidney trait in F4 C5 CST3 C5 to CST3 Metabolites eGFRbiom diftype 0.053 eGFR F4 C5 to eGFR F4 to CST3 97.96

M eGFR kidney trait in F4 CGA LHB CST3

CGA LHB to 

CST3 Proteins eGFRbiom diftype 0.043
eGFR F4

CGA LHB to eGFR F4 to CST3 89.94

M eGFR kidney trait in F4 Creatinine C10:2

Creatinine to 

C10:2 Metabolites eGFRbiom diftype 0.053
eGFR F4

Creatinine to eGFR F4 to C10:2 92.45

M eGFR kidney trait in F4 Creatinine C5 Creatinine to C5 Metabolites eGFRbiom diftype 0.063 eGFR F4 Creatinine to eGFR F4 to C5 92.2

M eGFR kidney trait in F4 Creatinine IGFBP6

Creatinine to 

IGFBP6 Proteins eGFRbiom diftype 0.117
eGFR F4

Creatinine to eGFR F4 to IGFBP6 91.72

M eGFR kidney trait in F4 CST3 C5 CST3 to C5 Metabolites eGFRbiom diftype 0.053 eGFR F4 CST3 to eGFR F4 to C5 90.46

M eGFR kidney trait in F4 CST3 IGFBP6 CST3 to IGFBP6 Proteins eGFRbiom diftype -0.011 eGFR F4 CST3 to eGFR F4 to IGFBP6 90.19

M eGFR kidney trait in F4 DUSP11 Creatinine

DUSP11 to 

Creatinine RNAs eGFRbiom diftype -0.069
eGFR F4

DUSP11 to eGFR F4 to Creatinine 86.31

M eGFR kidney trait in F4 DUSP11 CST3 DUSP11 to CST3 RNAs eGFRbiom diftype -0.044 eGFR F4 DUSP11 to eGFR F4 to CST3 88.78

M eGFR kidney trait in F4 ERP29 CST3 ERP29 to CST3 Proteins eGFRbiom diftype 0.015 eGFR F4 ERP29 to eGFR F4 to CST3 89.32

M eGFR kidney trait in F4 IGFBP6 Creatinine

IGFBP6 to 

Creatinine Proteins eGFRbiom diftype 0.117
eGFR F4

IGFBP6 to eGFR F4 to Creatinine 96.68

M eGFR kidney trait in F4 IGFBP6 CST3 IGFBP6 to CST3 Proteins eGFRbiom diftype -0.011 eGFR F4 IGFBP6 to eGFR F4 to CST3 97.17

M eGFR kidney trait in F4 JAM2 Creatinine

JAM2 to 

Creatinine Proteins eGFRbiom diftype 0.086
eGFR F4

JAM2 to eGFR F4 to Creatinine 88.21
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M UACR kidney trait in F4 EGFR Urine albumin

EGFR to Urine 

albumin Proteins UACRbiom diftype -0.046
UACR F4

EGFR to UACR F4 to Urine albumin 86.19

M UACR kidney trait in F4 ERP29 Urine albumin

ERP29 to Urine 

albumin Proteins UACRbiom diftype 0.082
UACR F4

ERP29 to UACR F4 to Urine 

albumin 83.85

M UACR kidney trait in F4 LYSMD2 Urine albumin

LYSMD2 to 

Urine albumin CpGs UACRbiom diftype -0.125
UACR F4

LYSMD2 to UACR F4 to Urine 

albumin 83.67

M UACR kidney trait in F4 MCM3 Urine albumin

MCM3 to Urine 

albumin RNAs UACRbiom diftype -0.093
UACR F4

MCM3 to UACR F4 to Urine 

albumin 96.67

X CKD kidney trait in F4 ACY1 Tyr ACY1 to Tyr Metabolites Proteins diftype 0.126 CKD F4 CKD F4 to ACY1 to Tyr 27.71

X CKD kidney trait in F4 Creatinine DUSP11

Creatinine to 

DUSP11 RNAs eGFRbiom diftype -0.069 CKD F4 CKD F4 to Creatinine to DUSP11 47.94

X CKD kidney trait in F4 Creatinine JAM2

Creatinine to 

JAM2 Proteins eGFRbiom diftype 0.086 CKD F4 CKD F4 to Creatinine to JAM2 51.14

X CKD kidney trait in F4 CST3 C12 CST3 to C12 Metabolites eGFRbiom diftype 0.001 CKD F4 CKD F4 to CST3 to C12 83.85

X CKD kidney trait in F4 CST3 DUSP11 CST3 to DUSP11 RNAs eGFRbiom diftype -0.044 CKD F4 CKD F4 to CST3 to DUSP11 52.71

X CKD kidney trait in F4 CST3 IGFBP6 CST3 to IGFBP6 Proteins eGFRbiom diftype -0.011 CKD F4 CKD F4 to CST3 to IGFBP6 66.16

X CKD kidney trait in F4 CST3 RELT CST3 to RELT Proteins eGFRbiom diftype 0.104 CKD F4 CKD F4 to CST3 to RELT 77.33

X CKD kidney trait in F4 CST3 RETN CST3 to RETN Proteins eGFRbiom diftype 0.012 CKD F4 CKD F4 to CST3 to RETN 54.55

X CKD kidney trait in F4 IGFBP2 Tyr IGFBP2 to Tyr Metabolites Proteins diftype -0.152 CKD F4 CKD F4 to IGFBP2 to Tyr 28.36

X CKD kidney trait in F4 PLAT Tyr PLAT to Tyr Metabolites Proteins diftype 0.134 CKD F4 CKD F4 to PLAT to Tyr 26.95

X CKD kidney trait in F4 RETN C10:2 RETN to C10:2 Metabolites Proteins diftype 0.066 CKD F4 CKD F4 to RETN to C10:2 46.27

X CKD kidney trait in F4 SLC22A4 IL19 SLC22A4 to IL19 RNAs Proteins diftype -0.086 CKD F4 CKD F4 to SLC22A4 to IL19 55.22

X CKD kidney trait in F4 Urine albumin C18:1

Urine albumin to 

C18:1 Metabolites UACRbiom diftype 0.055 CKD F4 CKD F4 to Urine albumin to C18:1 68.37

X CKD kidney trait in F4 Urine albumin MCM3

Urine albumin to 

MCM3 RNAs UACRbiom diftype -0.093 CKD F4 CKD F4 to Urine albumin to MCM3 41.78

X eGFR kidney trait in F4 BMP1 C18:1 BMP1 to C18:1 Metabolites Proteins diftype -0.033 eGFR F4 eGFR F4 to BMP1 to C18:1 37.83

X eGFR kidney trait in F4 EGFR C16 EGFR to C16 Metabolites Proteins diftype -0.028 eGFR F4 eGFR F4 to EGFR to C16 68.79

X eGFR kidney trait in F4 EGFR C18:1 EGFR to C18:1 Metabolites Proteins diftype -0.017 eGFR F4 eGFR F4 to EGFR to C18:1 91.01

X eGFR kidney trait in F4 GHR C18:1 GHR to C18:1 Metabolites Proteins diftype -0.01 eGFR F4 eGFR F4 to GHR to C18:1 40.7

X eGFR kidney trait in F4 IGFBP2 C18:1 IGFBP2 to C18:1 Metabolites Proteins diftype 0.059 eGFR F4 eGFR F4 to IGFBP2 to C18:1 43.85

X UACR kidney trait in F4 EGFR C18:1 EGFR to C18:1 Metabolites Proteins diftype -0.017 UACR F4 UACR F4 to EGFR to C18:1 82.8

X UACR kidney trait in F4 GHR C18:1 GHR to C18:1 Metabolites Proteins diftype -0.01 UACR F4 UACR F4 to GHR to C18:1 47.99

X UACR kidney trait in F4 IGFBP2 C18:1 IGFBP2 to C18:1 Metabolites Proteins diftype 0.059 UACR F4 UACR F4 to IGFBP2 to C18:1 42.9

Y CKD kidney trait in F4 C10:2 Creatinine

C10:2 to 

Creatinine Metabolites eGFRbiom diftype 0.053 CKD F4 C10:2 to Creatinine to CKD F4 71.72
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Y CKD kidney trait in F4 C10:2 CST3 C10:2 to CST3 Metabolites eGFRbiom diftype 0.031 CKD F4 C10:2 to CST3 to CKD F4 94.82

Y CKD kidney trait in F4 C14:2 CST3 C14:2 to CST3 Metabolites eGFRbiom diftype 0.005 CKD F4 C14:2 to CST3 to CKD F4 84.4

Y CKD kidney trait in F4 C5 Creatinine C5 to Creatinine Metabolites eGFRbiom diftype 0.063 CKD F4 C5 to Creatinine to CKD F4 74.28

Y CKD kidney trait in F4 C5 CST3 C5 to CST3 Metabolites eGFRbiom diftype 0.053 CKD F4 C5 to CST3 to CKD F4 89.08

Y CKD kidney trait in F4 CTSH CST3 CTSH to CST3 Proteins eGFRbiom diftype 0.031 CKD F4 CTSH to CST3 to CKD F4 89.7

Y CKD kidney trait in F4 DUSP11 Creatinine

DUSP11 to 

Creatinine RNAs eGFRbiom diftype -0.069 CKD F4 DUSP11 to Creatinine to CKD F4 56.17

Y CKD kidney trait in F4 DUSP11 CST3 DUSP11 to CST3 RNAs eGFRbiom diftype -0.044 CKD F4 DUSP11 to CST3 to CKD F4 63.68

Y CKD kidney trait in F4 IGFBP6 CST3 IGFBP6 to CST3 Proteins eGFRbiom diftype -0.011 CKD F4 IGFBP6 to CST3 to CKD F4 72.35

Y CKD kidney trait in F4 IL19 SLC22A4 IL19 to SLC22A4 RNAs Proteins diftype -0.086 CKD F4 IL19 to SLC22A4 to CKD F4 54.1

Y CKD kidney trait in F4 JAM2 Creatinine

JAM2 to 

Creatinine Proteins eGFRbiom diftype 0.086 CKD F4 JAM2 to Creatinine to CKD F4 56.32

Y CKD kidney trait in F4 MCM3 Urine albumin

MCM3 to Urine 

albumin RNAs UACRbiom diftype -0.093 CKD F4 MCM3 to Urine albumin to CKD F4 47.35

Y CKD kidney trait in F4 RELT CST3 RELT to CST3 Proteins eGFRbiom diftype 0.104 CKD F4 RELT to CST3 to CKD F4 95.73

Y CKD kidney trait in F4 RETN CST3 RETN to CST3 Proteins eGFRbiom diftype 0.012 CKD F4 RETN to CST3 to CKD F4 64

Y CKD kidney trait in F4 TTF2 Creatinine

TTF2 to 

Creatinine RNAs eGFRbiom diftype -0.078 CKD F4 TTF2 to Creatinine to CKD F4 48.16

Y CKD kidney trait in F4 Tyr SPOCK2 Tyr to SPOCK2 Metabolites Proteins diftype 0.082 CKD F4 Tyr to SPOCK2 to CKD F4 25.15

Y eGFR kidney trait in F4 C1QBP CST3 C1QBP to CST3 Proteins eGFRbiom diftype -0.111 eGFR F4 C1QBP to CST3 to eGFR F4 88.57

Y eGFR kidney trait in F4 DUSP11 Creatinine

DUSP11 to 

Creatinine RNAs eGFRbiom diftype -0.069
eGFR F4

DUSP11 to Creatinine to eGFR F4 85.34

Y eGFR kidney trait in F4 DUSP11 CST3 DUSP11 to CST3 RNAs eGFRbiom diftype -0.044 eGFR F4 DUSP11 to CST3 to eGFR F4 91.76

Y eGFR kidney trait in F4 TTF2 Creatinine

TTF2 to 

Creatinine RNAs eGFRbiom diftype -0.078
eGFR F4

TTF2 to Creatinine to eGFR F4 97.81

Y UACR kidney trait in F4 C18:1 EGFR C18:1 to EGFR Metabolites Proteins diftype -0.017 UACR F4 C18:1 to EGFR to UACR F4 82.68

Y UACR kidney trait in F4 C18:1 GHR C18:1 to GHR Metabolites Proteins diftype -0.01 UACR F4 C18:1 to GHR to UACR F4 47.39

Y UACR kidney trait in F4 ERP29 Urine albumin

ERP29 to Urine 

albumin Proteins UACRbiom diftype 0.082
UACR F4

ERP29 to Urine albumin to UACR 

F4 80.78

Y UACR kidney trait in F4 LYSMD2 Urine albumin

LYSMD2 to 

Urine albumin CpGs UACRbiom diftype -0.125
UACR F4

LYSMD2 to Urine albumin to UACR 

F4 83.25

Y CKD kidney trait in FF4 (as Y) C12 CST3 C12 to CST3 Metabolites eGFRbiom diftype 0.001 CKD FF4 C12 to CST3 to incident CKD 51.87

Y CKD kidney trait in FF4 (as Y) C12 EGFR C12 to EGFR Metabolites Proteins diftype -0.015 CKD FF4 C12 to EGFR to incident CKD 19.04

Y CKD kidney trait in FF4 (as Y) C18:1 EGFR C18:1 to EGFR Metabolites Proteins diftype -0.017 CKD FF4 C18:1 to EGFR to incident CKD 27.29

Y CKD kidney trait in FF4 (as Y) C18:1 GHR C18:1 to GHR Metabolites Proteins diftype -0.01 CKD FF4 C18:1 to GHR to incident CKD 35.18
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Y CKD kidney trait in FF4 (as Y) C18:1 Urine albumin

C18:1 to Urine 

albumin Metabolites UACRbiom diftype 0.055
CKD FF4

C18:1 to Urine albumin to incident 

CKD 20.65

Y CKD kidney trait in FF4 (as Y) EGFR CST3 EGFR to CST3 Proteins eGFRbiom diftype -0.06 CKD FF4 EGFR to CST3 to incident CKD 58.56

Y eGFR kidney trait in FF4 (as Y) B2M CST3 B2M to CST3 Proteins eGFRbiom diftype 0.219 eGFR FF4 B2M to CST3 to Follow-up eGFR 77.55

Y eGFR kidney trait in FF4 (as Y) C10:2 Creatinine

C10:2 to 

Creatinine Metabolites eGFRbiom diftype 0.053 eGFR FF4

C10:2 to Creatinine to Follow-up 

eGFR 73.6

Y eGFR kidney trait in FF4 (as Y) C10:2 CST3 C10:2 to CST3 Metabolites eGFRbiom diftype 0.031 eGFR FF4 C10:2 to CST3 to Follow-up eGFR 81.51

Y eGFR kidney trait in FF4 (as Y) C10:2 RETN C10:2 to RETN Metabolites Proteins diftype 0.066 eGFR FF4 C10:2 to RETN to Follow-up eGFR 23.96

Y eGFR kidney trait in FF4 (as Y) C12 CST3 C12 to CST3 Metabolites eGFRbiom diftype 0.001 eGFR FF4 C12 to CST3 to Follow-up eGFR 75.89

Y eGFR kidney trait in FF4 (as Y) C12 EGFR C12 to EGFR Metabolites Proteins diftype -0.015 eGFR FF4 C12 to EGFR to Follow-up eGFR 28.7

Y eGFR kidney trait in FF4 (as Y) C14:1‐OH B2M

C14:1‐OH to 

B2M Metabolites Proteins diftype 0.012 eGFR FF4

C14:1‐OH to B2M to Follow-up 

eGFR 54.55

Y eGFR kidney trait in FF4 (as Y) C14:1‐OH CST3

C14:1‐OH to 

CST3 Metabolites eGFRbiom diftype 0.006 eGFR FF4

C14:1‐OH to CST3 to Follow-up 

eGFR 89.91

Y eGFR kidney trait in FF4 (as Y) C14:2 CST3 C14:2 to CST3 Metabolites eGFRbiom diftype 0.005 eGFR FF4 C14:2 to CST3 to Follow-up eGFR 87.39

Y eGFR kidney trait in FF4 (as Y) C16 EGFR C16 to EGFR Metabolites Proteins diftype -0.028 eGFR FF4 C16 to EGFR to Follow-up eGFR 60.35

Y eGFR kidney trait in FF4 (as Y) C18:1 BMP1 C18:1 to BMP1 Metabolites Proteins diftype -0.033 eGFR FF4 C18:1 to BMP1 to Follow-up eGFR 29.04

Y eGFR kidney trait in FF4 (as Y) C18:1 EGFR C18:1 to EGFR Metabolites Proteins diftype -0.017 eGFR FF4 C18:1 to EGFR to Follow-up eGFR 49.8

Y eGFR kidney trait in FF4 (as Y) C18:1 GHR C18:1 to GHR Metabolites Proteins diftype -0.01 eGFR FF4 C18:1 to GHR to Follow-up eGFR 29.49

Y eGFR kidney trait in FF4 (as Y) C18:1 IGFBP2 C18:1 to IGFBP2 Metabolites Proteins diftype 0.059 eGFR FF4

C18:1 to IGFBP2 to Follow-up 

eGFR 40.91

Y eGFR kidney trait in FF4 (as Y) C5 Creatinine C5 to Creatinine Metabolites eGFRbiom diftype 0.063 eGFR FF4 C5 to Creatinine to Follow-up eGFR 60.36

Y eGFR kidney trait in FF4 (as Y) C5 CST3 C5 to CST3 Metabolites eGFRbiom diftype 0.053 eGFR FF4 C5 to CST3 to Follow-up eGFR 74.32

Y eGFR kidney trait in FF4 (as Y) C6(C4:1‐DC) CST3

C6(C4:1‐DC) to 

CST3 Metabolites eGFRbiom diftype 0.015 eGFR FF4

C6(C4:1‐DC) to CST3 to Follow-up 

eGFR 81.21

Y eGFR kidney trait in FF4 (as Y) CGA LHB CST3

CGA LHB to 

CST3 Proteins eGFRbiom diftype 0.043 eGFR FF4

CGA LHB to CST3 to Follow-up 

eGFR 75.02

Y eGFR kidney trait in FF4 (as Y) CTSH CST3 CTSH to CST3 Proteins eGFRbiom diftype 0.031 eGFR FF4 CTSH to CST3 to Follow-up eGFR 72.55

Y eGFR kidney trait in FF4 (as Y) CTSV CST3 CTSV to CST3 Proteins eGFRbiom diftype -0.066 eGFR FF4 CTSV to CST3 to Follow-up eGFR 69.65

Y eGFR kidney trait in FF4 (as Y) EGFR CST3 EGFR to CST3 Proteins eGFRbiom diftype -0.06 eGFR FF4 EGFR to CST3 to Follow-up eGFR 81.7

Y eGFR kidney trait in FF4 (as Y) ERP29 CST3 ERP29 to CST3 Proteins eGFRbiom diftype 0.015 eGFR FF4 ERP29 to CST3 to Follow-up eGFR 62.86

Y eGFR kidney trait in FF4 (as Y) IGFBP6 Creatinine

IGFBP6 to 

Creatinine Proteins eGFRbiom diftype 0.117 eGFR FF4

IGFBP6 to Creatinine to Follow-up 

eGFR 45.56

Y eGFR kidney trait in FF4 (as Y) IGFBP6 CST3 IGFBP6 to CST3 Proteins eGFRbiom diftype -0.011 eGFR FF4

IGFBP6 to CST3 to Follow-up 

eGFR 57.21

Y eGFR kidney trait in FF4 (as Y) JAM2 Creatinine

JAM2 to 

Creatinine Proteins eGFRbiom diftype 0.086 eGFR FF4

JAM2 to Creatinine to Follow-up 

eGFR 56.6
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Supplementary Table 21. Associations between GPSeGFR and replicated candidates in hyperglycemia. 

Regression coefficients with 95% CI, P-values and FDR of GPSeGFR with 64 replicated omics candidates using multivariable linear regression models in hyperglycemic individuals 

of KORA F4 are shown, respectively. Regression model was adjusted for age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total cholesterol, HDL cholesterol, 

fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication. FDR shown in bold represents statistical significance at 0.05 level. FDR was calculated 

for each omics type. 

Abbreviations: GPSeGFR, genome-wide polygenic score of eGFR values; eGFR, estimated glomerular filtration rate. 

Y eGFR kidney trait in FF4 (as Y) NBL1 CST3 NBL1 to CST3 Proteins eGFRbiom diftype 0.006 eGFR FF4 NBL1 to CST3 to Follow-up eGFR 63.42

Y eGFR kidney trait in FF4 (as Y) PC aa C38:0 CTSH

PC aa C38:0 to 

CTSH Proteins Metabolites diftype 0.093 eGFRcr FF4

PC aa C38:0 to CTSH to Follow-up 

eGFRcr 84.35

Y eGFR kidney trait in FF4 (as Y) RELT Creatinine

RELT to 

Creatinine Proteins eGFRbiom diftype 0.013 eGFR FF4

RELT to Creatinine to Follow-up 

eGFR 39.38

Y eGFR kidney trait in FF4 (as Y) RELT CST3 RELT to CST3 Proteins eGFRbiom diftype 0.104 eGFR FF4 RELT to CST3 to Follow-up eGFR 59.83

Y eGFR kidney trait in FF4 (as Y) RETN CST3 RETN to CST3 Proteins eGFRbiom diftype 0.012 eGFR FF4 RETN to CST3 to Follow-up eGFR 60.61

Y eGFR kidney trait in FF4 (as Y) SPOCK2 CST3 SPOCK2 to CST3 Proteins eGFRbiom diftype -0.029 eGFR FF4

SPOCK2 to CST3 to Follow-up 

eGFR 74.88

Y eGFR kidney trait in FF4 (as Y) TNFRSF1A CST3

TNFRSF1A to 

CST3 Proteins eGFRbiom diftype 0.047 eGFR FF4

TNFRSF1A to CST3 to Follow-up 

eGFR 59.6

Y eGFR kidney trait in FF4 (as Y) Tyr ACY1 Tyr to ACY1 Metabolites Proteins diftype 0.126 eGFR FF4 Tyr to ACY1 to Follow-up eGFR 41.93

Y eGFR kidney trait in FF4 (as Y) Tyr IGFBP2 Tyr to IGFBP2 Metabolites Proteins diftype -0 152 eGFR FF4 Tyr to IGFBP2 to Follow-up eGFR 68.13

Y eGFR kidney trait in FF4 (as Y) Tyr SPOCK2 Tyr to SPOCK2 Metabolites Proteins diftype 0.082 eGFR FF4 Tyr to SPOCK2 to Follow-up eGFR 52.45

Y UACR kidney trait in FF4 (as Y) EGFR Urine albumin

EGFR to Urine 

albumin Proteins UACRbiom diftype -0.046 UACR FF4

EGFR to Urine albumin to Follow-

up UACR 51.06

Y UACR kidney trait in FF4 (as Y) MCM3 Urine albumin

MCM3 to Urine 

albumin RNAs UACRbiom diftype -0.093 UACR FF4

MCM3 to Urine albumin to Follow-

up UACR 59.88

Y UACR kidney trait in FF4 (as Y) SLC22A4 Urine albumin

SLC22A4 to 

Urine albumin RNAs UACRbiom diftype 0.09 UACR FF4

SLC22A4 to Urine albumin to 

Follow-up UACR 35.46
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X omics.label Estimate (95%) p-value FDR

GPS C10:2 -0.089 (-0.143 to -0.035) 1.337E-03 1.216E-02

GPS TNFRSF1A -0.144 (-0.231 to -0.057) 1.176E-03 1.216E-02

GPS NBL1 -0.149 (-0.235 to -0.062) 7.709E-04 1.216E-02

GPS C14:1 -0.023 (-0.078 to 0.032) 4.074E-01 6.063E-01

GPS JAM2 -0.152 (-0.245 to -0.059) 1.350E-03 1.216E-02

GPS C14:2 -0.061 (-0.113 to -0.009) 2.212E-02 6.599E-02

GPS C16 0.006 (-0.045 to 0.058) 8.045E-01 8.727E-01

GPS C18:1 -0.001 (-0.053 to 0.051) 9.741E-01 9.741E-01

GPS C2 -0.019 (-0.07 to 0.033) 4.835E-01 6.727E-01

GPS C6(C4:1‐DC) -0.051 (-0.102 to 0) 4.824E-02 1.188E-01

GPS C5 -0.039 (-0.089 to 0.011) 1.270E-01 2.390E-01

GPS ADAMTS13 0.143 (0.055 to 0.23) 1.520E-03 1.216E-02

GPS C8:1 -0.043 (-0.097 to 0.011) 1.211E-01 2.363E-01

GPS LYSMD2 -0.007 (-0.073 to 0.058) 8.244E-01 8.794E-01

GPS NAPA -0.001 (-0.068 to 0.065) 9.660E-01 9.741E-01

GPS SLC22A4 -0.063 (-0.144 to 0.017) 1.218E-01 2.363E-01

GPS TFE3 -0.034 (-0.116 to 0.049) 4.209E-01 6.088E-01

GPS Tyr 0.045 (-0.009 to 0.098) 9.949E-02 2.054E-01

GPS PLAT 0.009 (-0.058 to 0.077) 7.875E-01 8.689E-01

GPS C12 -0.08 (-0.131 to -0.03) 1.939E-03 1.379E-02

GPS EFNA5 -0.095 (-0.18 to -0.009) 2.958E-02 7.888E-02

GPS ERBB3 0.023 (-0.057 to 0.103) 5.776E-01 7.249E-01

GPS LAYN -0.076 (-0.162 to 0.01) 8.443E-02 1.930E-01

GPS C8 -0.08 (-0.132 to -0.027) 2.911E-03 1.863E-02

GPS EGFR -0.003 (-0.08 to 0.075) 9.457E-01 9.741E-01

GPS C10 -0.074 (-0.126 to -0.023) 4.600E-03 2.676E-02

GPS FGF20 0.064 (-0.029 to 0.156) 1.793E-01 3.101E-01

GPS FGF9 0.046 (-0.036 to 0.128) 2.662E-01 4.156E-01

GPS RETN -0.124 (-0.214 to -0.034) 7.090E-03 3.464E-02

GPS GHR 0.03 (-0.044 to 0.103) 4.281E-01 6.088E-01

GPS CGA LHB -0.015 (-0.063 to 0.033) 5.519E-01 7.209E-01

GPS ESAM -0.101 (-0.187 to -0.015) 2.159E-02 6.599E-02

GPS B2M -0.116 (-0.201 to -0.032) 7.033E-03 3.464E-02

GPS CLEC4M 0.006 (-0.083 to 0.095) 8.920E-01 9.359E-01

GPS IL19 0.058 (-0.031 to 0.147) 1.992E-01 3.355E-01

GPS SCARF1 -0.127 (-0.22 to -0.034) 7.578E-03 3.464E-02

GPS TNFRSF1B -0.091 (-0.179 to -0.003) 4.289E-02 1.098E-01

GPS C14:1‐OH -0.069 (-0.122 to -0.016) 1.042E-02 4.357E-02

GPS RET -0.017 (-0.101 to 0.068) 6.959E-01 8.098E-01
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Supplementary Table 22. Mediation results among GPSeGFR and its associated candidates 

and kidney traits in hyperglycemia. 

The mediation proportion (%), average mediating effect with 95% CI, P-values and FDR, average direct effect with 

95% CI, P-values and FDR of each mediating triangle including GPSeGFR, GPSeGFR associated candidate and kidney 

trait in a nonparametric causal mediation analysis are shown, respectively.  Each mediation analysis was adjusted for 

age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total cholesterol, HDL cholesterol, fasting glu-

cose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication. FDR of mediating effect and direct 

effect were calculated for each kidney trait. 

Abbreviations: GPSeGFR, genome-wide polygenic score of eGFR values; CKD, chronic kidney disease; eGFR, esti-

mated glomerular filtration rate; CKDcrcc, eGFR-based CKD that was defined as eGFR < 60 ml/min/1.73 m2. 

GPS ACY1 0.019 (-0.054 to 0.092) 6.050E-01 7.446E-01

GPS CTSV 0.066 (-0.011 to 0.142) 9.246E-02 1.972E-01

GPS IGFBP6 -0.1 (-0.178 to -0.023) 1.089E-02 4.357E-02

GPS ERP29 -0.101 (-0.18 to -0.022) 1.277E-02 4.809E-02

GPS MASP1 0.032 (-0.06 to 0.125) 4.949E-01 6.739E-01

GPS KDR -0.016 (-0.104 to 0.073) 7.301E-01 8.331E-01

GPS IGF2R 0.024 (-0.059 to 0.107) 5.648E-01 7.229E-01

GPS PLG 0.046 (-0.04 to 0.133) 2.920E-01 4.449E-01

GPS CTSH -0.046 (-0.128 to 0.035) 2.657E-01 4.156E-01

GPS PAPPA -0.057 (-0.148 to 0.034) 2.157E-01 3.540E-01

GPS TFF3 -0.072 (-0.156 to 0.011) 9.046E-02 1.972E-01

GPS EPHA2 -0.105 (-0.191 to -0.018) 1.829E-02 6.162E-02

GPS NTRK2 0.023 (-0.068 to 0.113) 6.239E-01 7.534E-01

GPS AMH 0.029 (-0.057 to 0.115) 5.076E-01 6.768E-01

GPS MMP1 -0.102 (-0.19 to -0.014) 2.372E-02 6.599E-02

GPS FSTL3 -0.107 (-0.192 to -0.022) 1.395E-02 4.960E-02

GPS SOD2 0.063 (-0.022 to 0.149) 1.439E-01 2.558E-01

GPS NOTCH1 0.014 (-0.07 to 0.098) 7.420E-01 8.331E-01

GPS CST3 -0.144 (-0.221 to -0.067) 2.533E-04 9.283E-03

GPS RELT -0.151 (-0.234 to -0.068) 4.048E-04 9.283E-03

GPS TNFRSF19 -0.085 (-0.179 to 0.009) 7.531E-02 1.785E-01

GPS HAVCR2 -0.06 (-0.139 to 0.019) 1.363E-01 2.493E-01

GPS UNC5C -0.097 (-0.18 to -0.014) 2.276E-02 6.599E-02

GPS LEPR 0.019 (-0.066 to 0.105) 6.575E-01 7.793E-01

GPS SPOCK2 0.16 (0.071 to 0.249) 4.352E-04 9.283E-03
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X omics.label omics.type kidney.trait

kidney.t

rait.posit

ion Mediation.direction.label1 Mediation.direction.label2 time.point.kidney.trait

Propotion.

media(%)

Avg.media_95

CI Avg.media.p Avg.media.fdr

Avg.direct_95

CI Avg.direct.p Avg.direct.fdr

GPS C10 Metabolites eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to C10 kidney trait in S4 (as M) 68 87

-0 073 (-0 122 

to -0 028) 4 00E-03 5 333E-03

-0 033 (-0 122 

to 0 05) 4 48E-01 8 896E-01

GPS C10 Metabolites eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to C10 kidney trait in F4 103 35

-0 077 (-0 101 

to -0 055) 0 00E+00 0 000E+00

0 002 (-0 054 to 

0 06) 8 84E-01 9 614E-01

Y eGFR F4 (bidirection) GPS to C10 to eGFR F4 kidney trait in F4 4 16

0 011 (0 002 to 

0 02) 1 20E-02 1 234E-02

0 255 (0 216 to 

0 292) 0 00E+00 0 000E+00

GPS C10 Metabolites eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to C10 to Follow-up eGFR kidney trait in FF4 (as Y) 3 83

0 009 (0 to 

0 019) 6 40E-02 6 776E-02

0 226 (0 178 to 

0 271) 0 00E+00 0 000E+00

GPS C10 Metabolites CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to C10 kidney trait in F4 5 36

-0 004 (-0 016 

to 0 002) 1 36E-01 2 225E-01

-0 068 (-0 12 to 

-0 015) 6 00E-03 2 618E-02

Y CKD F4 (bidirection) GPS to C10 to CKD F4 kidney trait in F4 8 52

-0 002 (-0 005 

to 0) 1 60E-02 3 840E-02

-0 024 (-0 043 

to -0 002) 3 60E-02 6 171E-02

GPS C10:2 Metabolites eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to C10:2 kidney trait in S4 (as M) 121 49

-0 118 (-0 181 

to -0 059) 0 00E+00 0 000E+00

0 021 (-0 084 to 

0 124) 6 90E-01 9 748E-01

GPS C10:2 Metabolites eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to C10:2 kidney trait in F4 95 54

-0 085 (-0 109 

to -0 06) 0 00E+00 0 000E+00

-0 004 (-0 066 

to 0 055) 8 46E-01 9 614E-01

Y eGFR F4 (bidirection) GPS to C10:2 to eGFR F4 kidney trait in F4 4 93

0 013 (0 005 to 

0 022) 0 00E+00 0 000E+00

0 253 (0 215 to 

0 29) 0 00E+00 0 000E+00

GPS C10:2 Metabolites eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to C10:2 to Follow-up eGFR kidney trait in FF4 (as Y) 4 43

0 01 (0 003 to 

0 02) 4 00E-03 9 000E-03

0 225 (0 173 to 

0 271) 0 00E+00 0 000E+00

GPS C10:2 Metabolites CKDcrcc S4 M GPS->CKDcrcc S4->Candi GPS to CKDcrcc S4 to C10:2 kidney trait in S4 (as M) 15 77

-0 01 (-0 032 to 

-0 002) 6 00E-03 2 567E-02

-0 054 (-0 149 

to 0 034) 2 08E-01 2 912E-01

GPS C10:2 Metabolites CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to C10:2 kidney trait in F4 5 1

-0 004 (-0 017 

to 0 002) 1 36E-01 2 225E-01

-0 081 (-0 14 to 

-0 024) 8 00E-03 2 618E-02

Y CKD F4 (bidirection) GPS to C10:2 to CKD F4 kidney trait in F4 10 76

-0 003 (-0 006 

to -0 001) 0 00E+00 0 000E+00

-0 023 (-0 043 

to -0 002) 3 20E-02 6 063E-02

GPS C12 Metabolites eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to C12 kidney trait in S4 (as M) 47 38

-0 066 (-0 115 

to -0 02) 6 00E-03 7 385E-03

-0 074 (-0 169 

to 0 014) 1 10E-01 4 400E-01

GPS C12 Metabolites eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to C12 kidney trait in F4 97 67

-0 078 (-0 104 

to -0 054) 0 00E+00 0 000E+00

-0 002 (-0 054 

to 0 056) 9 38E-01 9 648E-01

Y eGFR F4 (bidirection) GPS to C12 to eGFR F4 kidney trait in F4 4 7

0 013 (0 004 to 

0 021) 0 00E+00 0 000E+00

0 254 (0 214 to 

0 291) 0 00E+00 0 000E+00

GPS C12 Metabolites eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to C12 to Follow-up eGFR kidney trait in FF4 (as Y) 4 89

0 011 (0 002 to 

0 023) 1 00E-02 1 800E-02

0 223 (0 173 to 

0 269) 0 00E+00 0 000E+00

GPS C12 Metabolites CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to C12 kidney trait in F4 5 66

-0 004 (-0 017 

to 0 002) 1 36E-01 2 225E-01

-0 072 (-0 121 

to -0 02) 8 00E-03 2 618E-02

Y CKD F4 (bidirection) GPS to C12 to CKD F4 kidney trait in F4 10 91

-0 003 (-0 006 

to -0 001) 2 00E-03 1 200E-02

-0 023 (-0 042 

to -0 001) 3 60E-02 6 171E-02

GPS C12 Metabolites CKD FF4 Y GPS->Candi->incident CKD GPS to C12 to incident CKD kidney trait in FF4 (as Y) 7 96

-0 003 (-0 007 

to 0) 4 20E-02 4 200E-02

-0 034 (-0 059 

to -0 006) 2 00E-02 2 000E-02

GPS C14:1‐OH Metabolites eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to C14:1‐OH kidney trait in S4 (as M) 122 27

-0 073 (-0 12 to 

-0 022) 4 00E-03 5 333E-03

0 013 (-0 088 to 

0 099) 7 92E-01 9 748E-01

GPS C14:1‐OH Metabolites eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to C14:1‐OH kidney trait in F4 112 37

-0 078 (-0 103 

to -0 053) 0 00E+00 0 000E+00

0 009 (-0 049 to 

0 065) 7 36E-01 9 434E-01

Y eGFR F4 (bidirection) GPS to C14:1‐OH to eGFR F4 kidney trait in F4 3 69

0 01 (0 002 to 

0 018) 8 00E-03 9 290E-03

0 256 (0 217 to 

0 294) 0 00E+00 0 000E+00

GPS C14:1‐OH Metabolites eGFR FF4 Y GPS->Candi->Follow-up eGFR

GPS to C14:1‐OH to Follow-up 

eGFR kidney trait in FF4 (as Y) 4 54

0 011 (0 002 to 

0 022) 1 60E-02 2 057E-02

0 224 (0 175 to 

0 27) 0 00E+00 0 000E+00
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GPS C14:1‐OH Metabolites CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to C14:1‐OH kidney trait in F4 7 82

-0 005 (-0 02 to 

0 002) 1 36E-01 2 225E-01

-0 06 (-0 114 to 

-0 009) 2 20E-02 4 950E-02

Y CKD F4 (bidirection) GPS to C14:1‐OH to CKD F4 kidney trait in F4 10 31

-0 003 (-0 006 

to -0 001) 8 00E-03 2 880E-02

-0 024 (-0 043 

to -0 003) 3 20E-02 6 063E-02

GPS C8 Metabolites eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to C8 kidney trait in S4 (as M) 50 44

-0 064 (-0 112 

to -0 018) 1 20E-02 1 280E-02

-0 063 (-0 15 to 

0 024) 1 50E-01 4 800E-01

GPS C8 Metabolites eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to C8 kidney trait in F4 91 89

-0 073 (-0 098 

to -0 051) 0 00E+00 0 000E+00

-0 006 (-0 066 

to 0 051) 8 74E-01 9 614E-01

Y eGFR F4 (bidirection) GPS to C8 to eGFR F4 kidney trait in F4 4 08

0 011 (0 003 to 

0 02) 1 00E-02 1 091E-02

0 255 (0 217 to 

0 294) 0 00E+00 0 000E+00

GPS C8 Metabolites eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to C8 to Follow-up eGFR kidney trait in FF4 (as Y) 3 13

0 007 (-0 002 to 

0 018) 1 16E-01 1 160E-01

0 228 (0 18 to 

0 273) 0 00E+00 0 000E+00

GPS C8 Metabolites CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to C8 kidney trait in F4 4 55

-0 003 (-0 015 

to 0 001) 1 44E-01 2 254E-01

-0 073 (-0 127 

to -0 018) 2 00E-03 1 800E-02

Y CKD F4 (bidirection) GPS to C8 to CKD F4 kidney trait in F4 7 37

-0 002 (-0 005 

to 0) 2 60E-02 5 506E-02

-0 024 (-0 043 

to -0 002) 3 20E-02 6 063E-02

GPS CST3 Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to CST3 kidney trait in S4 (as M) 175 04

-0 258 (-0 354 

to -0 173) 0 00E+00 0 000E+00

0 111 (-0 005 to 

0 225) 6 20E-02 4 267E-01

GPS CST3 Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to CST3 kidney trait in F4 152

-0 219 (-0 275 

to -0 164) 0 00E+00 0 000E+00

0 075 (0 022 to 

0 129) 1 00E-02 1 895E-02

Y eGFR F4 (bidirection) GPS to CST3 to eGFR F4 kidney trait in F4 32 69

0 075 (0 039 to 

0 111) 0 00E+00 0 000E+00

0 154 (0 11 to 

0 197) 0 00E+00 0 000E+00

GPS CST3 Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to CST3 to Follow-up eGFR kidney trait in FF4 (as Y) 30 24

0 07 (0 035 to 

0 108) 0 00E+00 0 000E+00

0 161 (0 114 to 

0 21) 0 00E+00 0 000E+00

GPS CST3 Proteins CKDcrcc S4 M GPS->CKDcrcc S4->Candi GPS to CKDcrcc S4 to CST3 kidney trait in S4 (as M) 18 42

-0 02 (-0 054 to 

0) 2 20E-02 2 567E-02

-0 087 (-0 223 

to 0 038) 1 88E-01 2 912E-01

GPS CST3 Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to CST3 kidney trait in F4 8 49

-0 011 (-0 056 

to 0 017) 3 18E-01 3 515E-01

-0 124 (-0 189 

to -0 056) 0 00E+00 0 000E+00

Y CKD F4 (bidirection) GPS to CST3 to CKD F4 kidney trait in F4 65 23

-0 011 (-0 018 

to -0 005) 0 00E+00 0 000E+00

-0 006 (-0 027 

to 0 021) 6 52E-01 6 520E-01

GPS CST3 Proteins CKD FF4 Y GPS->Candi->incident CKD GPS to CST3 to incident CKD kidney trait in FF4 (as Y) 16 45

-0 008 (-0 017 

to -0 002) 2 00E-03 6 000E-03

-0 043 (-0 072 

to -0 011) 1 40E-02 2 000E-02

GPS TNFRSF1A Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to TNFRSF1A kidney trait in S4 (as M) 98 57

-0 139 (-0 233 

to -0 059) 0 00E+00 0 000E+00

-0 002 (-0 142 

to 0 152) 9 80E-01 9 800E-01

GPS TNFRSF1A Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to TNFRSF1A kidney trait in F4 104 23

-0 15 (-0 197 to 

-0 106) 0 00E+00 0 000E+00

0 006 (-0 083 to 

0 089) 9 08E-01 9 614E-01

Y eGFR F4 (bidirection) GPS to TNFRSF1A to eGFR F4 kidney trait in F4 17 58

0 04 (0 015 to 

0 07) 0 00E+00 0 000E+00

0 189 (0 134 to 

0 241) 0 00E+00 0 000E+00

GPS TNFRSF1A Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR

GPS to TNFRSF1A to Follow-up 

eGFR kidney trait in FF4 (as Y) 17 63

0 041 (0 015 to 

0 072) 2 00E-03 6 000E-03

0 19 (0 136 to 

0 246) 0 00E+00 0 000E+00

GPS TNFRSF1A Proteins CKDcrcc S4 M GPS->CKDcrcc S4->Candi GPS to CKDcrcc S4 to TNFRSF1A kidney trait in S4 (as M) 26 56

-0 024 (-0 073 

to 0) 2 20E-02 2 567E-02

-0 067 (-0 201 

to 0 065) 3 18E-01 3 710E-01

GPS TNFRSF1A Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to TNFRSF1A kidney trait in F4 6 94

-0 01 (-0 046 to 

0 016) 3 22E-01 3 515E-01

-0 128 (-0 218 

to -0 037) 8 00E-03 2 618E-02

Y CKD F4 (bidirection) GPS to TNFRSF1A to CKD F4 kidney trait in F4 34 49

-0 007 (-0 013 

to -0 002) 0 00E+00 0 000E+00

-0 013 (-0 034 

to 0 014) 3 00E-01 3 554E-01

GPS IGFBP6 Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to IGFBP6 kidney trait in S4 (as M) 86 49

-0 145 (-0 23 to 

-0 075) 0 00E+00 0 000E+00

-0 023 (-0 159 

to 0 104) 7 50E-01 9 748E-01

GPS IGFBP6 Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to IGFBP6 kidney trait in F4 144 61

-0 145 (-0 19 to 

-0 105) 0 00E+00 0 000E+00

0 045 (-0 033 to 

0 116) 2 88E-01 4 380E-01



218 

 

Y eGFR F4 (bidirection) GPS to IGFBP6 to eGFR F4 kidney trait in F4 14 95

0 034 (0 009 to 

0 063) 1 20E-02 1 234E-02

0 195 (0 144 to 

0 243) 0 00E+00 0 000E+00

GPS IGFBP6 Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR

GPS to IGFBP6 to Follow-up 

eGFR kidney trait in FF4 (as Y) 14 71

0 034 (0 008 to 

0 063) 1 40E-02 2 057E-02

0 197 (0 142 to 

0 248) 0 00E+00 0 000E+00

GPS IGFBP6 Proteins CKDcrcc S4 M GPS->CKDcrcc S4->Candi GPS to CKDcrcc S4 to IGFBP6 kidney trait in S4 (as M) 9 48

-0 013 (-0 043 

to 0) 2 20E-02 2 567E-02

-0 126 (-0 261 

to -0 01) 4 00E-02 1 400E-01

GPS IGFBP6 Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to IGFBP6 kidney trait in F4 7 4

-0 007 (-0 036 

to 0 011) 3 26E-01 3 515E-01

-0 088 (-0 168 

to -0 017) 1 60E-02 4 800E-02

Y CKD F4 (bidirection) GPS to IGFBP6 to CKD F4 kidney trait in F4 27 43

-0 005 (-0 01 to 

-0 001) 1 20E-02 3 600E-02

-0 013 (-0 033 

to 0 013) 3 06E-01 3 554E-01

GPS NBL1 Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to NBL1 kidney trait in S4 (as M) 38 61

-0 097 (-0 213 

to 0 008) 7 00E-02 7 000E-02

-0 155 (-0 327 

to 0 022) 8 00E-02 4 267E-01

GPS NBL1 Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to NBL1 kidney trait in F4 72 95

-0 109 (-0 15 to 

-0 067) 0 00E+00 0 000E+00

-0 04 (-0 129 to 

0 038) 2 92E-01 4 380E-01

Y eGFR F4 (bidirection) GPS to NBL1 to eGFR F4 kidney trait in F4 13 23

0 03 (0 013 to 

0 054) 0 00E+00 0 000E+00

0 199 (0 139 to 

0 254) 0 00E+00 0 000E+00

GPS NBL1 Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to NBL1 to Follow-up eGFR kidney trait in FF4 (as Y) 14 32

0 033 (0 014 to 

0 06) 0 00E+00 0 000E+00

0 197 (0 145 to 

0 253) 0 00E+00 0 000E+00

GPS NBL1 Proteins CKDcrcc S4 M GPS->CKDcrcc S4->Candi GPS to CKDcrcc S4 to NBL1 kidney trait in S4 (as M) 11 74

-0 024 (-0 065 

to 0) 2 00E-02 2 567E-02

-0 179 (-0 33 to 

-0 025) 1 80E-02 1 260E-01

GPS NBL1 Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to NBL1 kidney trait in F4 6 61

-0 009 (-0 047 

to 0 015) 3 16E-01 3 515E-01

-0 133 (-0 216 

to -0 058) 0 00E+00 0 000E+00

Y CKD F4 (bidirection) GPS to NBL1 to CKD F4 kidney trait in F4 35 74

-0 006 (-0 013 

to -0 002) 0 00E+00 0 000E+00

-0 011 (-0 031 

to 0 016) 4 20E-01 4 320E-01

GPS JAM2 Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to JAM2 kidney trait in S4 (as M) 66 68

-0 132 (-0 234 

to -0 054) 2 00E-03 3 200E-03

-0 066 (-0 254 

to 0 129) 5 40E-01 8 896E-01

GPS JAM2 Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to JAM2 kidney trait in F4 79 97

-0 122 (-0 173 

to -0 075) 0 00E+00 0 000E+00

-0 03 (-0 128 to 

0 071) 5 80E-01 7 733E-01

Y eGFR F4 (bidirection) GPS to JAM2 to eGFR F4 kidney trait in F4 13 16

0 03 (0 011 to 

0 052) 4 00E-03 5 333E-03

0 199 (0 144 to 

0 255) 0 00E+00 0 000E+00

GPS JAM2 Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to JAM2 to Follow-up eGFR kidney trait in FF4 (as Y) 12 81

0 03 (0 011 to 

0 054) 2 00E-03 6 000E-03

0 201 (0 141 to 

0 257) 0 00E+00 0 000E+00

GPS JAM2 Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to JAM2 kidney trait in F4 4 31

-0 006 (-0 035 

to 0 01) 3 18E-01 3 515E-01

-0 141 (-0 227 

to -0 045) 4 00E-03 2 057E-02

Y CKD F4 (bidirection) GPS to JAM2 to CKD F4 kidney trait in F4 29 85

-0 005 (-0 011 

to 0) 2 60E-02 5 506E-02

-0 012 (-0 033 

to 0 016) 3 46E-01 3 664E-01

GPS RETN Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to RETN kidney trait in F4 70 32

-0 087 (-0 13 to 

-0 048) 0 00E+00 0 000E+00

-0 037 (-0 137 

to 0 055) 4 10E-01 5 904E-01

Y eGFR F4 (bidirection) GPS to RETN to eGFR F4 kidney trait in F4 8 14

0 019 (0 004 to 

0 035) 8 00E-03 9 290E-03

0 211 (0 155 to 

0 267) 0 00E+00 0 000E+00

GPS RETN Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to RETN to Follow-up eGFR kidney trait in FF4 (as Y) 10 78

0 025 (0 007 to 

0 047) 4 00E-03 9 000E-03

0 206 (0 148 to 

0 263) 0 00E+00 0 000E+00

GPS RETN Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to RETN kidney trait in F4 4 79

-0 006 (-0 031 

to 0 009) 3 44E-01 3 538E-01

-0 114 (-0 203 

to -0 025) 2 00E-02 4 950E-02

Y CKD F4 (bidirection) GPS to RETN to CKD F4 kidney trait in F4 17 74

-0 004 (-0 008 

to 0) 1 60E-02 3 840E-02

-0 017 (-0 036 

to 0 008) 1 60E-01 2 304E-01

GPS

ADAMTS1

3 Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to ADAMTS13 kidney trait in F4 36 49

0 052 (0 015 to 

0 089) 2 00E-03 2 880E-03

0 091 (-0 003 to 

0 191) 5 60E-02 9 600E-02

Y eGFR F4 (bidirection) GPS to ADAMTS13 to eGFR F4 kidney trait in F4 5 87

0 013 (0 003 to 

0 026) 4 00E-03 5 333E-03

0 216 (0 16 to 

0 273) 0 00E+00 0 000E+00
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GPS

ADAMTS1

3 Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR

GPS to ADAMTS13 to Follow-up 

eGFR kidney trait in FF4 (as Y) 4 44

0 01 (0 001 to 

0 024) 3 40E-02 3 825E-02

0 22 (0 162 to 

0 28) 0 00E+00 0 000E+00

GPS

ADAMTS1

3 Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to ADAMTS13 kidney trait in F4 2 47

0 003 (-0 006 to 

0 024) 4 18E-01 4 180E-01

0 137 (0 056 to 

0 223) 4 00E-03 2 057E-02

Y CKD F4 (bidirection) GPS to ADAMTS13 to CKD F4 kidney trait in F4 17 27

-0 003 (-0 009 

to 0) 1 02E-01 2 040E-01

-0 017 (-0 037 

to 0 008) 1 80E-01 2 492E-01

GPS FSTL3 Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to FSTL3 kidney trait in S4 (as M) 103 61

-0 177 (-0 271 

to -0 094) 0 00E+00 0 000E+00

0 006 (-0 144 to 

0 171) 9 38E-01 9 800E-01

GPS FSTL3 Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to FSTL3 kidney trait in F4 104 6

-0 112 (-0 154 

to -0 07) 0 00E+00 0 000E+00

0 005 (-0 081 to 

0 093) 8 72E-01 9 614E-01

Y eGFR F4 (bidirection) GPS to FSTL3 to eGFR F4 kidney trait in F4 10 08

0 023 (0 006 to 

0 043) 8 00E-03 9 290E-03

0 206 (0 152 to 

0 261) 0 00E+00 0 000E+00

GPS FSTL3 Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to FSTL3 to Follow-up eGFR kidney trait in FF4 (as Y) 12 86

0 03 (0 006 to 

0 057) 1 60E-02 2 057E-02

0 201 (0 146 to 

0 257) 0 00E+00 0 000E+00

GPS FSTL3 Proteins CKDcrcc S4 M GPS->CKDcrcc S4->Candi GPS to CKDcrcc S4 to FSTL3 kidney trait in S4 (as M) 12 22

-0 017 (-0 048 

to 0) 5 00E-02 5 000E-02

-0 119 (-0 265 

to 0 032) 9 60E-02 2 240E-01

GPS FSTL3 Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to FSTL3 kidney trait in F4 8 17

-0 008 (-0 042 

to 0 013) 3 20E-01 3 515E-01

-0 092 (-0 17 to 

-0 006) 4 20E-02 6 574E-02

Y CKD F4 (bidirection) GPS to FSTL3 to CKD F4 kidney trait in F4 32 12

-0 006 (-0 012 

to -0 001) 8 00E-03 2 880E-02

-0 012 (-0 031 

to 0 013) 3 22E-01 3 578E-01

GPS B2M Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to B2M kidney trait in S4 (as M) 384 93

-0 23 (-0 34 to -

0 138) 0 00E+00 0 000E+00

0 17 (0 028 to 

0 315) 2 20E-02 3 520E-01

GPS B2M Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to B2M kidney trait in F4 174 59

-0 203 (-0 255 

to -0 152) 0 00E+00 0 000E+00

0 087 (0 013 to 

0 159) 3 00E-02 5 400E-02

Y eGFR F4 (bidirection) GPS to B2M to eGFR F4 kidney trait in F4 20 24

0 046 (0 012 to 

0 083) 1 00E-02 1 091E-02

0 183 (0 135 to 

0 226) 0 00E+00 0 000E+00

GPS B2M Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to B2M to Follow-up eGFR kidney trait in FF4 (as Y) 18 05

0 042 (0 009 to 

0 077) 8 00E-03 1 600E-02

0 189 (0 138 to 

0 243) 0 00E+00 0 000E+00

GPS B2M Proteins CKDcrcc S4 M GPS->CKDcrcc S4->Candi GPS to CKDcrcc S4 to B2M kidney trait in S4 (as M) 87 13

-0 019 (-0 058 

to 0) 2 20E-02 2 567E-02

-0 003 (-0 164 

to 0 145) 9 74E-01 9 740E-01

GPS B2M Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to B2M kidney trait in F4 10 33

-0 011 (-0 052 

to 0 017) 3 32E-01 3 515E-01

-0 097 (-0 187 

to -0 015) 2 20E-02 4 950E-02

Y CKD F4 (bidirection) GPS to B2M to CKD F4 kidney trait in F4 35 56

-0 007 (-0 013 

to -0 002) 1 00E-02 3 273E-02

-0 013 (-0 033 

to 0 011) 2 64E-01 3 277E-01

GPS B2M Proteins CKD FF4 Y GPS->Candi->incident CKD GPS to B2M to incident CKD kidney trait in FF4 (as Y) 11 16

-0 006 (-0 014 

to -0 001) 3 20E-02 4 200E-02

-0 046 (-0 074 

to -0 017) 4 00E-03 1 200E-02

GPS ERP29 Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to ERP29 kidney trait in S4 (as M) 301 11

-0 144 (-0 228 

to -0 072) 0 00E+00 0 000E+00

0 096 (-0 093 to 

0 272) 2 90E-01 6 629E-01

GPS ERP29 Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to ERP29 kidney trait in F4 89 67

-0 091 (-0 124 

to -0 057) 0 00E+00 0 000E+00

-0 01 (-0 093 to 

0 074) 7 60E-01 9 434E-01

Y eGFR F4 (bidirection) GPS to ERP29 to eGFR F4 kidney trait in F4 8 86

0 02 (0 004 to 

0 039) 1 60E-02 1 600E-02

0 209 (0 153 to 

0 263) 0 00E+00 0 000E+00

GPS ERP29 Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to ERP29 to Follow-up eGFR kidney trait in FF4 (as Y) 8 42

0 019 (0 002 to 

0 039) 3 40E-02 3 825E-02

0 211 (0 156 to 

0 267) 0 00E+00 0 000E+00

GPS ERP29 Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to ERP29 kidney trait in F4 9 52

-0 009 (-0 043 

to 0 014) 3 14E-01 3 515E-01

-0 085 (-0 163 

to -0 007) 4 00E-02 6 545E-02

Y CKD F4 (bidirection) GPS to ERP29 to CKD F4 kidney trait in F4 33 54

-0 008 (-0 015 

to -0 001) 1 60E-02 3 840E-02

-0 015 (-0 032 

to 0 009) 2 42E-01 3 111E-01

GPS RELT Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to RELT kidney trait in S4 (as M) 133 42

-0 16 (-0 261 to 

-0 081) 0 00E+00 0 000E+00

0 04 (-0 082 to 

0 167) 5 56E-01 8 896E-01
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GPS RELT Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to RELT kidney trait in F4 100 36

-0 151 (-0 202 

to -0 108) 0 00E+00 0 000E+00

0 001 (-0 075 to 

0 074) 9 94E-01 9 940E-01

Y eGFR F4 (bidirection) GPS to RELT to eGFR F4 kidney trait in F4 20 15

0 046 (0 023 to 

0 073) 0 00E+00 0 000E+00

0 183 (0 13 to 

0 237) 0 00E+00 0 000E+00

GPS RELT Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR GPS to RELT to Follow-up eGFR kidney trait in FF4 (as Y) 22 55

0 052 (0 026 to 

0 082) 0 00E+00 0 000E+00

0 178 (0 123 to 

0 238) 0 00E+00 0 000E+00

GPS RELT Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to RELT kidney trait in F4 5 16

-0 007 (-0 038 

to 0 011) 3 22E-01 3 515E-01

-0 138 (-0 214 

to -0 063) 0 00E+00 0 000E+00

Y CKD F4 (bidirection) GPS to RELT to CKD F4 kidney trait in F4 36 69

-0 007 (-0 014 

to -0 002) 4 00E-03 1 800E-02

-0 012 (-0 031 

to 0 014) 3 28E-01 3 578E-01

GPS SCARF1 Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to SCARF1 kidney trait in S4 (as M) 102 96

-0 087 (-0 167 

to -0 02) 8 00E-03 9 143E-03

0 003 (-0 168 to 

0 174) 9 08E-01 9 800E-01

GPS SCARF1 Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to SCARF1 kidney trait in F4 45 86

-0 058 (-0 092 

to -0 023) 0 00E+00 0 000E+00

-0 069 (-0 164 

to 0 026) 1 50E-01 2 455E-01

Y eGFR F4 (bidirection) GPS to SCARF1 to eGFR F4 kidney trait in F4 5 22

0 012 (0 003 to 

0 025) 6 00E-03 7 714E-03

0 217 (0 161 to 

0 273) 0 00E+00 0 000E+00

GPS SCARF1 Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR

GPS to SCARF1 to Follow-up 

eGFR kidney trait in FF4 (as Y) 6 81

0 016 (0 003 to 

0 03) 1 20E-02 1 964E-02

0 215 (0 162 to 

0 273) 0 00E+00 0 000E+00

GPS SCARF1 Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to SCARF1 kidney trait in F4 5 55

-0 007 (-0 034 

to 0 01) 3 22E-01 3 515E-01

-0 115 (-0 198 

to -0 029) 1 80E-02 4 950E-02

Y CKD F4 (bidirection) GPS to SCARF1 to CKD F4 kidney trait in F4 25 47

-0 005 (-0 01 to 

-0 001) 4 00E-03 1 800E-02

-0 015 (-0 033 

to 0 009) 2 18E-01 2 907E-01

GPS SPOCK2 Proteins eGFR S4 M GPS->eGFR S4->Candi GPS to eGFR S4 to SPOCK2 kidney trait in S4 (as M) 202 79

0 181 (0 103 to 

0 268) 0 00E+00 0 000E+00

-0 092 (-0 262 

to 0 067) 2 80E-01 6 629E-01

GPS SPOCK2 Proteins eGFR F4 M eGFR F4 (bidirection) GPS to eGFR F4 to SPOCK2 kidney trait in F4 79 28

0 127 (0 084 to 

0 168) 0 00E+00 0 000E+00

0 033 (-0 054 to 

0 126) 4 60E-01 6 369E-01

Y eGFR F4 (bidirection) GPS to SPOCK2 to eGFR F4 kidney trait in F4 15 74

0 036 (0 017 to 

0 06) 0 00E+00 0 000E+00

0 193 (0 142 to 

0 245) 0 00E+00 0 000E+00

GPS SPOCK2 Proteins eGFR FF4 Y GPS->Candi->Follow-up eGFR

GPS to SPOCK2 to Follow-up 

eGFR kidney trait in FF4 (as Y) 13 64

0 031 (0 012 to 

0 053) 0 00E+00 0 000E+00

0 199 (0 148 to 

0 255) 0 00E+00 0 000E+00

GPS SPOCK2 Proteins CKD F4 M CKD F4 (bidirection) GPS to CKD F4 to SPOCK2 kidney trait in F4 5 24

0 008 (-0 011 to 

0 042) 3 18E-01 3 515E-01

0 146 (0 055 to 

0 235) 4 00E-03 2 057E-02

Y CKD F4 (bidirection) GPS to SPOCK2 to CKD F4 kidney trait in F4 31 65

-0 007 (-0 014 

to -0 002) 0 00E+00 0 000E+00

-0 016 (-0 033 

to 0 008) 1 60E-01 2 304E-01
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Supplementary Table 23. Associations of GPSeGFR with eGFR values and GPSeGFR-associated candidates in different percentiles of sample 

size of hyperglycemic individuals. 

Regression coefficients with 95% CI, P-values of GPSeGFR with eGFR values, and 18 GPSeGFR-associated candidates using multivariable linear regression models in different 

percentiles of sample size of hyperglycemic individuals of KORA F4 are shown, respectively. Regression model was adjusted for age, sex, BMI, systolic blood pressure, smoking 

status, triglyceride, total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-diabetic medication.  

Abbreviations: GPSeGFR, genome-wide polygenic score of eGFR values; eGFR, estimated glomerular filtration rate. 
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X outcome samplesize_Estimate (95%) p-value

GPS F4 Mean eGFR 5% 0.437 (-0.01 to 0.884) 5.506E-02

GPS F4 Mean eGFR 15% 0.415 (0.207 to 0.622) 1.156E-04

GPS F4 Mean eGFR 25% 0.426 (0.286 to 0.565) 5.633E-09

GPS F4 Mean eGFR 35% 0.332 (0.218 to 0.447) 2.364E-08

GPS F4 Mean eGFR 45% 0.372 (0.277 to 0.466) 4.645E-14

GPS F4 Mean eGFR full data 0.273 (0.236 to 0.31) 2.829E-44

GPS C10 5% -0.481 (-1.087 to 0.126) 1.176E-01

GPS C10 15% -0.195 (-0.49 to 0.1) 1.928E-01

GPS C10 25% -0.134 (-0.344 to 0.076) 2.090E-01

GPS C10 35% -0.1 (-0.263 to 0.063) 2.305E-01

GPS C10 45% -0.133 (-0.263 to -0.003) 4.482E-02

GPS C10 full data -0.074 (-0.126 to -0.023) 4.600E-03

GPS C10:2 5% 0.096 (-0.548 to 0.74) 7.650E-01

GPS C10:2 15% -0.045 (-0.341 to 0.251) 7.634E-01

GPS C10:2 25% -0.091 (-0.298 to 0.117) 3.907E-01

GPS C10:2 35% -0.051 (-0.216 to 0.114) 5.462E-01

GPS C10:2 45% -0.102 (-0.237 to 0.033) 1.382E-01

GPS C10:2 full data -0.089 (-0.143 to -0.035) 1.337E-03

GPS C12 5% -0.435 (-1.039 to 0.17) 1.548E-01

GPS C12 15% -0.325 (-0.609 to -0.042) 2.479E-02

GPS C12 25% -0.218 (-0.419 to -0.016) 3.434E-02

GPS C12 35% -0.153 (-0.311 to 0.006) 5.892E-02

GPS C12 45% -0.158 (-0.286 to -0.031) 1.515E-02

GPS C12 full data -0.08 (-0.131 to -0.03) 1.939E-03

GPS C14:1‐OH 5% 0.036 (-0.55 to 0.622) 9.027E-01

GPS C14:1‐OH 15% -0.137 (-0.422 to 0.149) 3.453E-01

GPS C14:1‐OH 25% -0.075 (-0.272 to 0.122) 4.540E-01

GPS C14:1‐OH 35% -0.074 (-0.232 to 0.084) 3.581E-01

GPS C14:1‐OH 45% -0.115 (-0.243 to 0.012) 7.572E-02

GPS C14:1‐OH full data -0.069 (-0.122 to -0.016) 1.042E-02

GPS C8 5% -0.61 (-1.239 to 0.02) 5.731E-02

GPS C8 15% -0.124 (-0.44 to 0.191) 4.385E-01

GPS C8 25% -0.104 (-0.323 to 0.115) 3.529E-01

GPS C8 35% -0.1 (-0.265 to 0.065) 2.344E-01

GPS C8 45% -0.124 (-0.255 to 0.006) 6.156E-02

GPS C8 full data -0.08 (-0.132 to -0.027) 2.911E-03

GPS CST3 5% 0.097 (-1.109 to 1.302) 8.640E-01

GPS CST3 15% -0.252 (-0.643 to 0.138) 2.015E-01

GPS CST3 25% -0.212 (-0.472 to 0.048) 1.091E-01

GPS CST3 35% -0.017 (-0.248 to 0.214) 8.841E-01

GPS CST3 45% -0.129 (-0.326 to 0.068) 1.974E-01

GPS CST3 full data -0.144 (-0.221 to -0.067) 2.533E-04

GPS TNFRSF1A 5% -1.972 (-3.283 to -0.662) 6.579E-03

GPS TNFRSF1A 15% -0.538 (-1.069 to -0.006) 4.744E-02
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GPS TNFRSF1A 25% -0.316 (-0.637 to 0.005) 5.345E-02

GPS TNFRSF1A 35% -0.091 (-0.34 to 0.159) 4.753E-01

GPS TNFRSF1A 45% -0.165 (-0.384 to 0.055) 1.411E-01

GPS TNFRSF1A full data -0.144 (-0.231 to -0.057) 1.176E-03

GPS IGFBP6 5% 0.158 (-1.074 to 1.391) 7.845E-01

GPS IGFBP6 15% -0.14 (-0.615 to 0.335) 5.576E-01

GPS IGFBP6 25% -0.198 (-0.49 to 0.095) 1.829E-01

GPS IGFBP6 35% -0.083 (-0.314 to 0.148) 4.786E-01

GPS IGFBP6 45% -0.132 (-0.321 to 0.056) 1.685E-01

GPS IGFBP6 full data -0.1 (-0.178 to -0.023) 1.089E-02

GPS NBL1 5% -0.849 (-2.23 to 0.531) 2.049E-01

GPS NBL1 15% -0.095 (-0.578 to 0.388) 6.954E-01

GPS NBL1 25% -0.259 (-0.574 to 0.057) 1.073E-01

GPS NBL1 35% -0.118 (-0.364 to 0.129) 3.472E-01

GPS NBL1 45% -0.218 (-0.425 to -0.011) 3.920E-02

GPS NBL1 full data -0.149 (-0.235 to -0.062) 7.709E-04

GPS JAM2 5% -1.036 (-2.235 to 0.163) 8.423E-02

GPS JAM2 15% -0.326 (-0.816 to 0.164) 1.885E-01

GPS JAM2 25% -0.447 (-0.813 to -0.08) 1.753E-02

GPS JAM2 35% -0.373 (-0.659 to -0.086) 1.121E-02

GPS JAM2 45% -0.408 (-0.656 to -0.16) 1.358E-03

GPS JAM2 full data -0.152 (-0.245 to -0.059) 1.350E-03

GPS RETN 5% -0.888 (-2.15 to 0.373) 1.509E-01

GPS RETN 15% -0.186 (-0.656 to 0.284) 4.325E-01

GPS RETN 25% -0.072 (-0.408 to 0.265) 6.739E-01

GPS RETN 35% -0.121 (-0.384 to 0.142) 3.648E-01

GPS RETN 45% -0.127 (-0.35 to 0.096) 2.620E-01

GPS RETN full data -0.124 (-0.214 to -0.034) 7.090E-03

GPS ADAMTS13 5% 1.125 (-0.4 to 2.65) 1.340E-01

GPS ADAMTS13 15% 0.001 (-0.564 to 0.565) 9.983E-01

GPS ADAMTS13 25% 0.119 (-0.233 to 0.471) 5.034E-01

GPS ADAMTS13 35% 0.169 (-0.09 to 0.429) 1.991E-01

GPS ADAMTS13 45% 0.021 (-0.199 to 0.241) 8.492E-01

GPS ADAMTS13 full data 0.143 (0.055 to 0.23) 1.520E-03

GPS FSTL3 5% -1.18 (-2.155 to -0.206) 2.164E-02

GPS FSTL3 15% -0.273 (-0.76 to 0.214) 2.666E-01

GPS FSTL3 25% -0.337 (-0.653 to -0.022) 3.646E-02

GPS FSTL3 35% -0.199 (-0.444 to 0.046) 1.105E-01

GPS FSTL3 45% -0.206 (-0.421 to 0.008) 5.960E-02

GPS FSTL3 full data -0.107 (-0.192 to -0.022) 1.395E-02

GPS B2M 5% -0.798 (-2.04 to 0.443) 1.864E-01

GPS B2M 15% -0.246 (-0.706 to 0.214) 2.891E-01

GPS B2M 25% -0.148 (-0.448 to 0.152) 3.306E-01

GPS B2M 35% 0.072 (-0.179 to 0.324) 5.707E-01

GPS B2M 45% -0.092 (-0.309 to 0.125) 4.042E-01
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Supplementary Table 24. Two-sample MR evidence is suggestive of relationships 

between kidney traits (CKD, eGFR and UACR) and replicated proteins in both di-

rections.  

Results of bi-directional two-sample MR of 46 replicated proteins and kidney traits (CKD, eGFR and 

UACR). 

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary 

albumin-to-creatinine ratio; MR, Mendelian Randomization.   

 

 

GPS B2M full data -0.116 (-0.201 to -0.032) 7.033E-03

GPS ERP29 5% -0.689 (-2.255 to 0.877) 3.566E-01

GPS ERP29 15% -0.007 (-0.516 to 0.502) 9.776E-01

GPS ERP29 25% -0.172 (-0.493 to 0.148) 2.886E-01

GPS ERP29 35% -0.15 (-0.388 to 0.088) 2.152E-01

GPS ERP29 45% -0.218 (-0.409 to -0.028) 2.484E-02

GPS ERP29 full data -0.101 (-0.18 to -0.022) 1.277E-02

GPS RELT 5% -0.278 (-1.081 to 0.525) 4.653E-01

GPS RELT 15% -0.008 (-0.477 to 0.46) 9.712E-01

GPS RELT 25% -0.151 (-0.465 to 0.163) 3.427E-01

GPS RELT 35% -0.073 (-0.322 to 0.176) 5.640E-01

GPS RELT 45% -0.163 (-0.381 to 0.055) 1.423E-01

GPS RELT full data -0.151 (-0.234 to -0.068) 4.048E-04

GPS SCARF1 5% -0.15 (-1.57 to 1.271) 8.223E-01

GPS SCARF1 15% -0.109 (-0.557 to 0.338) 6.266E-01

GPS SCARF1 25% 0.141 (-0.182 to 0.464) 3.894E-01

GPS SCARF1 35% -0.08 (-0.327 to 0.168) 5.263E-01

GPS SCARF1 45% -0.185 (-0.399 to 0.029) 9.024E-02

GPS SCARF1 full data -0.127 (-0.22 to -0.034) 7.578E-03

GPS SPOCK2 5% 0.887 (-0.507 to 2.28) 1.907E-01

GPS SPOCK2 15% 0.396 (-0.107 to 0.9) 1.207E-01

GPS SPOCK2 25% 0.145 (-0.165 to 0.456) 3.553E-01

GPS SPOCK2 35% 0.132 (-0.121 to 0.385) 3.033E-01

GPS SPOCK2 45% 0.206 (-0.014 to 0.425) 6.587E-02

GPS SPOCK2 full data 0.16 (0.071 to 0.249) 4.352E-04
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Protein

Prote n.Seq

Id

Kidney.tra

t method

ProToKy.dire

ction

ProToKy.stu

dy_pro

ProToKy.study_kidn

ey

ProToKy.ns

np ProToKy.b ProToKy.se

ProToKy.pva

l ProToKy.fdr

ProToKy.IV

W Q_pval

ProToKy.MR 

Egger.Q_pval

ProToKy.MR 

Egger.interce

pt_pval

ProToKy.Mr

preso.Global 

Test Pvalue

ProToKy.MRp

ress.Outliers.I

ndices.OR.Nu

m

ProToKy.outlier_

corrected

ProToKy.MR.sup

ported.Causal

KyToPro.dire

ction

KyToPro.stu

dy_pro

KyToPro stu

dy_k dney KyToPro.nsnp KyToPro b KyToPro.se

KyToPro.pva

l KyToPro.fdr

KyToPro.IV

W.Q_pval

KyToPro.M

R 

Egger.Q_pval

KyToPro.M

R 

Egger interce

pt_pval

KyToPro Mr

preso.Global 

Test.Pvalue

KyToPro.M

Rpress.Outli

ers.Indices.O

R.Num

KyToPro.outl

ier_corrected

KyToPro.M

R.supported.

Causal

PLAT 2212-69_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD

Emilsson 

2018 Wuttke 2019 1 -0.118 0.058 .206E-02 2.907E-01 before

no / nsufficient 

power

CKD To 

Protein Suhre 2017 Wuttke 2019 8 -0.068 0.219 7.555E-01 9.6 6E-01 2 288E-01 1.630E-01 7.635E-01 0.263 before

no / insuffc ent 

power

PLAT 2212-69_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR

Emilsson 

2018 Wuttke 2019 1 0.002 0.002 .166E-01 6.335E-01 before

no / nsufficient 

power

eGFR To 

Protein Suhre 2017 Wuttke 2019 63 -0.355 1.827 8. 58E-01 9.6 6E-01 8 936E-01 8.786E-01 6.963E-01 0.896 before

no / insuffc ent 

power

PLAT 2212-69_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR

Emilsson 

2018 Teumer 2019 1 0.008 0.012 .305E-01 7.117E-01 before

no / nsufficient 

power

UACR To 

Protein Suhre 2017 Teumer 2019 8 2.2 3 1.172 5.553E-02 2.221E-01 8 07 E-01 7.517E-01 5.951E-01 0.833 before

no / insuffc ent 

power

CST3 2609-59_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD

Emilsson 

2018 Wuttke 2019 1 0.075 0.039 .217E-02 2.907E-01 before

no / nsufficient 

power

CKD To 

Protein Suhre 2017 Wuttke 2019 8 0.015 0.233 9. 7 E-01 9.786E-01 2 023E-01 .396E-01 9.537E-02 0.221 before

no / insuffc ent 

power

CST3 2609-59_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR

Emilsson 

2018 Wuttke 2019 1 -0.003 0.001 .826E-02 2.563E-01 before

no / nsufficient 

power

eGFR To 

Protein Suhre 2017 Wuttke 2019 63 0.075 1.95 9.695E-01 9.786E-01 2.7 6E-01 2.513E-01 6.68 E-01 0.316 before

no / insuffc ent 

power

CST3 2609-59_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR

Emilsson 

2018 Teumer 2019 1 -0.012 0.008 .53 E-01 .613E-01 before

no / nsufficient 

power

UACR To 

Protein Suhre 2017 Teumer 2019 8 0.033 1.2 2 9.786E-01 9.786E-01 7 660E-01 7.838E-01 3.7 0E-01 0.777 before

no / insuffc ent 

power

EFNA5 2615-60_2 CKD

outl ters-

corrected Wald 

ra io

Protein To 

CKD Sun 2018 Wuttke 2019 1 0.082 0.07 .697E-01 . 95E-01 after

no / nsufficient 

power

EFNA5 2615-60_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 2 -0.02 0.062 . 13E-01 9. 00E-01 3.510E-02 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.076 0.099 . 02E-01 5.870E-01 9.720E-01 9.7 2E-01 .033E-01 0.973 before

no / insuffc ent 

power

EFNA5 2615-60_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 2 0.002 0.002 .167E-01 6.335E-01 6.8 0E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -1.0 0.669 1.18 E-01 .738E-01 7.798E-01 7.655E-01 7.776E-01 0.776 before

no / insuffc ent 

power

EFNA5 2615-60_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 2 -0.008 0.012 .87 E-01 6.917E-01 6.00 E-02 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.112 0.319 7.251E-01 7.251E-01 5. 53E-01 .93 E-01 8.270E-01 0.561 before

no / insuffc ent 

power

ERBB3 2617-56_35 CKD

MR-

PRESSO_Outler

corrected

Protein To 

CKD Sun 2018 Wuttke 2019 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 15 -0.092 0.123 .682E-01 9.61 E-01 0.016 1 before

no / insuffc ent 

power

ERBB3 2617-56_35 CKD

outl ters-

corrected In erse 

ariance weighted

CKD To 

Protein Sun 2018 Wuttke 2019 1 -0.0 5 0.119 7.0 5E-01 7.0 5E-01 after

no / insuffc ent 

power

ERBB3 2617-56_35 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 0.016 0.0 2 .058E-01 9. 00E-01 3.338E-01 3. 66E-01 3.861E-01 0. 01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.0 5 0.102 6.616E-01 6.668E-01 1 5 3E-02 1.076E-02 7. 20E-01 0.016 1 before

no / insuffc ent 

power

ERBB3 2617-56_35 eGFR

outl ters-

corrected Wald 

ra io

Protein To 

eGFR Sun 2018 Wuttke 2019 1 0.005 0.002 .7 7E-02 .122E-01 after

no / nsufficient 

power

ERBB3 2617-56_35 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 0.00 0.002 .130E-02 1.562E-01 2.876E-02 1.988E-02 6.350E-01 0.069 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.68 0.67 3.10 E-01 6.668E-01 1 220E-01 1.168E-01 5.027E-01 0.125 before

no / insuffc ent 

power

ERBB3 2617-56_35 UACR

outl ters-

corrected Wald 

ra io

Protein To 

UACR Sun 2018 Teumer 2019 1 -0.0 3 0.01 .9 E-03 1.166E-02 after

yes  same direct on 

of beta n KORA

ERBB3 2617-56_35 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 -0.011 0.009 .186E-01 .613E-01 1.861E-02 1. 36E-01 2.179E-01 0.09 before

yes  same direct on 

of beta n KORA

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.137 0.319 6.668E-01 6.668E-01 5 908E-01 5.558E-01 5.628E-01 0.593 before

no / insuffc ent 

power

LAYN 2635-61_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 7 0.003 0.029 .236E-01 9.706E-01 8.228E-01 8.728E-01 3. 98E-01 0.831 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.053 0.1 5.973E-01 5.973E-01 5. 30E-01 .672E-01 9.535E-01 0. 87 before

no / insuffc ent 

power

LAYN 2635-61_2 eGFR

outl ters-

corrected In erse 

ariance weighted

Protein To 

eGFR Sun 2018 Wuttke 2019 6 -0.002 0.001 .25 E-01 .752E-01 after

no / nsufficient 

power

LAYN 2635-61_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 7 -0.001 0.001 .858E-01 6.335E-01 3.690E-02 1. 15E-01 1.386E-01 0.059 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.78 0.668 2. 11E-01 3.21 E-01 7 667E-01 7.856E-01 1. 57E-01 0.767 before

no / insuffc ent 

power

LAYN 2635-61_2 UACR

MR-

PRESSO_Outler

corrected

Protein To 

UACR Sun 2018 Teumer 2019 5 -0.001 0.01 .196E-01 9.715E-01 0.001 2 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 before

no / insuffc ent 

power

LAYN 2635-61_2 UACR

outl ters-

corrected In erse 

ariance weighted

Protein To 

UACR Sun 2018 Teumer 2019 0.009 0.008 .612E-01 3.320E-01 after

no / nsufficient 

power

LAYN 2635-61_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 7 0.008 0.006 .307E-01 .613E-01 6.101E-0 1.066E-02 1. 85E-01 0.001 2 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.569 0.322 7.726E-02 1.921E-01 7 152E-02 1.37 E-01 7.181E-02 0.06 before

no / insuffc ent 

power

TNFRSF1A 265 -19_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 7 0.067 0.03 .285E-02 2.907E-01 1.298E-01 2.698E-01 1.595E-01 0.155 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.109 0.1 2.765E-01 5.530E-01 6. 61E-01 6.380E-01 3.783E-01 0.678 before

no / insuffc ent 

power

TNFRSF1A 265 -19_1 eGFR

MR-

PRESSO_Outler

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 6 0 0 .895E-01 8.788E-01 0.005 1 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 before

TNFRSF1A 265 -19_1 eGFR

outl ters-

corrected In erse 

ariance weighted

Protein To 

eGFR Sun 2018 Wuttke 2019 6 0 0.001 .399E-01 9.239E-01 after

no / nsufficient 

power

TNFRSF1A 265 -19_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 7 0 0.001 .336E-01 9. 0 E-01 2.625E-03 2.938E-01 1.969E-02 0.005 1 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -1.756 0.668 8.582E-03 3. 33E-02 6. 50E-01 6.327E-01 5.513E-01 0.6 3 before

yes  same 

direct on of 

be a n KORA

TNFRSF1A 265 -19_1 UACR

MR-

PRESSO_Outler

corrected

Protein To 

UACR Sun 2018 Teumer 2019 7 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 27 -0.1 3 0.289 6.233E-01 7.768E-01 0.0 6 2 before

no / insuffc ent 

power
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TNFRSF1A 265 -19_1 UACR

outl ters-

corrected In erse 

ariance weighted

UACR To 

Protein Sun 2018 Teumer 2019 27 -0.1 3 0 31 6. 79E-01 6. 79E-01 fter

no / nsu ficient 

power

TNFRSF1A 265 -19_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 7 -0.013 0.007 5.778E-02 237E-01 .0 7E-01 137E-01 3.335E-01 0. 33 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.168 0.32 5.990E-01 6.07 E-01 .556E-02 .197E-02 .586E-01 0.0 6 2 efore

no / nsu ficient 

power

EGFR 2677-1_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 2 0.0 7 0.06 .335E-01 8 670E-01 6.092E-02 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.00 0.1 9.677E-01 9.677E-01 .807E-01 7.23 E-01 6.295E-02 0. 77 efore

no / nsu ficient 

power

EGFR 2677-1_1 eGFR

outl ters-

corrected In erse 

ariance weighted

eGFR To 

Protein Sun 2018 Wuttke 2019 178 0.2 6 0 669 7.132E-01 7.132E-01 fter

no / nsu ficient 

power

EGFR 2677-1_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 2 -0.002 0.002 .688E-01 8 250E-01 1.33 E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.2 2 0 671 7.187E-01 9.582E-01 7.805E-03 7.783E-03 3.519E-01 0.013

No sign ficant 

outlers efore

no / nsu ficient 

power

EGFR 2677-1_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 2 -0.032 0.012 1.113E-02 2 288E-01 3.921E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.166 0.32 6.0 6E-01 9.582E-01 3.755E-01 3.561E-01 . 5 E-01 0.387 efore

no / nsu ficient 

power

IGFBP6 2686-67_2 CKD

outl ters-

corrected Wald 

ra io

Protein To 

CKD Sun 2018 Wuttke 2019 1 -0.076 0.068 2.670E-01 . 95E-01 af er

no / nsufficient 

power

IGFBP6 2686-67_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 3 -1.012 0. 29 1.823E-02 2 907E-01 2.522E-0 8 550E-02 2.777E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.155 0.1 1.208E-01 1.7 8E-01 5. 38E-01 6.912E-01 1.1 9E-01 0.597 efore

no / nsu ficient 

power

IGFBP6 2686-67_2 eGFR

outl ters-

corrected Wald 

ra io

Protein To 

eGFR Sun 2018 Wuttke 2019 1 -0.001 0.003 7.83 E-01 9 239E-01 af er

no / nsufficient 

power

IGFBP6 2686-67_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 3 -0.03 0.005 1.5 6E-10 6 803E-09 5.358E-19 1 137E-01 1.103E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -3.75 0 671 2.2 2E-08 8.969E-08 5.962E-02 5.39 E-02 9.98 E-01 0.063 efore

yes  same 

d rection of 

beta in KORA

IGFBP6 2686-67_2 UACR

outl ters-

corrected In erse 

ariance weighted

UACR To 

Protein Sun 2018 Teumer 2019 26 -0.316 0 338 3. 96E-01 3. 96E-01 fter

no / nsu ficient 

power

IGFBP6 2686-67_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 3 -0.003 0.011 8.0 3E-01 8 8 8E-01 2.007E-01 5 908E-01 3.369E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.3 9 0 322 2.779E-01 2.779E-01 5. 50E-02 . 06E-02 6.955E-01 0.06 efore

no / nsu ficient 

power

FGF20 2763-66_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 5 -0.088 0.0 2.588E-02 2 907E-01 6.657E-01 9 029E-01 2.710E-01 0.685 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.112 0.1 2.603E-01 3. 71E-01 5. 79E-01 5.87 E-01 2. 53E-01 0.559 efore

no / nsu ficient 

power

FGF20 2763-66_2 eGFR

MR-

PRESSO_Outler

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 5 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 192 1.512 0.726 3.86 E-02 5.317E-01 0.001 1 efore

no / nsu ficient 

power

FGF20 2763-66_2 eGFR

outl ters-

corrected In erse 

ariance weighted

eGFR To 

Protein Sun 2018 Wuttke 2019 171 0.706 0 678 2.972E-01 2.972E-01 fter

no / nsu ficient 

power

FGF20 2763-66_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 5 0.002 0.001 1. 9E-01 250E-01 1.516E-01 1 222E-01 5.387E-01 0.237 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 1.161 0 671 8.375E-02 3.116E-01 1.068E-03 1.185E-03 2.35 E-01 0.001 1 efore

no / nsu ficient 

power

FGF20 2763-66_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 5 0.009 0.008 2.155E-01 613E-01 3. 7 E-01 2. 33E-01 6.809E-01 0. 3 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.2 3 0.32 . 77E-01 . 77E-01 .215E-01 .098E-01 3.873E-01 0. 8 efore

no / nsu ficient 

power

FGF9 276 -20_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 3 -0.018 0.055 7. 77E-01 9. 00E-01 2.51 E-01 6.708E-01 3.5 5E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.019 0 101 8.511E-01 8.511E-01 1.231E-01 1.371E-01 2.963E-01 0.12 efore

no / nsu ficient 

power

FGF9 276 -20_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 3 0 0.002 9.801E-01 9 836E-01 5.291E-02 7 838E-02 5.172E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0. 97 0.67 .582E-01 8.511E-01 1.220E-01 1.858E-01 1.387E-02 0.13 efore

no / nsu ficient 

power

FGF9 276 -20_2 UACR

outl ters-

corrected In erse 

ariance weighted

UACR To 

Protein Sun 2018 Teumer 2019 25 -0.306 0.32 3.392E-01 3.392E-01 fter

no / nsu ficient 

power

FGF9 276 -20_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 2 -0.011 0.013 3.882E-01 6 162E-01 5.2 7E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.1 9 0 322 6. 31E-01 8.511E-01 1.635E-02 1.37 E-02 5.6 3E-01 0.016

No sign ficant 

outlers efore

no / nsu ficient 

power

NBL1 29 -66_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 2 -0.02 0.05 7.065E-01 9. 00E-01 .315E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.105 0 099 2.925E-01 5.8 9E-01 9.236E-01 9.016E-01 6.26 E-01 0.92 efore

no / nsu ficient 

power

NBL1 29 -66_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 2 0 0.002 8.778E-01 9 656E-01 7.562E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -1.072 0 667 1.083E-01 .331E-01 9.701E-01 9.680E-01 5.3 5E-01 0.973 efore

no / nsu ficient 

power

NBL1 29 -66_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 2 0.005 0.012 6.81 E-01 8 039E-01 8.392E-02 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.006 0.32 9.8 1E-01 9.8 1E-01 3.1 1E-01 2.951E-01 .591E-01 0.318 efore

no / nsu ficient 

power

GHR 29 8-58_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 5 0.028 0.038 .70 E-01 9 000E-01 3.355E-01 2 830E-01 .97 E-01 0.36 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.05 0.1 5.922E-01 9.393E-01 3.167E-01 5.362E-01 6.075E-02 0.327 efore

no / nsu ficient 

power

GHR 29 8-58_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 5 -0.002 0.001 1.328E-01 173E-01 9. 71E-01 8 839E-01 7.96 E-01 0.938 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.215 0 669 7. 79E-01 9.393E-01 .077E-01 3.908E-01 7.065E-01 0. 5 efore

no / nsu ficient 

power

GHR 29 8-58_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 5 0.009 0.008 2. 19E-01 627E-01 5.953E-01 8 502E-01 2.538E-01 0.632 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.02 0 318 9.393E-01 9.393E-01 7.656E-01 7.591E-01 3.881E-01 0.8 efore

no / nsu ficient 

power

CGA LHB 2953-31_2 CKD

outl ters-

corrected Wald 

ra io

Protein To 

CKD Sun 2018 Wuttke 2019 1 -0.057 0.02 1.668E-02 8 339E-02 af er

no / nsufficient 

power

CGA LHB 2953-31_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 2 -0.0 8 0.02 .572E-02 2 907E-01 1.676E-02 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.073 0 099 .660E-01 8. 2E-01 8.028E-01 8.18 E-01 3.185E-01 0.821 efore

no / nsu ficient 

power
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CGA LHB 2953-31_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 2 0.001 0.001 .086E-01 5.735E-01 .8 6E-01 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.107 0.666 8.727E-01 8.727E-01 9 992E-01 9.990E-01 9.352E-01 1 before

no / insuffc ent 

power

CGA LHB 2953-31_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 2 -0.007 0.005 .768E-01 .613E-01 6.060E-01 before

no / nsu ficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.18 0.318 5.703E-01 8. 2E-01 9 328E-01 9. 70E-01 2. 20E-01 0.936 before

no / insuffc ent 

power

ESAM 2981-9_3 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 6 0.001 0.026 .826E-01 9.826E-01 1.859E-01 1.133E-01 8.926E-01 0.188 before

no / nsu ficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.12 0.1 2.309E-01 .1 0E-01 1.7 5E-01 1. 9E-01 6.090E-01 0.18 before

no / insuffc ent 

power

ESAM 2981-9_3 eGFR

MR-

PRESSO_Outler

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 5 -0.003 0.002 . 26E-01 6.8 3E-01 0.009 1 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 before

no / insuffc ent 

power

ESAM 2981-9_3 eGFR

outl ters-

corrected In erse 

ariance weighted

Protein To 

eGFR Sun 2018 Wuttke 2019 -0.002 0.002 .032E-01 5.588E-01 after

no / nsu ficient 

power

ESAM 2981-9_3 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 6 -0.00 0.001 .217E-0 9.118E-03 9.906E-0 .338E-0 8. 29E-01 0.009 1 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.882 0.669 1.870E-01 .1 0E-01 .785E-01 .657E-01 5. 27E-01 0. 82 before

no / insuffc ent 

power

ESAM 2981-9_3 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 6 0.003 0.006 .620E-01 7.117E-01 .3 9E-01 3.583E-01 5. 9E-01 0.391 before

no / nsu ficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.326 0.321 3.105E-01 .1 0E-01 9 812E-02 8.269E-02 6. 00E-01 0.096 before

no / insuffc ent 

power

JAM2 2997-8_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 5 0.033 0.032 .980E-01 6.901E-01 9.797E-01 9.969E-01 5.810E-01 0.98 before

no / nsu ficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.05 0.1 5.881E-01 7.8 1E-01 7 1 6E-01 6. 5 E-01 9.166E-01 0.728 before

no / insuffc ent 

power

JAM2 2997-8_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 5 0.001 0.001 .508E-01 6.132E-01 2. 98E-01 2.901E-01 3.3 9E-01 0.293 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.16 0.67 8.118E-01 8.118E-01 1. 16E-01 1.35 E-01 5.209E-01 0.12 before

no / insuffc ent 

power

JAM2 2997-8_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 5 -0.021 0.007 .553E-03 1.123E-01 7.35 E-01 9.003E-01 3.193E-01 0.7 2 before

no / nsu ficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.758 0.321 1.815E-02 7.259E-02 1 6 6E-01 1.888E-01 2.216E-01 0.179 before

no / insuffc ent 

power

CLEC M 3030-3_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 3 0.062 0.037 .96 E-02 3.951E-01 6.860E-01 6.687E-01 5.882E-01 before

no / nsu ficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.0 5 0.1 6.503E-01 6.503E-01 5 123E-01 .368E-01 9.731E-01 0.5 2 before

no / insuffc ent 

power

CLEC M 3030-3_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 3 0 0.001 . 20E-01 9.836E-01 9.133E-01 6.803E-01 9.318E-01 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.767 0.67 2.523E-01 5.827E-01 1 969E-01 1.9 7E-01 3.69 E-01 0.201 before

no / insuffc ent 

power

CLEC M 3030-3_2 UACR

outl ters-

corrected In erse 

ariance weighted

Protein To 

UACR Sun 2018 Teumer 2019 3 -0.01 0.013 .559E-01 .559E-01 after

no / nsu ficient 

power

CLEC M 3030-3_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 3 -0.011 0.008 .799E-01 .613E-01 5.923E-02 1.851E-02 9.126E-01 before

no / nsu ficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.222 0.318 .858E-01 6. 77E-01 8 117E-01 7.762E-01 7. 55E-01 0.816 before

no / insuffc ent 

power

IL19 3035-80_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 7 -0.0 2 0.025 .979E-02 3.951E-01 7.501E-01 7.890E-01 3.551E-01 0.732 before

no / nsu ficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.2 5 0.099 1.358E-02 5. 32E-02 9 92 E-01 9.893E-01 6.305E-01 0.995 before

no / insuffc ent 

power

IL19 3035-80_2 eGFR

outl ters-

corrected In erse 

ariance weighted

eGFR To 

Protein Sun 2018 Wuttke 2019 182 1.631 0.655 1.272E-02 2.5 3E-02 after

yes  same 

direc ion of 

beta n KORA

IL19 3035-80_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 7 0 0.001 .377E-01 8.92 E-01 9.277E-01 9.812E-01 3.270E-01 0.911 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 1.3 2 0.67 .538E-02 9.077E-02 2 911E-02 2.703E-02 5.739E-01 0.027

No signifcant 

outlers before

yes  same 

direc ion of 

beta n KORA

IL19 3035-80_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 7 0.008 0.005 .596E-01 .613E-01 2.310E-01 2.19 E-01 .200E-01 0.263 before

no / nsu ficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.326 0.32 3.09 E-01 3.09 E-01 3.7 8E-01 3.93 E-01 2.556E-01 0. 0 before

no / insuffc ent 

power

RETN 30 6-31_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 9 0.001 0.022 . 85E-01 9.706E-01 6.62 E-01 5.738E-01 7.072E-01 0.673 before

no / nsu ficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.112 0.099 2.601E-01 5.201E-01 9.761E-01 9.618E-01 8.6 2E-01 0.978 before

no / insuffc ent 

power

RETN 30 6-31_1 eGFR

MR-

PRESSO_Outler

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 8 -0.001 0.001 .71 E-01 8.257E-01 0.001 1 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 before

RETN 30 6-31_1 eGFR

outl ters-

corrected In erse 

ariance weighted

Protein To 

eGFR Sun 2018 Wuttke 2019 8 -0.001 0.001 .65 E-01 7.071E-01 after

no / nsu ficient 

power

RETN 30 6-31_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 9 -0.001 0.001 .8 7E-01 7.359E-01 1.220E-03 8.5 E-0 6.272E-01 0.001 1 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -1.917 0.669 .163E-03 1.665E-02 .755E-01 .60 E-01 6.155E-01 0. 95 before

yes  same 

direc ion of 

beta n KORA

RETN 30 6-31_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 9 0.003 0.005 .661E-01 7.117E-01 1.299E-01 9.513E-02 6.71 E-01 0.1 9 before

no / nsu ficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.112 0.32 7.255E-01 7.255E-01 510E-01 .068E-01 6.852E-01 0. 71 before

no / insuffc ent 

power

TNFRSF1B 3152-57_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 7 0.01 0.028 .132E-01 9. 00E-01 .661E-01 .95 E-01 3.155E-01 0. 76 before

no / nsu ficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.055 0.1 5.796E-01 7.036E-01 6. 56E-01 8.621E-01 6.692E-02 0.631 before

no / insuffc ent 

power

TNFRSF1B 3152-57_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 7 -0.001 0.001 .017E-01 6.335E-01 6.5 8E-02 6. 01E-02 . 68E-01 0.087 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -2. 0.669 3.321E-0 1.328E-03 6 3 6E-01 6.383E-01 2.805E-01 0.651 before

yes  same 

direc ion of 

beta n KORA

TNFRSF1B 3152-57_1 UACR

outl ters-

corrected In erse 

ariance weighted

UACR To 

Protein Sun 2018 Teumer 2019 26 -0.289 0.318 3.635E-01 3.635E-01 after

no / insuffc ent 

power

TNFRSF1B 3152-57_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 7 0 0.006 .956E-01 9.956E-01 3.659E-01 3.313E-01 . 60E-01 0. 17 before

no / nsu ficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.2 0.321 .5 9E-01 7.036E-01 6 071E-02 .795E-02 7.898E-01 0.075 before

no / insuffc ent 

power

ADAMTS13 3175-51_5 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 -0.00 0.015 .9 2E-01 9.706E-01 3.75 E-01 9.9 5E-01 2.206E-01 0. 7 before

no / nsu ficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.1 7 0.099 1.389E-01 2.777E-01 9 027E-01 8.623E-01 9.995E-01 0.903 before

no / insuffc ent 

power

ADAMTS13 3175-51_5 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 0.001 0.001 .095E-02 2.563E-01 2.118E-01 1.078E-01 8.931E-01 0. 3 before

no / nsu ficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 1.211 0.668 6.983E-02 2.777E-01 8 5 0E-01 8. 23E-01 8.315E-01 0.856 before

no / insuffc ent 

power
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ADAMTS13 3175-51_5 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 0.001 0.003 .05 E-01 8.039E-01 .316E-01 3.061E-01 6.266E-01 0.521 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.15 0.319 6.387E-01 6.387E-01 5. 05E-01 5.091E-01 5.21 E-01 0.559 before

no / insuffc ent 

power

RET 3220- 0_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 3 0.0 5 0.033 .787E-01 5.701E-01 5. 68E-01 2.720E-01 9.8 7E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.128 0.101 2.0 3E-01 6.971E-01 1 331E-01 1.218E-01 .573E-01 0.135 before

no / insuffc ent 

power

RET 3220- 0_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 3 0 0.001 .836E-01 9.836E-01 8.363E-01 5.523E-01 9.575E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.606 0.668 3.6 1E-01 6.971E-01 7. 86E-01 7.367E-01 5.959E-01 0.755 before

no / insuffc ent 

power

RET 3220- 0_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 3 0.002 0.007 .275E-01 8.881E-01 8.322E-01 5.5 6E-01 9.1 6E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0 1 0.32 7.538E-01 7.538E-01 2 296E-01 .108E-01 3. 11E-02 0.226 before

no / insuffc ent 

power

ACY1 33 3-1_ CKD

Robust adjusted 

profile score 

(RAPS)

CKD To 

Protein Suhre 2017 Wuttke 2019 8 0.075 0.22 7.3 2E-01 7.3 2E-01 7 8 7E-01 6.918E-01 8.018E-01 0.796 before

no / insuffc ent 

power

ACY1 33 3-1_ eGFR

MR-

PRESSO_Outler

corrected

eGFR To 

Protein Suhre 2017 Wuttke 2019 62 2.586 1.929 1.850E-01 5.311E-01 0.031 1 before

no / insuffc ent 

power

ACY1 33 3-1_ eGFR

outl ters-

corrected In erse 

ariance weighted

eGFR To 

Protein Suhre 2017 Wuttke 2019 58 3.585 1.889 5.77 E-02 5.77 E-02 after

no / insuffc ent 

power

ACY1 33 3-1_ eGFR

Robust adjusted 

profile score 

(RAPS)

eGFR To 

Protein Suhre 2017 Wuttke 2019 63 3.026 1.87 1.055E-01 2.212E-01 270E-02 5.187E-02 1.817E-01 0.031 1 before

no / insuffc ent 

power

ACY1 33 3-1_ UACR

Robust adjusted 

profile score 

(RAPS)

UACR To 

Protein Suhre 2017 Teumer 2019 8 1.907 1.196 1.106E-01 2.212E-01 7 355E-01 8.008E-01 2.95 E-01 0.7 1 before

no / insuffc ent 

power

CTSV 336 -76_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 -0.0 7 0.037 .073E-01 5.701E-01 .979E-01 6.652E-01 3.378E-01 0.5 2 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.065 0.1 5.183E-01 6.911E-01 223E-01 3.792E-01 5.379E-01 0. 27 before

no / insuffc ent 

power

CTSV 336 -76_2 eGFR

MR-

PRESSO_Outler

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 192 1.077 0.731 1. 2 E-01 6.196E-01 <0.001 1 before

no / insuffc ent 

power

CTSV 336 -76_2 eGFR

outl ters-

corrected In erse 

ariance weighted

eGFR To 

Protein Sun 2018 Wuttke 2019 176 1.509 0.663 2.282E-02 2.282E-02 after

no / insuffc ent 

power

CTSV 336 -76_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 0 0.001 .50 E-01 8.92 E-01 8.379E-01 6.885E-01 7.802E-01 0.878 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 1.265 0.791 1.096E-01 .385E-01 8 563E-0 7.52 E-0 6.627E-01 <0.001 1 before

no / insuffc ent 

power

CTSV 336 -76_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 0.005 0.008 .556E-01 7.117E-01 .573E-01 3.5 8E-01 5. 91E-01 0.53 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.3 9 0.319 2.733E-01 5. 67E-01 8 2 0E-01 7.938E-01 6.618E-01 0.836 before

no / insuffc ent 

power

FSTL3 3 38-10_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 3 -0.018 0.0 6 .008E-01 9. 00E-01 2.510E-01 9.96 E-01 3. 7E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.019 0.1 8. 80E-01 9.380E-01 6 319E-01 5.75 E-01 6.381E-01 0.659 before

no / insuffc ent 

power

FSTL3 3 38-10_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 3 -0.001 0.002 .163E-01 7.632E-01 .793E-01 2.7 3E-01 7.1 9E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -2.009 0.669 2.683E-03 1.073E-02 535E-01 . 28E-01 .958E-01 0. 56 before

yes  same 

direct on of 

be a n KORA

FSTL3 3 38-10_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 3 -0.005 0.01 .919E-01 7.235E-01 9.005E-02 9.261E-01 2.72 E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.025 0.321 9.380E-01 9.380E-01 3 593E-01 3.195E-01 6.729E-01 0.3 9 before

no / insuffc ent 

power

B2M 3 85-28_2 CKD

Robust adjusted 

profile score 

(RAPS)

CKD To 

Protein Suhre 2017 Wuttke 2019 8 0.007 0.23 9.753E-01 9.753E-01 6 636E-01 9. 3E-01 1.210E-01 0.673 before

no / insuffc ent 

power

B2M 3 85-28_2 eGFR

Robust adjusted 

profile score 

(RAPS)

eGFR To 

Protein Suhre 2017 Wuttke 2019 63 -0.803 1.9 1 6.793E-01 9.753E-01 8 171E-01 7.929E-01 8.19 E-01 0.828 before

no / insuffc ent 

power

B2M 3 85-28_2 UACR

Robust adjusted 

profile score 

(RAPS)

UACR To 

Protein Suhre 2017 Teumer 2019 8 0.698 1.23 5.71 E-01 9.753E-01 8 913E-01 8.670E-01 5. 19E-01 0.897 before

no / insuffc ent 

power

MASP1 3605-77_ CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 2 -0.061 0.059 .963E-01 6.901E-01 1.853E-02 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.12 0.1 2.325E-01 6.233E-01 .75 E-01 .135E-01 6.870E-01 0. 76 before

no / insuffc ent 

power

MASP1 3605-77_ eGFR

MR-

PRESSO_Outler

corrected

eGFR To 

Protein Sun 2018 Wuttke 2019 192 0.803 0.71 2.59 E-01 9.621E-01 0.006 1 before

no / insuffc ent 

power

MASP1 3605-77_ eGFR

outl ters-

corrected In erse 

ariance weighted

eGFR To 

Protein Sun 2018 Wuttke 2019 177 -0.093 0.672 8.90 E-01 8.90 E-01 after

no / insuffc ent 

power

MASP1 3605-77_ eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 2 0.003 0.002 .170E-02 3.380E-01 6. 37E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.508 0.7 7 .966E-01 6.233E-01 5 233E-03 .676E-03 6.699E-01 0.006 1 before

no / insuffc ent 

power

MASP1 3605-77_ UACR

outl ters-

corrected In erse 

ariance weighted

UACR To 

Protein Sun 2018 Teumer 2019 25 0.201 0.32 5.3 6E-01 8.90 E-01 after

no / insuffc ent 

power

MASP1 3605-77_ UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 2 -0.002 0.012 .725E-01 9.1 0E-01 3.23 E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.162 0.322 6.1 2E-01 6.233E-01 1 582E-02 1.698E-02 3.37 E-01 0.019

No s gnifcant 

outliers before

no / insuffc ent 

power

KDR 3651-50_5 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 8 -0.001 0.01 .283E-01 9.706E-01 .120E-01 3.572E-01 5.099E-01 0.356 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.03 0.1 7.632E-01 9.19 E-01 556E-01 3.869E-01 8.028E-01 0. 56 before

no / insuffc ent 

power

KDR 3651-50_5 eGFR

outl ters-

corrected In erse 

ariance weighted

Protein To 

eGFR Sun 2018 Wuttke 2019 7 0 0.001 . 33E-01 9. 33E-01 after

no / nsufficient 

power

KDR 3651-50_5 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 8 0 0.001 .706E-01 9.836E-01 3.378E-02 2.052E-02 7.806E-01 0.11 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.872 0.669 1.925E-01 7.700E-01 979E-01 .938E-01 3.719E-01 0.518 before

no / insuffc ent 

power
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KDR 651-50_5 UACR

outliters-

corrected In erse 

ar ance we ghted

Protein To 

UACR Sun 2018 Teumer 2019 6 -0.00 0.003 1 878E-01 3 320E-01 after

no / insuffc ent 

power

KDR 651-50_5 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 8 -0.00 0.003 1. 39E-01 613E-01 1.237E-02 8.606E-03 6.336E-01 0.057 before

no / insuffc ent 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.097 0.318 7.601E-01 9.19 E-01 9.02 E-01 8.909E-01 .026E-01 0.919 before

no / nsufficient 

power

IGF2R 676-15_3 CKD

outliters-

corrected In erse 

ar ance we ghted

Protein To 

CKD Sun 2018 Wuttke 2019 12 0.002 0.013 8 577E-01 8 577E-01 after

no / insuffc ent 

power

IGF2R 676-15_3 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 1 0.002 0.012 8 86 E-01 9.706E-01 2.337E-02 1.52 E-02 8.833E-01 0.062 before

no / insuffc ent 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.08 0 1 .239E-01 8. 79E-01 7.593E-01 9.150E-01 .509E-02 0.761 before

no / nsufficient 

power

IGF2R 676-15_3 eGFR

MR-

PRESSO_Outlier

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 12 0 0.001 8 086E-01 9 90 E-01 0.022 2 before

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 191 0. 51 0.622 .692E-01 8.863E-01 0.015 2 before

no / nsufficient 

power

IGF2R 676-15_3 eGFR

outliters-

corrected In erse 

ar ance we ghted

Protein To 

eGFR Sun 2018 Wuttke 2019 10 0 0 5 109E-01 7 071E-01 after

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 18 0.776 0.658 2.387E-01 2.387E-01 after

no / nsufficient 

power

IGF2R 676-15_3 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 1 0 0 5. 39E-01 8 381E-01 1.716E-03 9.752E-0 9.960E-01 0.022 2 before

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.656 0.668 3.262E-01 8. 79E-01 1.860E-02 1.7 9E-02 .055E-01 0.015 2 before

no / nsufficient 

power

IGF2R 676-15_3 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 1 -0.006 0.002 1 560E-02 2 288E-01 2.1 6E-01 2.7 8E-01 1.957E-01 0.286 before

no / insuffc ent 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.051 0.321 8.7 5E-01 8.7 5E-01 2.220E-01 1.850E-01 .350E-01 0.2 8 before

no / nsufficient 

power

PLG 710- 9_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 9 -0.009 0 02 6. 5E-01 9. 00E-01 9.36 E-01 9.35 E-01 .710E-01 0.923 before

no / insuffc ent 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.051 0.101 6.162E-01 7.6 1E-01 2.063E-01 1.956E-01 .157E-01 0.227 before

no / nsufficient 

power

PLG 710- 9_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 9 0.001 0.001 1 1 2E-01 3 866E-01 3.651E-01 5.277E-01 1. 87E-01 0.3 2 before

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.809 0.669 2.267E-01 .53 E-01 1.573E-01 1.53 E-01 .257E-01 0.133 before

no / nsufficient 

power

PLG 710- 9_2 UACR

outliters-

corrected In erse 

ar ance we ghted

UACR To 

Protein Sun 2018 Teumer 2019 27 0.088 0.355 8.035E-01 8.035E-01 after

no / nsufficient 

power

PLG 710- 9_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 9 -0.005 0.00 2 13 E-01 613E-01 6.059E-01 5.903E-01 .018E-01 0.636 before

no / insuffc ent 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.097 0.323 7.6 1E-01 7.6 1E-01 .113E-02 .373E-02 .253E-01 0.0 8

No significant 

outliers before

no / nsufficient 

power

CTSH 737-6_3 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 6 -0.038 0.028 1.782E-01 5.701E-01 5.617E-01 8.888E-01 1.707E-01 0.637 before

no / insuffc ent 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.096 0 1 3.335E-01 6.670E-01 7.573E-01 7.237E-01 .279E-01 0.763 before

no / nsufficient 

power

CTSH 737-6_3 eGFR

outliters-

corrected In erse 

ar ance we ghted

Protein To 

eGFR Sun 2018 Wuttke 2019 0.001 0.001 5 1 2E-01 7 071E-01 after

no / insuffc ent 

power

CTSH 737-6_3 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 6 0.001 0.001 5 902E-01 8 381E-01 2.37 E-02 .7 1E-02 3.035E-01 0.08 before

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -2.65 0.67 7.660E-05 3.06 E-0 1.986E-01 1.936E-01 .32 E-01 0.21 before

yes  same 

d rection of 

beta in KORA

CTSH 737-6_3 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 6 -0.002 0.006 7 125E-01 8 039E-01 6.863E-01 6.117E-01 5.599E-01 0.656 before

no / insuffc ent 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.0 7 0.319 8.832E-01 8.832E-01 6.960E-01 7.355E-01 .0 8E-01 0.667 before

no / nsufficient 

power

PAPPA 1 8- 9_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 9 -0.016 0.026 5. 10E-01 9. 00E-01 2.087E-01 1.5 0E-01 7.187E-01 0.239 before

no / insuffc ent 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.097 0 1 3.335E-01 6.077E-01 1.617E-01 1.306E-01 .601E-01 0.177 before

no / nsufficient 

power

PAPPA 1 8- 9_2 eGFR

MR-

PRESSO_Outlier

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 9 before

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 192 -0.3 7 0.713 6.275E-01 8.205E-01 0.002 1 before

no / nsufficient 

power

PAPPA 1 8- 9_2 eGFR

outliters-

corrected In erse 

ar ance we ghted

eGFR To 

Protein Sun 2018 Wuttke 2019 178 -0.782 0.668 2. 17E-01 2. 17E-01 after

no / nsufficient 

power

PAPPA 1 8- 9_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 9 -0.001 0.001 6 068E-01 8 381E-01 6.78 E-01 6.150E-01 5.719E-01 0.68 before

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.5 9 0.737 .558E-01 6.077E-01 3.115E-03 2.730E-03 . 8 E-01 0.002 1 before

no / nsufficient 

power

PAPPA 1 8- 9_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 9 0.001 0.006 9 060E-01 9 271E-01 8.513E-02 7.082E-02 5.285E-01 0.072 before

no / insuffc ent 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.372 0.318 2. 16E-01 6.077E-01 9.673E-01 9.651E-01 . 8E-01 0.962 before

no / nsufficient 

power

TFF3 721-5 _2 CKD

outliters-

corrected In erse 

ar ance we ghted

Protein To 

CKD Sun 2018 Wuttke 2019 0.038 0.0 2 3 631E-01 539E-01 after

no / insuffc ent 

power

TFF3 721-5 _2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 5 0.072 0.033 2 9 1E-02 2 907E-01 2.252E-02 2.515E-02 .760E-01 0.071 before

no / insuffc ent 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.08 0 1 .210E-01 5.61 E-01 5.560E-01 5.80 E-01 .771E-01 0.56 before

no / nsufficient 

power

TFF3 721-5 _2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 5 -0.002 0.001 5 126E-02 2 563E-01 2.665E-01 1.603E-01 8.800E-01 0.321 before

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -1.638 0.669 1. 3 E-02 5.736E-02 5.862E-01 5.661E-01 .869E-01 0.625 before

no / nsufficient 

power

TFF3 721-5 _2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 5 -0.008 0.006 2 272E-01 613E-01 1.788E-01 1.80 E-01 .222E-01 0.235 before

no / insuffc ent 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.29 0.318 3.619E-01 5.61 E-01 9.6 9E-01 9.518E-01 .862E-01 0.969 before

no / nsufficient 

power

EPHA2 83 -61_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 0.063 0.0 8 1 881E-01 5.701E-01 1.216E-01 8.712E-01 1. 31E-01 0.203 before

no / insuffc ent 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.006 0 1 9.559E-01 9.918E-01 3.871E-01 .1 7E-01 .567E-01 0. 03 before

no / nsufficient 

power

EPHA2 83 -61_2 eGFR

MR-

PRESSO_Outlier

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 2 -0.008 0.002 1 831E-01 7 150E-01 0.017 2 before

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 before

no / nsufficient 

power

EPHA2 83 -61_2 eGFR

outliters-

corrected Wald 

ratio

Protein To 

eGFR Sun 2018 Wuttke 2019 1 -0.006 0.00 1 296E-01 .752E-01 after

no / insuffc ent 

power

EPHA2 83 -61_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 -0.009 0.002 1. 75E-05 3 2 6E-0 6.320E-05 9.968E-0 3.888E-01 0.017 2 before

no / insuffc ent 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.665 0.668 3.192E-01 9.918E-01 9.082E-01 9.255E-01 .808E-02 0.91 before

no / nsufficient 

power
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EPHA2 83 -61_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 0.006 0.008 .662E-01 6.838E-01 5.885E-01 3.879E-01 8.805E-01 0.612 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.003 0.32 9.918E-01 9.918E-01 2 0 1E-01 1.707E-01 8.276E-01 0.216 before

no / insuffc ent 

power

NTRK2 866-59_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 1 -0.017 0.092 . 96E-01 9.706E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.177 0.1 7.625E-02 3.050E-01 6 2 E-01 5.802E-01 5. 33E-01 0.629 before

no / insuffc ent 

power

NTRK2 866-59_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 1 -0.002 0.003 .1 3E-01 8.381E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.878 0.67 1.896E-01 3.791E-01 1. 35E-01 1.35 E-01 6.07 E-01 0.13 before

no / insuffc ent 

power

NTRK2 866-59_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 1 -0.016 0.017 .518E-01 6.161E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.038 0.321 9.059E-01 9.059E-01 1 230E-01 1.21 E-01 3.726E-01 0.138 before

no / insuffc ent 

power

AMH 923-79_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 -0.023 0.03 .991E-01 9.150E-01 5.335E-01 3.366E-01 9.187E-01 0.559 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.063 0.1 5.25 E-01 7.006E-01 7 380E-01 6.733E-01 8.395E-01 0.735 before

no / insuffc ent 

power

AMH 923-79_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 -0.001 0.001 .278E-01 8.381E-01 1.236E-01 1.556E-01 .0 5E-01 0.25 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.566 0.668 3.973E-01 7.006E-01 7 823E-01 7.970E-01 1.69 E-01 0.78 before

no / insuffc ent 

power

AMH 923-79_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 -0.006 0.008 .062E-01 6.162E-01 3. 90E-01 5.525E-01 2.8 0E-01 0. 35 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.2 5 0.32 . 31E-01 7.006E-01 5 065E-01 .689E-01 5.819E-01 0.505 before

no / insuffc ent 

power

MMP1 92 -32_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD

Emilsson 

2018 Wuttke 2019 1 0.01 0.018 .228E-01 8.670E-01 before

no / nsufficient 

power

CKD To 

Protein Suhre 2017 Wuttke 2019 8 0.6 1 0.251 1.061E-02 2.122E-02 5 98 E-01 5.095E-01 6. 53E-01 0.612 before

yes  same 

direct on of 

be a n KORA

MMP1 92 -32_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR

Emilsson 

2018 Wuttke 2019 1 0 0.001 . 76E-01 8.381E-01 before

no / nsufficient 

power

eGFR To 

Protein Suhre 2017 Wuttke 2019 63 -3.223 2.103 1.25 E-01 1.369E-01 6 179E-01 5.826E-01 9.628E-01 0.61 before

no / insuffc ent 

power

MMP1 92 -32_1 UACR

MR-

PRESSO_Outler

corrected

UACR To 

Protein Suhre 2017 Teumer 2019 7 .153 1. 6 2.970E-02 1.230E-01 0.031 1 before

no / insuffc ent 

power

MMP1 92 -32_1 UACR

outl ters-

corrected In erse 

ariance weighted

UACR To 

Protein Suhre 2017 Teumer 2019 6 2.9 6 1.508 5.072E-02 5.072E-02 after

no / insuffc ent 

power

MMP1 92 -32_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR

Emilsson 

2018 Teumer 2019 1 0.006 0.00 .378E-01 .613E-01 before

no / nsufficient 

power

UACR To 

Protein Suhre 2017 Teumer 2019 8 3.5 7 1.386 1.0 9E-02 2.122E-02 2 358E-02 2.5 6E-02 .232E-01 0.031 1 before

no / insuffc ent 

power

ERP29 983-6_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 3 0.006 0.0 7 .967E-01 9.706E-01 6.076E-01 3.185E-01 9.759E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.0 0.1 6.912E-01 6.912E-01 5 556E-01 6.737E-01 1.399E-01 0.603 before

no / insuffc ent 

power

ERP29 983-6_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 3 0.001 0.002 .326E-01 8.381E-01 1.693E-01 2.706E-01 3.975E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.816 0.669 2.225E-01 6.912E-01 3 078E-01 .330E-01 6. 97E-03 0.332 before

no / insuffc ent 

power

ERP29 983-6_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 3 0.013 0.01 .903E-01 .613E-01 .802E-01 9.779E-01 .39 E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.139 0.317 6.621E-01 6.912E-01 9 831E-01 9.892E-01 2.282E-01 0.965 before

no / insuffc ent 

power

SOD2 5008-51_1 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 3 0.057 0.017 .299E-0 3.652E-02 7. 33E-01 .9 5E-01 7.82 E-01 before

yes  d f d rection of 

beta in KORA

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.023 0.101 8.226E-01 8.226E-01 1. 26E-01 1.880E-01 1.988E-01 0.1 6 before

no / insuffc ent 

power

SOD2 5008-51_1 eGFR

MR-

PRESSO_Outler

corrected

eGFR To 

Protein Sun 2018 Wuttke 2019 191 0.189 0.6 8 7.706E-01 8.73 E-01 0.002 2 before

no / insuffc ent 

power

SOD2 5008-51_1 eGFR

outl ters-

corrected In erse 

ariance weighted

eGFR To 

Protein Sun 2018 Wuttke 2019 180 0.05 0.66 9. 01E-01 9. 01E-01 after

no / insuffc ent 

power

SOD2 5008-51_1 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 3 -0.002 0.001 .556E-03 2.812E-02 9.90 E-01 9.29 E-01 9.321E-01 before

yes  d f d rection of 

beta in KORA

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.31 0.669 6. 3 E-01 8.226E-01 5 570E-03 .90 E-03 7.69 E-01 0.002 2 before

no / insuffc ent 

power

SOD2 5008-51_1 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 3 0.006 0.00 .122E-01 .613E-01 6.666E-01 8. 15E-01 5. 12E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.15 0.32 6.295E-01 8.226E-01 3 298E-01 3.288E-01 3.39 E-01 0.371 before

no / insuffc ent 

power

NOTCH1 5107-7_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 3 0.03 0.039 .870E-01 8.51 E-01 .659E-01 6.136E-01 .617E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.015 0.099 8.799E-01 9.703E-01 8. 27E-01 7.951E-01 7.7 9E-01 0.865 before

no / insuffc ent 

power

NOTCH1 5107-7_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 3 -0.003 0.002 .217E-02 3.380E-01 1.206E-01 9.039E-01 2.885E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.025 0.67 9.703E-01 9.703E-01 9 809E-02 9.272E-02 5.580E-01 0.1 before

no / insuffc ent 

power

NOTCH1 5107-7_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 3 0.008 0.009 .6 1E-01 6.161E-01 3.765E-01 5.1 2E-01 .330E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.307 0.321 3.389E-01 9.703E-01 1 039E-01 9.907E-02 .165E-01 0.111 before

no / insuffc ent 

power

RELT 5115-31_3 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 3 0.037 0.025 .329E-01 5.317E-01 1.055E-01 8.863E-02 5.933E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.128 0.1 2.010E-01 .020E-01 265E-01 6.6 5E-01 6.30 E-02 0. 58 before

no / insuffc ent 

power

RELT 5115-31_3 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 3 -0.001 0.001 .503E-01 6.132E-01 5.672E-01 8.988E-01 .823E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -2.617 0.669 9.1 6E-05 3.658E-0 5.791E-01 5.6 2E-01 6.111E-01 0.581 before

yes  same 

direct on of 

be a n KORA

RELT 5115-31_3 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 3 0.007 0.005 .192E-01 .613E-01 2. 78E-01 3.939E-01 3.872E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.038 0.319 9.050E-01 9.050E-01 2 528E-01 2. 0E-01 3.98 E-01 0.272 before

no / insuffc ent 

power

SCARF1 5129-12_3 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD

Emilsson 

2018 Wuttke 2019 1 -0.011 0.02 .922E-01 9. 00E-01 before

no / nsufficient 

power

CKD To 

Protein Suhre 2017 Wuttke 2019 8 0.312 0.251 2.136E-01 8.5 E-01 2 567E-01 1.789E-01 8.78 E-01 0.318 before

no / insuffc ent 

power

SCARF1 5129-12_3 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR

Emilsson 

2018 Wuttke 2019 1 0.002 0.001 .989E-02 1.562E-01 before

no / nsufficient 

power

eGFR To 

Protein Suhre 2017 Wuttke 2019 63 1.326 2.09 5.268E-01 9.602E-01 6 868E-01 6.5 0E-01 9.106E-01 0.68 before

no / insuffc ent 

power

SCARF1 5129-12_3 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR

Emilsson 

2018 Teumer 2019 1 0.00 0.00 .020E-01 6.162E-01 before

no / nsufficient 

power

UACR To 

Protein Suhre 2017 Teumer 2019 8 0.068 1.358 9.602E-01 9.602E-01 2 030E-01 6.8 5E-01 5.253E-02 0.219 before

no / insuffc ent 

power
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TNFRSF19 5131-15_3 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 2 -0.006 0.068 .338E-01 9.706E-01 2.771E-01 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.237 0.1 1.816E-02 3.632E-02 6 021E-01 6.32 E-01 2.686E-01 0.611 before

yes  same 

direct on of 

be a n KORA

TNFRSF19 5131-15_3 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 2 -0.001 0.002 .097E-01 8.922E-01 8.32 E-01 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -2.628 0.669 8.619E-05 3. 8E-0 2 316E-01 2.236E-01 5.000E-01 0.225 before

yes  same 

direct on of 

be a n KORA

TNFRSF19 5131-15_3 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 2 0.02 0.012 .060E-02 .237E-01 .339E-01 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.05 0.319 8.66 E-01 9.526E-01 7 908E-01 7.513E-01 7.95 E-01 0.778 before

no / insuffc ent 

power

HAVCR2 513 -52_2 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 6 0 02 0.017 .292E-01 5.932E-01 .985E-01 3.636E-01 8.653E-01 0.688 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.013 0.099 8.937E-01 8.937E-01 8 978E-01 8.7 0E-01 5.877E-01 0.89 before

no / insuffc ent 

power

HAVCR2 513 -52_2 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 6 0 0.001 .577E-01 8.381E-01 6.700E-01 5.535E-01 7.022E-01 0.769 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -0.236 0.668 7.2 2E-01 8.937E-01 6. 88E-01 6. 7E-01 3.810E-01 0.631 before

no / insuffc ent 

power

HAVCR2 513 -52_2 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 6 -0.006 0.006 .756E-01 5.052E-01 8.53 E-01 8.1 3E-01 5.61 E-01 0.827 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.589 0.321 6.6 6E-02 2.659E-01 2. 93E-01 2.176E-01 6.589E-01 0.256 before

no / insuffc ent 

power

UNC5C 5139-32_3 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 5 -0.013 0.026 .172E-01 9. 00E-01 3.33 E-01 8.95 E-01 1. 02E-01 0.368 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.135 0.1 1.781E-01 3.561E-01 6 800E-01 7.192E-01 2.5 0E-01 0.696 before

no / insuffc ent 

power

UNC5C 5139-32_3 eGFR

MR-

PRESSO_Outler

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 3 -0.001 0.001 .2 6E-01 6.8 3E-01 0.0 2 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 before

UNC5C 5139-32_3 eGFR

outl ters-

corrected Wald 

ra io

Protein To 

eGFR Sun 2018 Wuttke 2019 1 0.001 0.001 .153E-01 7.071E-01 after

no / nsufficient 

power

UNC5C 5139-32_3 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 5 0 0.001 .278E-01 9. 0 E-01 1.059E-03 1.217E-01 8. 20E-02 0.0 2 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 -2.196 0.669 1.035E-03 .1 1E-03 6 3E-01 .517E-01 5.396E-01 0. 8 before

yes  same 

direct on of 

be a n KORA

UNC5C 5139-32_3 UACR

MR-

PRESSO_Outler

corrected

Protein To 

UACR Sun 2018 Teumer 2019 5 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 28 0.012 0.355 9.726E-01 9.726E-01 0.009 1 before

no / insuffc ent 

power

UNC5C 5139-32_3 UACR

outl ters-

corrected In erse 

ariance weighted

Protein To 

UACR Sun 2018 Teumer 2019 -0.007 0.005 .915E-01 3.320E-01 after

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 27 -0.093 0.33 7.800E-01 7.800E-01 after

no / insuffc ent 

power

UNC5C 5139-32_3 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 5 -0.01 0.005 .067E-02 . 2E-01 2.003E-02 2.535E-02 . 87E-01 0.078 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.126 0.322 6.953E-01 6.953E-01 1 23 E-02 1.117E-02 .751E-01 0.009 1 before

no / insuffc ent 

power

LEPR 5 00-52_3 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 6 -0.013 0.011 .058E-01 5.701E-01 9.632E-01 9.783E-01 5.018E-01 0.85 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 0.067 0.1 5.01 E-01 6.686E-01 017E-01 3.381E-01 7.6 7E-01 0. 33 before

no / insuffc ent 

power

LEPR 5 00-52_3 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 6 0 0 .367E-01 8.381E-01 8.781E-02 6.3 9E-02 6.096E-01 0.372 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 0.5 9 0.668 .112E-01 6.686E-01 7 172E-01 6.996E-01 9.308E-01 0.757 before

no / insuffc ent 

power

LEPR 5 00-52_3 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 6 0.003 0.002 .039E-01 .613E-01 1.207E-01 8.722E-02 6.156E-01 0.35 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 -0.015 0.32 9.622E-01 9.622E-01 3 287E-01 3.691E-01 1.923E-01 0.362 before

no / insuffc ent 

power

SPOCK2 5 91-12_3 CKD

outl ters-

corrected In erse 

ariance weighted

CKD To 

Protein Sun 2018 Wuttke 2019 1 -0.276 0.109 1.116E-02 1.67 E-02 after

yes  same 

direct on of 

be a n KORA

SPOCK2 5 91-12_3 CKD

Robust adjusted 

profile score 

(RAPS)

Protein To 

CKD Sun 2018 Wuttke 2019 6 0 01 0.027 .0 5E-01 9. 00E-01 9.909E-01 9.711E-01 9.399E-01 0.995 before

no / nsufficient 

power

CKD To 

Protein Sun 2018 Wuttke 2019 16 -0.295 0.102 3.823E-03 7.6 6E-03 1 10 E-02 1.380E-02 3.178E-01 0.012

No s gnifcant 

outliers before

yes  same 

direct on of 

be a n KORA

SPOCK2 5 91-12_3 eGFR

MR-

PRESSO_Outler

corrected

Protein To 

eGFR Sun 2018 Wuttke 2019 6 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 190 2.6 5 0.732 3.873E-0 .358E-03 <0.001 3 before

yes  same 

direct on of 

be a n KORA

SPOCK2 5 91-12_3 eGFR

outl ters-

corrected In erse 

ariance weighted

eGFR To 

Protein Sun 2018 Wuttke 2019 172 2. 2 0.675 3.3 6E-0 1.00 E-03 after

yes  same 

direct on of 

be a n KORA

SPOCK2 5 91-12_3 eGFR

Robust adjusted 

profile score 

(RAPS)

Protein To 

eGFR Sun 2018 Wuttke 2019 6 0.002 0.001 .7 6E-02 2.563E-01 2.968E-01 2.106E-01 7.017E-01 0.39 before

no / nsufficient 

power

eGFR To 

Protein Sun 2018 Wuttke 2019 193 2.507 0.77 1.122E-03 . 89E-03 1 090E-05 1.967E-05 7.852E-02 <0.001 3 before

yes  same 

direct on of 

be a n KORA

SPOCK2 5 91-12_3 UACR

MR-

PRESSO_Outler

corrected

Protein To 

UACR Sun 2018 Teumer 2019 3 -0.01 0.007 .961E-01 7.8 7E-01 <0.001 3 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 28 0.09 0.3 9 7.986E-01 7.986E-01 <0.001 1 before

no / insuffc ent 

power

SPOCK2 5 91-12_3 UACR

outl ters-

corrected In erse 

ariance weighted

Protein To 

UACR Sun 2018 Teumer 2019 3 -0.01 0.009 .766E-01 3.320E-01 after

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 25 0. 66 0.33 1.62 E-01 1.62 E-01 after

no / insuffc ent 

power

SPOCK2 5 91-12_3 UACR

Robust adjusted 

profile score 

(RAPS)

Protein To 

UACR Sun 2018 Teumer 2019 6 -0.012 0.006 .926E-02 .237E-01 5.27 E-07 3.619E-07 6.803E-01 <0.001 3 before

no / nsufficient 

power

UACR To 

Protein Sun 2018 Teumer 2019 29 0.156 0.32 6.265E-01 6.265E-01 1 0 8E-03 1.968E-03 1.8 5E-01 <0.001 1 before

no / insuffc ent 

power
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Supplementary Table 25. Two-sample MR evidence is suggestive of relationships 

of replicated proteins to kidney traits (CKD, eGFR and UACR) using genetic in-

struments summarized from Zheng et al1.  

Results of two sample MR of 23 out of 46 replicated proteins to kidney traits (CKD, eGFR and UACR) 

using genetic instruments summarized by Zheng et al1. 

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary 

albumin-to-creatinine ratio; MR, Mendelian Randomization.  

 

Protein Protein.SeqId Kidney.trait method study_pro study_kidney nsnp b se pval fdr IVW.Q_pval

ADAMTS13 3175-51_5 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 001 0 001 8 984E-02 2 583E-01

ADAMTS13 3175-51_5 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 0 003 0 004 4 245E-01 5 743E-01

ADAMTS13 3175-51_5 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 006 0 019 7 422E-01 8 129E-01

AMH 4923-79_1 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 048 0 047 3 005E-01 5 760E-01

AMH 4923-79_1 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 0 004 0 01 6 678E-01 6 998E-01

AMH 4923-79_1 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 001 0 002 7 004E-01 7 986E-01

B2M 3485-28_2 eGFR

Robust 

adjusted 

profile score 

(RAPS) Yao Wuttke 2019 1 -0 016 0 004 4 159E-05 9 565E-04

B2M 3485-28_2 UACR

Robust 

adjusted 

profile score 

(RAPS) Yao Teumer 2019 1 0 071 0 021 5 285E-04 1 216E-02

B2M 3485-28_2 CKD

Robust 

adjusted 

profile score 

(RAPS) Yao Wuttke 2019 1 0 311 0 094 9 668E-04 2 224E-02

CGA;LHB 2953-31 2 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 057 0 025 2 125E-02 1 969E-01

CGA;LHB 2953-31_2 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 -0 008 0 006 1 510E-01 3 279E-01

CGA;LHB 2953-31 2 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 001 0 001 1 620E-01 3 727E-01

CST3 2609-59_2 eGFR

Robust 

adjusted 

profile score 

(RAPS) Yao Wuttke 2019 1 -0 002 0 001 1 245E-01 3 183E-01

CST3 2609-59 2 UACR

Robust 

adjusted 

profile score 

(RAPS) Yao Teumer 2019 1 -0 008 0 006 2 239E-01 3 432E-01

CST3 2609-59_2 CKD

Robust 

adjusted 

profile score 

(RAPS) Yao Wuttke 2019 1 0 046 0 03 1 340E-01 5 137E-01

CTSH 3737-6_3 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 032 0 015 2 931E-02 1 969E-01

CTSH 3737-6_3 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 0 003 0 003 3 092E-01 4 445E-01

CTSH 3737-6_3 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 0 001 5 333E-01 7 552E-01

ESAM 2981-9_3 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 004 0 002 1 719E-02 1 318E-01

ESAM 2981-9_3 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 088 0 044 4 682E-02 2 154E-01

ESAM 2981-9_3 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 0 019 0 01 7 095E-02 3 116E-01



233 

 

 

HAVCR2 5134-52 2 eGFR

 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 2 -0 001 0 001 3 285E-02 1 889E-01 1 539E-01

HAVCR2 5134-52_2 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 2 0 005 0 004 2 015E-01 3 432E-01 6 026E-01

HAVCR2 5134-52_2 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 2 0 017 0 015 2 628E-01 5 494E-01 6 961E-01

IGF2R 3676-15_3 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 001 0 001 8 366E-02 2 583E-01

IGF2R 3676-15_3 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 -0 005 0 003 1 568E-01 3 279E-01

IGF2R 3676-15_3 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 019 0 016 2 325E-01 5 347E-01

KDR 3651-50_5 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 -0 008 0 005 1 219E-01 3 116E-01

KDR 3651-50 5 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 028 0 029 3 290E-01 5 821E-01

KDR 3651-50_5 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 0 001 8 986E-01 8 986E-01

LEPR 5400-52 3 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 0 002 0 002 2 232E-01 3 432E-01

LEPR 5400-52_3 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 012 0 009 1 856E-01 5 337E-01

LEPR 5400-52_3 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 0 8 508E-01 8 894E-01

MASP1 3605-77_4 eGFR

Robust 

adjusted 

profile score 

(RAPS) Suhre Wuttke 2019 1 0 002 0 001 7 027E-02 2 583E-01

MASP1 3605-77_4 UACR

Robust 

adjusted 

profile score 

(RAPS) Suhre Teumer 2019 1 -0 003 0 006 6 694E-01 6 998E-01

MASP1 3605-77_4 CKD

Robust 

adjusted 

profile score 

(RAPS) Suhre Wuttke 2019 1 0 001 0 03 9 769E-01 9 769E-01

MMP1 4924-32_1 UACR

Robust 

adjusted 

profile score 

(RAPS) Folkersen Teumer 2019 2 0 01 0 006 9 965E-02 3 116E-01 9 259E-01

MMP1 4924-32 1 CKD

Robust 

adjusted 

profile score 

(RAPS) Folkersen Wuttke 2019 2 0 023 0 028 4 224E-01 6 940E-01 8 714E-01

MMP1 4924-32_1 eGFR

Robust 

adjusted 

profile score 

(RAPS) Folkersen Wuttke 2019 2 0 001 0 001 4 665E-01 7 152E-01 5 627E-01

PLAT 2212-69 1 CKD

Robust 

adjusted 

profile score 

(RAPS) Emilsson Wuttke 2019 1 -0 118 0 056 3 424E-02 1 969E-01

PLAT 2212-69_1 eGFR

Robust 

adjusted 

profile score 

(RAPS) Emilsson Wuttke 2019 1 0 002 0 002 3 119E-01 5 519E-01

PLAT 2212-69_1 UACR

Robust 

adjusted 

profile score 

(RAPS) Emilsson Teumer 2019 1 0 008 0 012 5 289E-01 6 759E-01

PLG 3710-49_2 eGFR

Robust 

adjusted 

profile score 

(RAPS) Suhre Wuttke 2019 1 0 004 0 001 2 329E-03 2 679E-02

PLG 3710-49_2 UACR

Robust 

adjusted 

profile score 

(RAPS) Suhre Teumer 2019 1 -0 008 0 006 2 170E-01 3 432E-01

PLG 3710-49_2 CKD

Robust 

adjusted 

profile score 

(RAPS) Suhre Wuttke 2019 1 0 021 0 03 4 972E-01 7 623E-01

RELT 5115-31_3 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 0 01 0 006 9 001E-02 3 116E-01

RELT 5115-31 3 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 001 0 001 1 831E-01 3 829E-01

RELT 5115-31_3 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 013 0 027 6 326E-01 7 658E-01



234 

 

 

 

Supplementary Table 26. Two-sample MR evidence is suggestive of relationships 

between kidney traits (CKD, eGFR and UACR) and replicated metabolites in both 

directions.  

Results of bi-directional two-sample MR of 14 replicated metabolites and kidney traits (CKD, eGFR and 

UACR). Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; 

UACR, urinary albumin-to-creatinine ratio; MR, Mendelian Randomization.

RET 3220-40 2 UACR

 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 0 005 0 009 6 071E-01 6 982E-01

RET 3220-40_2 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 017 0 042 6 918E-01 7 956E-01

RET 3220-40 2 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 001 0 002 7 291E-01 7 986E-01

RETN 3046-31_1 UACR

Robust 

adjusted 

profile score 

(RAPS) Yao Teumer 2019 2 0 02 0 011 7 391E-02 3 116E-01 4 018E-01

RETN 3046-31_1 CKD

Robust 

adjusted 

profile score 

(RAPS) Yao Wuttke 2019 2 -0 064 0 053 2 263E-01 5 347E-01 1 400E-01

RETN 3046-31_1 eGFR

Robust 

adjusted 

profile score 

(RAPS) Yao Wuttke 2019 2 -0 001 0 002 7 216E-01 7 986E-01 1 866E-01

SCARF1 5129-12_3 UACR

Robust 

adjusted 

profile score 

(RAPS) Suhre Teumer 2019 1 0 008 0 004 8 115E-02 3 116E-01

SCARF1 5129-12_3 eGFR

Robust 

adjusted 

profile score 

(RAPS) Suhre Wuttke 2019 1 0 001 0 001 2 707E-01 5 188E-01

SCARF1 5129-12_3 CKD

Robust 

adjusted 

profile score 

(RAPS) Suhre Wuttke 2019 1 0 011 0 019 5 736E-01 7 647E-01

SPOCK2 5491-12_3 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 003 0 002 7 308E-02 2 583E-01

SPOCK2 5491-12_3 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 -0 015 0 01 1 069E-01 3 116E-01

SPOCK2 5491-12_3 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 011 0 043 8 055E-01 8 421E-01

TNFRSF19 5131-15_3 UACR

Robust 

adjusted 

profile score 

(RAPS) Emilsson Teumer 2019 1 0 024 0 045 5 957E-01 6 982E-01

TNFRSF19 5131-15 3 eGFR

Robust 

adjusted 

profile score 

(RAPS) Emilsson Wuttke 2019 1 0 005 0 009 5 910E-01 7 552E-01

TNFRSF19 5131-15_3 CKD

Robust 

adjusted 

profile score 

(RAPS) Emilsson Wuttke 2019 1 -0 102 0 194 5 985E-01 7 647E-01

TNFRSF1B 3152-57 1 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 001 0 002 5 740E-01 7 552E-01

TNFRSF1B 3152-57_1 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 034 0 056 5 393E-01 7 647E-01

TNFRSF1B 3152-57 1 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 -0 001 0 011 9 237E-01 9 237E-01

UNC5C 5139-32_3 UACR

Robust 

adjusted 

profile score 

(RAPS) Sun Teumer 2019 1 -0 013 0 008 1 085E-01 3 116E-01

UNC5C 5139-32_3 CKD

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 -0 053 0 039 1 745E-01 5 337E-01

UNC5C 5139-32_3 eGFR

Robust 

adjusted 

profile score 

(RAPS) Sun Wuttke 2019 1 0 001 0 001 4 286E-01 7 042E-01
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Metabolite

Kidney.tr

ait method MetToKy.direction

MetToKy.stud

y_met

MetToKy.stu

dy_kidney

MetToKy.nsn

p MetToKy b MetToKy.se

MetToKy.pv

al MetToKy.fdr

MetToKy IV

W.Q_pval

MetToKy.M

R 

Egger.Q_pval

MetToKy M

R 

Egger.interce

pt_pval

MetToKy.M

rpreso.Global 

Test Pvalue

MetToKy.M

Rpress Outli

ers.Indices O

R.Num

MetToKy.out

lier_correcte

d

MetToKy.MR supporte

d.Causal KyToMet direction

KyToMet.stu

dy_met

KyToMet stu

dy_kidney

KyToMet.ns

np KyToMet b KyToMet.se

KyToMet.pv

al KyToMet.fdr

KyToMet.IV

W.Q_pval

KyToMet M

R 

Egger.Q_pval

KyToMet.M

R 

Egger. nterce

pt_pval

KyToMet M

rpreso.Global 

Test.Pvalue

KyToMet.M

Rpress.Outli

ers.Indices.O

R.Num

KyToMet.out

lier_correcte

d

KyToMet.M

R.supported.

Causal

C10 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Draisma 2015 Wuttke 2019 1 -0.055 0.167 7. 05E-01 8.752E-01 efore no / insufficient power CKD To Metabolite Draisma 2015 Wu tke 2019 11 0.061 0.05 2 601E-01 .398E-01 5.330E-01 .678E-01 5.880E-01 0.565 before

o / nsufficient 

ower

C10 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Draisma 2015 Wuttke 2019 1 0.009 0.006 1.520E-01 1.6 7E-01 efore no / insufficient power eGFR To Metabolte Draisma 2015 Wu tke 2019 153 -0.517 0.33 1 219E-01 .398E-01 1.577E-01 1.631E-01 2.523E-01 0.15 before

o / nsufficient 

ower

C10 UACR

ou li ers-corrected 

In erse ariance 

weigh ed UACR To Metaboli e Draisma 2015 Teumer 2019 22 0.233 0.165 1 57 E-01 .57 E-01 after

o / nsufficient 

ower

C10 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Draisma 2015 Teumer 2019 1 -0.006 0.036 8.786E-01 8.786E-01 efore no / insufficient power UACR To Metaboli e Draisma 2015 Teumer 2019 25 0.151 0.155 3 299E-01 .398E-01 .370E-02 3.298E-02 8. 28E-01 0.0 6

No s gnificant 

ou liers before

o / nsufficient 

ower

C10 2 CKD

ou li ers-corrected 

Wald ratio Me abolte To CKD Draisma 2015 Wuttke 2019 1 -0.3 6 0.386 3.697E-01 5.5 6E-01 f er no / insufficient power

C10 2 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Draisma 2015 Wuttke 2019 2 0.3 3 0.327 2.939E-01 8.752E-01 1.855E-02 efore no / insufficient power CKD To Metabolite Draisma 2015 Wu tke 2019 12 0.037 0.023 1 073E-01 .1 7E-01 2.32 E-01 1.752E-01 8. 36E-01 0.2 5 before

o / nsufficient 

ower

C10 2 eGFR

ou li ers-corrected 

Wald ratio Me abolte To eGFR Draisma 2015 Wuttke 2019 1 0.033 0.01 1.608E-02 2. 12E-02 f er

yes  dif d rection of be a n 

KORA

C10 2 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Draisma 2015 Wuttke 2019 2 0.022 0.012 7.728E-02 1.005E-01 .016E-03 efore

yes  dif d rection of be a n 

KORA eGFR To Metabolte Draisma 2015 Wu tke 2019 160 -0.599 0.1 2 2. 6E-05 .783E-05 7. 52E-02 6.730E-02 8.718E-01 0.077 before

es  same 

irection of 

eta in KORA

C10 2 UACR

MR-PRESSO_Ou lier-

corrected UACR To Metaboli e Draisma 2015 Teumer 2019 2 0 06 0.068 3 921E-01 .55 E-01 0.019 1 before

o / nsufficient 

ower

C10 2 UACR

ou li ers-corrected 

In erse ariance 

weigh ed UACR To Metaboli e Draisma 2015 Teumer 2019 23 0.077 0.06 2 301E-01 .301E-01 after

o / nsufficient 

ower

C10 2 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Draisma 2015 Teumer 2019 2 0.053 0.058 3.613E-01 5.219E-01 8.089E-01 efore no / insufficient power UACR To Metaboli e Draisma 2015 Teumer 2019 25 0.057 0.065 3.781E-01 .0 1E-01 2.017E-02 .510E-02 9.759E-02 0.019 1 before

o / nsufficient 

ower

C12 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Lotta 2021 Wuttke 2019 3 -0.053 0.068 .352E-01 8.752E-01 2.258E-01 1.313E-01 6.778E-01 efore no / insufficient power

C12 eGFR

ou li ers-corrected 

Wald ratio Me abolte To eGFR Lotta 2021 Wuttke 2019 1 0.003 0.00 3.7 5E-01 3.787E-01 f er no / insufficient power

C12 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Lotta 2021 Wuttke 2019 3 -0.005 0.003 3.512E-02 5.707E-02 9.083E-11 6. 27E-07 5.228E-01 efore no / insufficient power

C12 UACR

ou li ers-corrected 

Wald ratio Me abolte To UACR Lotta 2021 Teumer 2019 1 -0.02 0.02 2.339E-01 2. 59E-01 f er no / insufficient power

C12 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Lotta 2021 Teumer 2019 3 0.092 0.016 1.272E-08 1.653E-07 2.838E-06 9.682E-01 1.2 E-01 efore no / insufficient power

C1 1 CKD

Robust adjusted profile 

score (RAPS) CKD To Metabolite Draisma 2015 Wu tke 2019 9 0.022 0.028 2 5E-01 .661E-01 6.905E-01 6.105E-01 6.631E-01 0.6 8 before

o / nsufficient 

ower

C1 1 eGFR

Robust adjusted profile 

score (RAPS) eGFR To Metabolte Draisma 2015 Wu tke 2019 105 -0.086 0.19 6 561E-01 .561E-01 1.079E-01 1.738E-01 2.561E-02 0.109 before

o / nsufficient 

ower

C1 1 UACR

Robust adjusted profile 

score (RAPS) UACR To Metaboli e Draisma 2015 Teumer 2019 19 0.151 0.077 8 6E-02 .693E-02 7.918E-01 9.171E-01 8.559E-02 0.72 before

o / nsufficient 

ower

C1 1‐OH CKD

MR-PRESSO_Ou lier-

corrected CKD To Metabolite Draisma 2015 Wu tke 2019 9 0.091 0.081 2 920E-01 .991E-01 0.022 1 before

o / nsufficient 

ower

C1 1‐OH CKD

ou li ers-corrected 

In erse ariance 

weigh ed CKD To Metabolite Draisma 2015 Wu tke 2019 9 0.091 0.081 2 593E-01 .593E-01 after

o / nsufficient 

ower

C1 1‐OH CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Draisma 2015 Wuttke 2019 1 0.01 0.155 9.255E-01 9.255E-01 efore no / insufficient power CKD To Metabolite Draisma 2015 Wu tke 2019 10 0.058 0.06 3 651E-01 .553E-01 2.629E-02 3.0 1E-02 3.715E-01 0.022 1 before

o / nsufficient 

ower

C1 1‐OH eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Draisma 2015 Wuttke 2019 1 0.006 0.006 2.9 8E-01 2.9 8E-01 efore no / insufficient power eGFR To Metabolte Draisma 2015 Wu tke 2019 152 -0 29 0.378 . 23E-01 .553E-01 7.15 E-02 8.871E-02 9.3 1E-02 0.06 before

o / nsufficient 

ower

C1 1‐OH UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Draisma 2015 Teumer 2019 1 0.01 0.033 6.672E-01 7.885E-01 efore no / insufficient power UACR To Metaboli e Draisma 2015 Teumer 2019 22 0.112 0.19 5 553E-01 .553E-01 5.266E-01 6.653E-01 9.322E-02 0.537 before

o / nsufficient 

ower

C1 2 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Draisma 2015 Wuttke 2019 2 -0.108 0.131 .092E-01 8.752E-01 1.089E-01 efore no / insufficient power CKD To Metabolite Draisma 2015 Wu tke 2019 12 0 07 0.0 2 9 609E-02 .922E-01 5.220E-01 .32 E-01 9.883E-01 0.511 before

o / nsufficient 

ower

C1 2 eGFR

ou li ers-corrected 

Wald ratio Me abolte To eGFR Draisma 2015 Wuttke 2019 1 0.0 7 0.008 6.25 E-09 2.81 E-08 f er

yes  dif d rection of be a n 

KORA

C1 2 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Draisma 2015 Wuttke 2019 2 0.0 7 0.01 5.676E-06 1.8 5E-05 1.150E-07 efore

yes  dif d rection of be a n 

KORA eGFR To Metabolte Draisma 2015 Wu tke 2019 160 -0.795 0.261 2 29 E-03 .175E-03 6.055E-02 5. 60E-02 8.195E-01 0 06 before

es  same 

irection of 

eta in KORA

C1 2 UACR

ou li ers-corrected 

Wald ratio Me abolte To UACR Draisma 2015 Teumer 2019 1 0.282 0.0 7 2. 07E-09 9.095E-09 f er

yes  same direction of beta 

n KORA

C1 2 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Draisma 2015 Teumer 2019 2 0.281 0.06 2. 97E-06 8.115E-06 2.766E-07 efore

yes  same direction of beta 

n KORA UACR To Metaboli e Draisma 2015 Teumer 2019 25 0.119 0.119 3 18 E-01 . 5E-01 5. 88E-01 5. 8 E-01 3.337E-01 0.587 before

o / nsufficient 

ower

C16 CKD

ou li ers-corrected 

Wald ratio Me abolte To CKD Lotta 2021 Wuttke 2019 1 0.002 0.05 9.707E-01 9.707E-01 f er no / insufficient power

C16 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Lotta 2021 Wuttke 2019 3 -0.005 0.0 3 9.0 5E-01 9.255E-01 .320E-02 1.766E-02 7.909E-01 efore no / insufficient power

C16 eGFR

ou li ers-corrected 

Wald ratio Me abolte To eGFR Lotta 2021 Wuttke 2019 1 -0.002 0.002 2.3 9E-01 3.020E-01 f er no / insufficient power

C16 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Lotta 2021 Wuttke 2019 3 -0.00 0.002 2.520E-02 5. 59E-02 1.085E-08 3.680E-09 8.5 1E-01 efore no / insufficient power

C16 UACR

ou li ers-corrected 

Wald ratio Me abolte To UACR Lotta 2021 Teumer 2019 1 0.013 0.012 2. 59E-01 2. 59E-01 f er no / insufficient power

C16 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Lotta 2021 Teumer 2019 3 0.01 0.009 2.869E-01 .661E-01 3.2 8E-0 1.317E-0 8.059E-01 efore no / insufficient power

C18 1 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Draisma 2015 Wuttke 2019 3 -0.102 0.178 5.658E-01 8.752E-01 2.312E-01 2. 73E-01 .726E-01 efore no / insufficient power CKD To Metabolite Draisma 2015 Wu tke 2019 12 -0.011 0.025 6 631E-01 .8 1E-01 .886E-01 .03 E-01 8.532E-01 0. 92 before

o / nsufficient 

ower

C18 1 eGFR

ou li ers-corrected 

In erse ariance 

weigh ed Me abolte To eGFR Draisma 2015 Wuttke 2019 2 0.008 0.01 3.787E-01 3.787E-01 f er no / insufficient power

C18 1 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Draisma 2015 Wuttke 2019 3 0.032 0.008 3.722E-05 9.676E-05 1.0 7E-02 6.127E-01 2.063E-01 efore no / insufficient power eGFR To Metabolte Draisma 2015 Wu tke 2019 161 -0.002 0.155 9 88 E-01 .88 E-01 2.775E-01 2.639E-01 6.179E-01 0.25 before

o / nsufficient 

ower

C18 1 UACR

ou li ers-corrected 

Wald ratio Me abolte To UACR Draisma 2015 Teumer 2019 1 0.13 0.079 9.836E-02 1. 75E-01 f er no / insufficient power
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C18 1 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Draisma 2015 Teumer 2019 3 0.225 0.0 5 7.230E-07 3.133E-06 6.8 3E-05 1.955E-03 5.000E-01 efore no / insufficient power UACR To Metaboli e Draisma 2015 Teumer 2019 25 0.122 0.071 8 503E-02 .31 E-01 8. 88E-01 8. 53E-01 3.899E-01 0.833 before

o / nsufficient 

ower

C2 CKD

ou li ers-corrected 

In erse ariance 

weigh ed Me abolte To CKD Draisma 2015 Wuttke 2019 3 0.203 0.156 1.933E-01 5.5 6E-01 f er no / insufficient power

C2 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Draisma 2015 Wuttke 2019 0.06 0.112 5.902E-01 8.752E-01 2.917E-02 1.351E-02 7.890E-01 0.17 efore no / insufficient power CKD To Metabolite Draisma 2015 Wu tke 2019 12 0.006 0.031 8 516E-01 .516E-01 6. 87E-01 6. 55E-01 3.703E-01 0.671 before

o / nsufficient 

ower

C2 eGFR

MR-PRESSO_Ou lier-

corrected Me abolte To eGFR Draisma 2015 Wuttke 2019 2 0.003 0.007 7. 5 E-01 8.069E-01 0.006 2 efore no / insufficient power eGFR To Metabolte Draisma 2015 Wu tke 2019 161 before

C2 eGFR

ou li ers-corrected 

Wald ratio Me abolte To eGFR Draisma 2015 Wuttke 2019 1 0.0 0.007 1.21 E-08 3.6 2E-08 f er no / insufficient power

C2 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Draisma 2015 Wuttke 2019 -0.009 0.00 3.387E-02 5.707E-02 5.821E-08 8.823E-07 5.137E-01 0.006 2 efore no / insufficient power eGFR To Metabolte Draisma 2015 Wu tke 2019 161 -0.615 0.196 1 672E-03 .688E-03 8.559E-02 7.905E-02 6.579E-01 0.089 before

es  same 

irection of 

eta in KORA

C2 UACR

MR-PRESSO_Ou lier-

corrected Me abolte To UACR Draisma 2015 Teumer 2019 2 0.1 0.021 1.326E-01 3.051E-01 0.0 2 2 efore no / insufficient power UACR To Metaboli e Draisma 2015 Teumer 2019 25 before

o / nsufficient 

ower

C2 UACR

ou li ers-corrected 

Wald ratio Me abolte To UACR Draisma 2015 Teumer 2019 1 0.2 1 0.0 1 3.032E-09 9.095E-09 f er no / insufficient power

C2 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Draisma 2015 Teumer 2019 0.111 0.026 1.637E-05 .256E-05 7.655E-05 .122E-0 .70 E-01 0.0 2 2 efore no / insufficient power UACR To Metaboli e Draisma 2015 Teumer 2019 25 0.118 0.09 1 87 E-01 .737E-01 6.919E-01 6.369E-01 9.576E-01 0.70 before

o / nsufficient 

ower

C6(C 1‐DC) CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Lotta 2021 Wuttke 2019 1 -0.08 0.076 2.689E-01 8.752E-01 efore no / insufficient power CKD To Metabolite Shin 201 Wu tke 2019 12 0.002 0.016 8 995E-01 .995E-01 5. 03E-01 5.273E-01 3.812E-01 0.538 before

o / nsufficient 

ower

C6(C 1‐DC) eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Lotta 2021 Wuttke 2019 1 0.006 0.003 5.308E-02 7.667E-02 efore no / insufficient power eGFR To Metabolte Shin 201 Wu tke 2019 1 2 -0.196 0.103 5 683E-02 .273E-01 1.768E-01 2.196E-01 6.387E-02 0 18 before

o / nsufficient 

ower

C6(C 1‐DC) UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Lotta 2021 Teumer 2019 1 -0.02 0.016 1. 05E-01 2.608E-01 efore no / insufficient power UACR To Metaboli e Shin 201 Teumer 2019 2 -0.019 0.0 5 6.785E-01 .995E-01 9.551E-02 7.501E-02 8.113E-01 0.108 before

o / nsufficient 

ower

C5 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Lotta 2021 Wuttke 2019 3 -0.017 0.0 6.976E-01 8.752E-01 7.3 1E-02 3.195E-01 2.880E-01 efore no / insufficient power

C5 eGFR

ou li ers-corrected 

Wald ratio Me abolte To eGFR Lotta 2021 Wuttke 2019 1 0.01 0.00 8. 29E-03 1.517E-02 f er

yes  dif d rection of be a n 

KORA

C5 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Lotta 2021 Wuttke 2019 3 0.011 0.002 7.931E-10 6.081E-09 2.078E-06 3.230E-0 .963E-01 efore

yes  dif d rection of be a n 

KORA

C5 UACR

ou li ers-corrected 

Wald ratio Me abolte To UACR Lotta 2021 Teumer 2019 1 0.06 0.012 1.972E-07 3.9 3E-07 f er

yes  dif d rection of be a n 

KORA

C5 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Lotta 2021 Teumer 2019 3 0.05 0.01 1.625E-07 1.056E-06 1.690E-03 1.22 E-02 .9 7E-01 efore

yes  dif d rection of be a n 

KORA

C8 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Draisma 2015 Wuttke 2019 1 -0.071 0.197 7.17 E-01 8.752E-01 efore no / insufficient power CKD To Metabolite Draisma 2015 Wu tke 2019 12 0.057 0.0 7 2 212E-01 . 25E-01 .307E-01 3.653E-01 6. 22E-01 0. 16 before

o / nsufficient 

ower

C8 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Draisma 2015 Wuttke 2019 1 0.011 0.008 1. 57E-01 1.6 7E-01 efore no / insufficient power eGFR To Metabolte Draisma 2015 Wu tke 2019 152 -0. 87 0.295 9 916E-02 .966E-01 2.976E-01 3.008E-01 2.892E-01 0.302 before

o / nsufficient 

ower

C8 UACR

ou li ers-corrected 

In erse ariance 

weigh ed UACR To Metaboli e Draisma 2015 Teumer 2019 21 0.033 0.139 8 105E-01 .105E-01 after

o / nsufficient 

ower

C8 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Draisma 2015 Teumer 2019 1 -0.007 0.0 3 8.7 8E-01 8.786E-01 efore no / insufficient power UACR To Metaboli e Draisma 2015 Teumer 2019 25 0.131 0.137 3 382E-01 .509E-01 3.0 3E-02 2.283E-02 8.016E-01 0.033

No s gnificant 

ou liers before

o / nsufficient 

ower

C8 1 CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Draisma 2015 Wuttke 2019 0.308 0.10 3.095E-03 .02 E-02 .03 E-01 5.581E-01 3.160E-01 0. 33 efore

yes  same direction of beta 

n KORA CKD To Metabolite Draisma 2015 Wu tke 2019 12 0.022 0.0 5 809E-01 .8 E-01 1.651E-01 1.210E-01 8.252E-01 0.157 before

o / nsufficient 

ower

C8 1 eGFR

ou li ers-corrected 

Wald ratio Me abolte To eGFR Draisma 2015 Wuttke 2019 1 -0.038 0.005 3.906E-12 3.515E-11 f er

yes  same direction of beta 

n KORA

C8 1 eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Draisma 2015 Wuttke 2019 -0.028 0.005 9.355E-10 6.081E-09 1.751E-02 5.065E-02 3.589E-01 0.157 efore

yes  same direction of beta 

n KORA eGFR To Metabolte Draisma 2015 Wu tke 2019 161 -0.879 0.25 383E-0 .753E-03 2. 2E-01 2.398E-01 3.981E-01 0 26 before

es  same 

irection of 

eta in KORA

C8 1 UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Draisma 2015 Teumer 2019 -0.072 0.022 1.08 E-03 2.3 9E-03 9.129E-01 7.726E-01 9.265E-01 0.927 efore

yes  same direction of beta 

n KORA UACR To Metaboli e Draisma 2015 Teumer 2019 25 -0.0 6 0.11 6 8 E-01 .8 E-01 5.150E-01 .8 7E-01 .918E-01 0.552 before

o / nsufficient 

ower

Tyr CKD

Robust adjusted profile 

score (RAPS) Me abolte To CKD Draisma 2015 Wuttke 2019 3 -0.65 0.239 6.502E-03 .226E-02 1.931E-01 5.297E-01 3.383E-01 efore

yes  same direction of beta 

n KORA CKD To Metabolite Draisma 2015 Wu tke 2019 12 -0.028 0.021 1 915E-01 .830E-01 3. 37E-01 2.857E-01 6.396E-01 0.331 before

o / nsufficient 

ower

Tyr eGFR

ou li ers-corrected 

Wald ratio Me abolte To eGFR Draisma 2015 Wuttke 2019 1 0.0 5 0.013 5.162E-0 1.162E-03 f er

yes  same direction of beta 

n KORA

Tyr eGFR

Robust adjusted profile 

score (RAPS) Me abolte To eGFR Draisma 2015 Wuttke 2019 3 0.052 0.011 9.790E-07 .2 3E-06 1.2 1E-02 5.529E-01 2.112E-01 efore

yes  same direction of beta 

n KORA eGFR To Metabolte Draisma 2015 Wu tke 2019 162 0.22 0.132 9 01 E-02 .605E-01 7.293E-02 6.776E-02 6.022E-01 0.08 before

o / nsufficient 

ower

Tyr UACR

ou li ers-corrected 

In erse ariance 

weigh ed UACR To Metaboli e Draisma 2015 Teumer 2019 22 -0 0 0.061 5 110E-01 .110E-01 after

o / nsufficient 

ower

Tyr UACR

Robust adjusted profile 

score (RAPS) Me abolte To UACR Draisma 2015 Teumer 2019 3 -0.031 0.05 5.367E-01 6.977E-01 3.066E-01 1.892E-01 6.515E-01 efore no / insufficient power UACR To Metaboli e Draisma 2015 Teumer 2019 25 -0.003 0.061 9 557E-01 .557E-01 1.7 9E-02 1.306E-02 7.529E-01 0.027

No s gnificant 

ou liers before

o / nsufficient 

ower
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Supplementary Table 27. Multi-omics prediction of incident CKD in hyperglycemic individuals of KORA F4. 

Over 100 times of bootstrapping, the mean (± SD) and median AUC (95% CI) of predictive models built by each number of levels of omics predictors for each omics combination 

in each reference set are shown, respectively. AUC values were calculated with random forest using testing data. 

ref 1: baseline age, sex; ref 2:  baseline age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering 

drugs, antihypertensive and anti-diabetic medication; ref 3: baseline age, sex, eGFR and UACR; ref 4: baseline age, eGFR, UACR, total cholesterol, fasting glucose, SM C18:1 and 

PC aa C38:0. 

Abbreviations: AUC, area under the receiver operating characteristic curve; GPS, genome wide polygenic score of eGFR values; CKD, chronic kidney disease; eGFR, estimated 

glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio.
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num.omics.l

evels.combi

ne ref model combination

mean.SampleS

ize.train

mean.Sample

Size.test median.95CI.AUC.test

mean.SD.AUC.t

est

two levels ref1 ref ref_Metabolites 744 274 0 694(0 639 - 0 75) 0 694 +/- 0 033

two levels ref1 ref + 1omics ref_Metabolites 744 274 0 7(0 629 - 0 759) 0 7 +/- 0 035

two levels ref1 ref ref GPS 680 251 0 708(0 647 - 0 764) 0 707 +/- 0 034

two levels ref1 ref + 1omics ref_GPS 680 251 0 718(0 666 - 0 774) 0 721 +/- 0 031

three levels ref1 ref ref_GPS_Metabolites 673 248 0 709(0 645 - 0 765) 0 708 +/- 0 033

three levels ref1 ref + GPS ref_GPS_Metabolites 673 248 0 722(0 658 - 0 773) 0 722 +/- 0 032

three levels ref1 ref + GPS + 1omics ref_GPS_Metabolites 673 248 0 732(0 68 - 0 788) 0 73 +/- 0 03

four levels ref1 ref ref GPS CpGs Metabolites 502 185 0 697(0 621 - 0 771) 0 694 +/- 0 043

four levels ref1 ref + GPS ref_GPS_CpGs_Metabolites 502 185 0 702(0 623 - 0 781) 0 7 +/- 0 041

four levels ref1 ref + GPS + 1omics ref_GPS_CpGs_Metabolites 502 185 0 682(0 631 - 0 758) 0 686 +/- 0 035

four levels ref1 ref + GPS + 2omics ref GPS CpGs Metabolites 502 185 0 684(0 61 - 0 74) 0 68 +/- 0 032

three levels ref1 ref ref_GPS_CpGs 507 186 0 698(0 624 - 0 764) 0 693 +/- 0 04

three levels ref1 ref + GPS ref_GPS_CpGs 507 186 0 708(0 631 - 0 776) 0 704 +/- 0 04

three levels ref1 ref + GPS + 1omics ref_GPS_CpGs 507 186 0 682(0 622 - 0 747) 0 685 +/- 0 035

five levels ref1 ref

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 624(0 52 - 0 709) 0 625 +/- 0 052

five levels ref1 ref + GPS

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 662(0 549 - 0 74) 0 658 +/- 0 053

five levels ref1 ref + GPS + 1omics

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 673(0 569 - 0 777) 0 673 +/- 0 055

five levels ref1 ref + GPS + 2omics

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 678(0 583 - 0 771) 0 678 +/- 0 053

five levels ref1 ref + GPS + 3omics

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 685(0 606 - 0 766) 0 684 +/- 0 047

three levels ref1 ref ref_GPS_Proteins 418 155 0 625(0 527 - 0 708) 0 623 +/- 0 052

three levels ref1 ref + GPS ref_GPS_Proteins 418 155 0 662(0 565 - 0 745) 0 661 +/- 0 049

three levels ref1 ref + GPS + 1omics ref GPS Proteins 418 155 0 693(0 608 - 0 79) 0 694 +/- 0 052

four levels ref1 ref

ref_GPS_Proteins_Metabolit

es 413 154 0 632(0 518 - 0 711) 0 628 +/- 0 051

four levels ref1 ref + GPS

ref_GPS_Proteins_Metabolit

es 413 154 0 657(0 557 - 0 733) 0 652 +/- 0 05

four levels ref1 ref + GPS + 1omics

ref_GPS_Proteins_Metabolit

es 413 154 0 681(0 594 - 0 767) 0 679 +/- 0 051

four levels ref1 ref + GPS + 2omics

ref_GPS_Proteins_Metabolit

es 413 154 0 694(0 602 - 0 773) 0 693 +/- 0 045

three levels ref1 ref ref GPS RNAs 247 90 0 655(0 553 - 0 741) 0 653 +/- 0 054

three levels ref1 ref + GPS ref_GPS_RNAs 247 90 0 653(0 572 - 0 735) 0 659 +/- 0 045

three levels ref1 ref + GPS + 1omics ref_GPS_RNAs 247 90 0 6(0 485 - 0 705) 0 606 +/- 0 053

two levels ref1 ref ref CpGs 558 205 0 691(0 618 - 0 756) 0 687 +/- 0 04

two levels ref1 ref + 1omics ref_CpGs 558 205 0 661(0 586 - 0 733) 0 663 +/- 0 038

two levels ref1 ref ref_Proteins 440 163 0 629(0 518 - 0 706) 0 626 +/- 0 049

two levels ref1 ref + 1omics ref_Proteins 440 163 0 668(0 581 - 0 754) 0 671 +/- 0 05

two levels ref1 ref ref_RNAs 277 102 0 657(0 575 - 0 761) 0 659 +/- 0 049

two levels ref1 ref + 1omics ref_RNAs 277 102 0 622(0 539 - 0 694) 0 619 +/- 0 046

two levels ref2 ref ref_Metabolites 743 274 0 72(0 664 - 0 769) 0 718 +/- 0 028

two levels ref2 ref + 1omics ref_Metabolites 743 274 0 725(0 667 - 0 773) 0 724 +/- 0 028

two levels ref2 ref ref GPS 677 250 0 727(0 664 - 0 78) 0 726 +/- 0 03

two levels ref2 ref + 1omics ref_GPS 677 250 0 748(0 695 - 0 798) 0 747 +/- 0 027
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three levels ref2 ref ref_GPS_Metabolites 672 248 0 723(0 661 - 0 779) 0 723 +/- 0 032

three levels ref2 ref + GPS ref_GPS_Metabolites 672 248 0 744(0 687 - 0 796) 0 743 +/- 0 028

three levels ref2 ref + GPS + 1omics ref_GPS_Metabolites 672 248 0 746(0 682 - 0 797) 0 744 +/- 0 028

four levels ref2 ref ref_GPS_CpGs_Metabolites 501 184 0 689(0 614 - 0 747) 0 687 +/- 0 033

four levels ref2 ref + GPS ref_GPS_CpGs_Metabolites 501 184 0 709(0 644 - 0 773) 0 707 +/- 0 033

four levels ref2 ref + GPS + 1omics ref_GPS_CpGs_Metabolites 501 184 0 7(0 632 - 0 755) 0 698 +/- 0 032

four levels ref2 ref + GPS + 2omics ref GPS CpGs Metabolites 501 184 0 689(0 607 - 0 753) 0 691 +/- 0 037

three levels ref2 ref ref_GPS_CpGs 505 186 0 692(0 617 - 0 752) 0 69 +/- 0 033

three levels ref2 ref + GPS ref_GPS_CpGs 505 186 0 712(0 644 - 0 773) 0 711 +/- 0 031

three levels ref2 ref + GPS + 1omics ref_GPS_CpGs 505 186 0 693(0 615 - 0 771) 0 697 +/- 0 037

five levels ref2 ref

ref_GPS_CpGs_Proteins_Me

tabolites 389 144 0 661(0 566 - 0 746) 0 661 +/- 0 045

five levels ref2 ref + GPS

ref_GPS_CpGs_Proteins_Me

tabolites 389 144 0 692(0 613 - 0 776) 0 691 +/- 0 042

five levels ref2 ref + GPS + 1omics

ref_GPS_CpGs_Proteins_Me

tabolites 389 144 0 685(0 606 - 0 784) 0 69 +/- 0 047

five levels ref2 ref + GPS + 2omics

ref_GPS_CpGs_Proteins_Me

tabolites 389 144 0 688(0 602 - 0 788) 0 692 +/- 0 048

five levels ref2 ref + GPS + 3omics

ref_GPS_CpGs_Proteins_Me

tabolites 389 144 0 673(0 584 - 0 777) 0 678 +/- 0 05

three levels ref2 ref ref_GPS_Proteins 416 154 0 668(0 586 - 0 748) 0 669 +/- 0 047

three levels ref2 ref + GPS ref GPS Proteins 416 154 0 697(0 627 - 0 78) 0 699 +/- 0 04

three levels ref2 ref + GPS + 1omics ref_GPS_Proteins 416 154 0 705(0 63 - 0 81) 0 71 +/- 0 048

four levels ref2 ref

ref_GPS_Proteins_Metabolit

es 413 153 0 661(0 581 - 0 743) 0 663 +/- 0 047

four levels ref2 ref + GPS

ref_GPS_Proteins_Metabolit

es 413 153 0 689(0 619 - 0 769) 0 693 +/- 0 04

four levels ref2 ref + GPS + 1omics

ref_GPS_Proteins_Metabolit

es 413 153 0 696(0 601 - 0 789) 0 696 +/- 0 048

four levels ref2 ref + GPS + 2omics

ref_GPS_Proteins_Metabolit

es 413 153 0 705(0 606 - 0 777) 0 701 +/- 0 046

three levels ref2 ref ref_GPS_RNAs 247 90 0 604(0 545 - 0 686) 0 607 +/- 0 041

three levels ref2 ref + GPS ref GPS RNAs 247 90 0 632(0 556 - 0 711) 0 633 +/- 0 04

three levels ref2 ref + GPS + 1omics ref_GPS_RNAs 247 90 0 615(0 522 - 0 683) 0 615 +/- 0 044

two levels ref2 ref ref_CpGs 556 204 0 693(0 626 - 0 766) 0 69 +/- 0 035

two levels ref2 ref + 1omics ref_CpGs 556 204 0 672(0 605 - 0 745) 0 674 +/- 0 038

two levels ref2 ref ref_Proteins 438 162 0 67(0 586 - 0 747) 0 671 +/- 0 042

two levels ref2 ref + 1omics ref_Proteins 438 162 0 689(0 605 - 0 784) 0 688 +/- 0 047

two levels ref2 ref ref_RNAs 277 102 0 63(0 561 - 0 695) 0 629 +/- 0 038

two levels ref2 ref + 1omics ref RNAs 277 102 0 622(0 518 - 0 688) 0 615 +/- 0 048

two levels ref3 ref ref_Metabolites 744 274 0 79(0 738 - 0 834) 0 788 +/- 0 026

two levels ref3 ref + 1omics ref_Metabolites 744 274 0 806(0 756 - 0 857) 0 806 +/- 0 027

two levels ref3 ref ref GPS 680 251 0 802(0 758 - 0 855) 0 801 +/- 0 026

two levels ref3 ref + 1omics ref_GPS 680 251 0 82(0 771 - 0 867) 0 82 +/- 0 025

three levels ref3 ref ref_GPS_Metabolites 673 248 0 803(0 753 - 0 85) 0 802 +/- 0 027

three levels ref3 ref + GPS ref_GPS_Metabolites 673 248 0 822(0 775 - 0 868) 0 822 +/- 0 026

three levels ref3 ref + GPS + 1omics ref_GPS_Metabolites 673 248 0 824(0 771 - 0 874) 0 824 +/- 0 027

four levels ref3 ref ref_GPS_CpGs_Metabolites 502 185 0 779(0 717 - 0 84) 0 777 +/- 0 033

four levels ref3 ref + GPS ref_GPS_CpGs_Metabolites 502 185 0 8(0 728 - 0 855) 0 799 +/- 0 032
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four levels ref3 ref + GPS + 1omics ref_GPS_CpGs_Metabolites 502 185 0 793(0 742 - 0 848) 0 796 +/- 0 029

four levels ref3 ref + GPS + 2omics ref_GPS_CpGs_Metabolites 502 185 0 793(0 742 - 0 844) 0 792 +/- 0 029

three levels ref3 ref ref_GPS_CpGs 507 186 0 785(0 72 - 0 84) 0 778 +/- 0 033

three levels ref3 ref + GPS ref_GPS_CpGs 507 186 0 804(0 743 - 0 852) 0 801 +/- 0 03

three levels ref3 ref + GPS + 1omics ref_GPS_CpGs 507 186 0 796(0 728 - 0 842) 0 793 +/- 0 031

five levels ref3 ref

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 729(0 648 - 0 798) 0 726 +/- 0 041

five levels ref3 ref + GPS

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 755(0 667 - 0 817) 0 756 +/- 0 039

five levels ref3 ref + GPS + 1omics

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 765(0 686 - 0 848) 0 764 +/- 0 042

five levels ref3 ref + GPS + 2omics

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 768(0 672 - 0 85) 0 762 +/- 0 041

five levels ref3 ref + GPS + 3omics

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 758(0 683 - 0 817) 0 759 +/- 0 035

three levels ref3 ref ref_GPS_Proteins 418 155 0 731(0 65 - 0 793) 0 731 +/- 0 038

three levels ref3 ref + GPS ref_GPS_Proteins 418 155 0 764(0 682 - 0 83) 0 765 +/- 0 039

three levels ref3 ref + GPS + 1omics ref_GPS_Proteins 418 155 0 782(0 695 - 0 847) 0 778 +/- 0 037

four levels ref3 ref

ref_GPS_Proteins_Metabolit

es 413 154 0 731(0 642 - 0 794) 0 729 +/- 0 041

four levels ref3 ref + GPS

ref_GPS_Proteins_Metabolit

es 413 154 0 759(0 675 - 0 822) 0 76 +/- 0 04

four levels ref3 ref + GPS + 1omics

ref_GPS_Proteins_Metabolit

es 413 154 0 772(0 696 - 0 842) 0 769 +/- 0 038

four levels ref3 ref + GPS + 2omics

ref_GPS_Proteins_Metabolit

es 413 154 0 785(0 719 - 0 842) 0 781 +/- 0 034

three levels ref3 ref ref_GPS_RNAs 247 90 0 77(0 693 - 0 863) 0 773 +/- 0 042

three levels ref3 ref + GPS ref_GPS_RNAs 247 90 0 79(0 714 - 0 859) 0 788 +/- 0 039

three levels ref3 ref + GPS + 1omics ref_GPS_RNAs 247 90 0 789(0 711 - 0 853) 0 786 +/- 0 04

two levels ref3 ref ref_CpGs 558 205 0 775(0 713 - 0 826) 0 772 +/- 0 031

two levels ref3 ref + 1omics ref_CpGs 558 205 0 779(0 716 - 0 834) 0 777 +/- 0 031

two levels ref3 ref ref_Proteins 440 163 0 719(0 631 - 0 778) 0 718 +/- 0 039

two levels ref3 ref + 1omics ref Proteins 440 163 0 762(0 69 - 0 827) 0 76 +/- 0 037

two levels ref3 ref ref_RNAs 277 102 0 766(0 68 - 0 854) 0 767 +/- 0 041

two levels ref3 ref + 1omics ref_RNAs 277 102 0 778(0 699 - 0 866) 0 777 +/- 0 041

two levels ref4 ref ref_Metabolites 744 274 0 826(0 775 - 0 856) 0 821 +/- 0 023

two levels ref4 ref + 1omics ref_Metabolites 744 274 0 818(0 778 - 0 86) 0 82 +/- 0 024

two levels ref4 ref ref_GPS 673 248 0 826(0 779 - 0 864) 0 823 +/- 0 024

two levels ref4 ref + 1omics ref_GPS 673 248 0 832(0 784 - 0 878) 0 831 +/- 0 026

three levels ref4 ref ref GPS Metabolites 673 248 0 826(0 779 - 0 864) 0 823 +/- 0 024

three levels ref4 ref + GPS ref_GPS_Metabolites 673 248 0 832(0 784 - 0 878) 0 831 +/- 0 026

three levels ref4 ref + GPS + 1omics ref_GPS_Metabolites 673 248 0 833(0 786 - 0 869) 0 83 +/- 0 023

four levels ref4 ref ref GPS CpGs Metabolites 502 185 0 8(0 743 - 0 851) 0 799 +/- 0 027

four levels ref4 ref + GPS ref_GPS_CpGs_Metabolites 502 185 0 811(0 757 - 0 859) 0 807 +/- 0 027

four levels ref4 ref + GPS + 1omics ref_GPS_CpGs_Metabolites 502 185 0 803(0 753 - 0 856) 0 802 +/- 0 029

four levels ref4 ref + GPS + 2omics ref_GPS_CpGs_Metabolites 502 185 0 802(0 751 - 0 846) 0 804 +/- 0 026

three levels ref4 ref ref_GPS_CpGs 502 185 0 8(0 743 - 0 851) 0 799 +/- 0 027

three levels ref4 ref + GPS ref_GPS_CpGs 502 185 0 811(0 757 - 0 859) 0 807 +/- 0 027

three levels ref4 ref + GPS + 1omics ref_GPS_CpGs 502 185 0 804(0 742 - 0 862) 0 801 +/- 0 03
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Supplementary Table 28. The mean value of coefficients and the selected times and 

frequency of the top five selected candidates for each combination in four refer-

ence sets over 100 times of bootstrapping.  

Over 100 times of bootstrapping, the mean value of coefficients, the selected times and frequency of the 

top five selected features using priority lasso for each omics combination in each reference set are presented. 

ref1: baseline age, sex; ref2 :  baseline age, sex, BMI, systolic blood pressure, smoking status, triglyceride, 

total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihypertensive and anti-

diabetic medication; ref3: baseline age, sex, eGFR and UACR;  ref4: baseline age, eGFR, UACR, total 

cholesterol, fasting glucose, SM C18:1 and PC aa C38:0. 

Abbreviations: GPS, genome wide polygenic score of eGFR values; CKD, chronic kidney disease; eGFR, 

estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio.  

five levels ref4 ref

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 777(0 68 - 0 846) 0 775 +/- 0 039

five levels ref4 ref + GPS

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 783(0 694 - 0 849) 0 781 +/- 0 04

five levels ref4 ref + GPS + 1omics

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 779(0 695 - 0 836) 0 777 +/- 0 037

five levels ref4 ref + GPS + 2omics

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 774(0 673 - 0 83) 0 769 +/- 0 04

five levels ref4 ref + GPS + 3omics

ref_GPS_CpGs_Proteins_Me

tabolites 390 144 0 77(0 658 - 0 832) 0 766 +/- 0 048

three levels ref4 ref ref_GPS_Proteins 413 154 0 783(0 694 - 0 838) 0 779 +/- 0 039

three levels ref4 ref + GPS ref GPS Proteins 413 154 0 785(0 696 - 0 853) 0 785 +/- 0 04

three levels ref4 ref + GPS + 1omics ref_GPS_Proteins 413 154 0 784(0 702 - 0 852) 0 783 +/- 0 038

four levels ref4 ref

ref_GPS_Proteins_Metabolit

es 413 154 0 783(0 694 - 0 838) 0 779 +/- 0 039

four levels ref4 ref + GPS

ref_GPS_Proteins_Metabolit

es 413 154 0 785(0 696 - 0 853) 0 785 +/- 0 04

four levels ref4 ref + GPS + 1omics

ref_GPS_Proteins_Metabolit

es 413 154 0 787(0 705 - 0 852) 0 784 +/- 0 038

four levels ref4 ref + GPS + 2omics

ref_GPS_Proteins_Metabolit

es 413 154 0 782(0 717 - 0 837) 0 783 +/- 0 037

three levels ref4 ref ref_GPS_RNAs 243 89 0 787(0 716 - 0 865) 0 788 +/- 0 038

three levels ref4 ref + GPS ref GPS RNAs 243 89 0 797(0 728 - 0 867) 0 797 +/- 0 037

three levels ref4 ref + GPS + 1omics ref_GPS_RNAs 243 89 0 79(0 708 - 0 853) 0 788 +/- 0 041

two levels ref4 ref ref_CpGs 553 203 0 805(0 756 - 0 853) 0 801 +/- 0 026

two levels ref4 ref + 1omics ref CpGs 553 203 0 795(0 74 - 0 846) 0 793 +/- 0 028

two levels ref4 ref ref_Proteins 436 161 0 781(0 687 - 0 833) 0 775 +/- 0 039

two levels ref4 ref + 1omics ref_Proteins 436 161 0 776(0 686 - 0 844) 0 77 +/- 0 041

two levels ref4 ref ref_RNAs 274 100 0 786(0 721 - 0 859) 0 789 +/- 0 036

two levels ref4 ref + 1omics ref_RNAs 274 100 0 782(0 72 - 0 855) 0 785 +/- 0 036
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num.omics levels.

combine ref combination Predictor mean.coef

Selected.

Times

Selected.

rate rank

two levels ref1 ref_CpGs NAPA -0.113 52 0.52 1

two levels ref1 ref_CpGs LYL1 -0.077 40 0.4 2

two levels ref1 ref_CpGs NEURL3 0.055 30 0.3 3

two levels ref1 ref_CpGs ACSL1 -0.01 28 0.28 4

two levels ref1 ref_CpGs CCDC39 0.062 26 0.26 5

two levels ref1 ref_RNAs PNLIPRP2 -0.156 55 0.55 1

two levels ref1 ref_RNAs NKD2 0.085 25 0.25 2

two levels ref1 ref_RNAs ARG1 0.051 20 0.2 3

two levels ref1 ref_RNAs TFE3 -0.104 19 0.19 4

two levels ref1 ref_RNAs DUSP11 -0.124 16 0.16 5

two levels ref1 ref_Proteins CST3 0.211 90 0.9 1

two levels ref1 ref_Proteins EGFR -0.1 44 0.44 2

two levels ref1 ref_Proteins TFF3 0.092 34 0.34 3

two levels ref1 ref_Proteins B2M 0.096 26 0.26 4

two levels ref1 ref_Proteins MAPK12 0.11 21 0.21 5

two levels ref1 ref_Metabolites C5 0.148 79 0.79 1

two levels ref1 ref_Metabolites C18:1 0.109 60 0.6 2

two levels ref1 ref_Metabolites PC aa C38:0 0.106 54 0.54 3

two levels ref1 ref_Metabolites C12 0.118 45 0.45 4

two levels ref1 ref_Metabolites Tyr -0.062 26 0.26 5

three levels ref1 ref_GPS_CpGs NAPA -0.097 44 0.44 1

three levels ref1 ref_GPS_CpGs ACSL1 -0.083 39 0.39 2

three levels ref1 ref_GPS_CpGs LYL1 -0.101 36 0.36 3

three levels ref1 ref_GPS_CpGs TLN2 0.07 29 0.29 4

three levels ref1 ref_GPS_CpGs NEURL3 0.086 24 0.24 5

three levels ref1 ref_GPS_RNAs PNLIPRP2 -0.139 40 0.4 1

three levels ref1 ref_GPS_RNAs TFE3 -0.138 27 0.27 2

three levels ref1 ref_GPS_RNAs DUSP11 -0.117 23 0.23 3

three levels ref1 ref_GPS_RNAs PAX8 -0.098 20 0.2 4

three levels ref1 ref_GPS_RNAs ABCB1 -0.098 19 0.19 5

three levels ref1 ref_GPS_Proteins CST3 0.171 74 0.74 1

three levels ref1 ref_GPS_Proteins EGFR -0.129 68 0.68 2

three levels ref1 ref_GPS_Proteins TFF3 0.102 32 0.32 3

three levels ref1 ref_GPS_Proteins FGF20 -0.096 26 0.26 4

three levels ref1 ref_GPS_Proteins MAPK12 0.12 25 0.25 5

three levels ref1 ref_GPS_Metabolites C5 0.193 90 0.9 1

three levels ref1 ref_GPS_Metabolites C18:1 0.13 71 0.71 2

three levels ref1 ref_GPS_Metabolites C6(C4:1‐DC) 0.104 40 0.4 3

three levels ref1 ref_GPS_Metabolites C8:1 0.069 37 0.37 4

three levels ref1 ref_GPS_Metabolites C12 0.074 28 0.28 5

four levels ref1

ref_GPS_Proteins_Me

tabolites CST3 0.167 64 0.64 1

four levels ref1

ref_GPS_Proteins_Me

tabolites EGFR -0.148 59 0.59 2

four levels ref1

ref_GPS_Proteins_Me

tabolites C5 0.146 45 0.45 3
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four levels ref1

ref_GPS_Proteins_Me

tabolites C18:1 0.14 43 0.43 4

four levels ref1

ref_GPS_Proteins_Me

tabolites C6(C4:1‐DC) 0.155 39 0.39 5

four levels ref1

ref_GPS_CpGs_Meta

bolites C5 0.194 76 0.76 1

four levels ref1

ref_GPS_CpGs_Meta

bolites LYL1 -0.128 44 0.44 2

four levels ref1

ref_GPS_CpGs_Meta

bolites ACSL1 -0.094 38 0.38 3

four levels ref1

ref_GPS_CpGs_Meta

bolites NAPA -0.103 37 0.37 4

four levels ref1

ref_GPS_CpGs_Meta

bolites TLN2 0.097 30 0.3 5

five levels ref1

ref_GPS_CpGs_Prote

ins_Metabolites CST3 0.167 86 0.86 1

five levels ref1

ref_GPS_CpGs_Prote

ins_Metabolites LYL1 -0.166 64 0.64 2

five levels ref1

ref_GPS_CpGs_Prote

ins_Metabolites EGFR -0.125 57 0.57 3

five levels ref1

ref_GPS_CpGs_Prote

ins_Metabolites C5 0.155 42 0.42 4

five levels ref1

ref_GPS_CpGs_Prote

ins_Metabolites C6(C4:1‐DC) 0.174 39 0.39 5

two levels ref2 ref_CpGs NAPA -0.115 50 0.5 1

two levels ref2 ref CpGs LYL1 -0.103 36 0.36 2

two levels ref2 ref_CpGs NEURL3 0.067 30 0.3 3

two levels ref2 ref_CpGs LYSMD2 -0.044 30 0.3 4

two levels ref2 ref_CpGs TLN2 -0.001 29 0.29 5

two levels ref2 ref_RNAs PNLIPRP2 -0.18 53 0.53 1

two levels ref2 ref_RNAs TFE3 -0.118 32 0.32 2

two levels ref2 ref_RNAs PCGF2 0.084 30 0.3 3

two levels ref2 ref_RNAs DUSP11 -0.147 26 0.26 4

two levels ref2 ref_RNAs ARG1 0.032 24 0.24 5

two levels ref2 ref_Proteins CST3 0.136 66 0.66 1

two levels ref2 ref_Proteins GHR -0.109 44 0.44 2

two levels ref2 ref_Proteins EGFR -0.087 32 0.32 3

two levels ref2 ref_Proteins FGF20 -0.118 29 0.29 4

two levels ref2 ref_Proteins MAPK12 0.097 22 0.22 5

two levels ref2 ref_Metabolites PC aa C38:0 0.162 85 0.85 1

two levels ref2 ref_Metabolites C12 0.12 56 0.56 2

two levels ref2 ref_Metabolites C18:1 0.105 55 0.55 3

two levels ref2 ref_Metabolites C5 0.112 50 0.5 4

two levels ref2 ref_Metabolites SM C18:1 0.069 27 0.27 5

three levels ref2 ref_GPS_CpGs NAPA -0.118 40 0.4 1

three levels ref2 ref_GPS_CpGs ACSL1 -0.075 33 0.33 2

three levels ref2 ref GPS CpGs LYL1 -0.116 31 0.31 3

three levels ref2 ref_GPS_CpGs TLN2 0.063 26 0.26 4

three levels ref2 ref_GPS_CpGs NEURL3 0.096 24 0.24 5

three levels ref2 ref_GPS_RNAs PNLIPRP2 -0.141 44 0.44 1
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three levels ref2 ref_GPS_RNAs DUSP11 -0.143 43 0.43 2

three levels ref2 ref_GPS_RNAs TFE3 -0.143 37 0.37 3

three levels ref2 ref GPS RNAs PCGF2 0.095 23 0.23 4

three levels ref2 ref_GPS_RNAs ABCB1 -0.082 19 0.19 5

three levels ref2 ref_GPS_Proteins EGFR -0.127 58 0.58 1

three levels ref2 ref_GPS_Proteins CST3 0.117 54 0.54 2

three levels ref2 ref_GPS_Proteins GHR -0.109 54 0.54 3

three levels ref2 ref_GPS_Proteins MAPK12 0.11 32 0.32 4

three levels ref2 ref_GPS_Proteins FGF20 -0.108 30 0.3 5

three levels ref2 ref_GPS_Metabolites C18:1 0.124 64 0.64 1

three levels ref2 ref_GPS_Metabolites C5 0.161 64 0.64 2

three levels ref2 ref_GPS_Metabolites PC aa C38:0 0.11 45 0.45 3

three levels ref2 ref_GPS_Metabolites SM C18:1 0.094 38 0.38 4

three levels ref2 ref_GPS_Metabolites C12 0.093 37 0.37 5

four levels ref2

ref_GPS_Proteins_Me

tabolites EGFR -0.115 56 0.56 1

four levels ref2

ref_GPS_Proteins_Me

tabolites CST3 0.1 47 0.47 2

four levels ref2

ref_GPS_Proteins_Me

tabolites GHR -0.12 41 0.41 3

four levels ref2

ref_GPS_Proteins_Me

tabolites MAPK12 0.11 35 0.35 4

four levels ref2

ref_GPS_Proteins_Me

tabolites FGF20 -0.118 30 0.3 5

four levels ref2

ref_GPS_CpGs_Meta

bolites C5 0.151 60 0.6 1

four levels ref2

ref_GPS_CpGs_Meta

bolites NAPA -0.112 40 0.4 2

four levels ref2

ref_GPS_CpGs_Meta

bolites LYL1 -0.128 37 0.37 3

four levels ref2

ref_GPS_CpGs_Meta

bolites ACSL1 -0.075 33 0.33 4

four levels ref2

ref_GPS_CpGs_Meta

bolites C12 0.114 31 0.31 5

five levels ref2

ref_GPS_CpGs_Prote

ins_Metabolites CST3 0.111 54 0.54 1

five levels ref2

ref_GPS_CpGs_Prote

ins_Metabolites LYL1 -0.181 49 0.49 2

five levels ref2

ref_GPS_CpGs_Prote

ins Metabolites EGFR -0.127 48 0.48 3

five levels ref2

ref_GPS_CpGs_Prote

ins_Metabolites NAPA -0.102 32 0.32 4

five levels ref2

ref_GPS_CpGs_Prote

ins_Metabolites GHR -0.115 32 0.32 5

two levels ref3 ref_CpGs LYL1 -0.101 47 0.47 1

two levels ref3 ref_CpGs NAPA -0.091 45 0.45 2

two levels ref3 ref_CpGs TLN2 0.082 33 0.33 3

two levels ref3 ref_CpGs NEURL3 0.039 30 0.3 4

two levels ref3 ref_CpGs ACSL1 0.055 29 0.29 5

two levels ref3 ref_RNAs PNLIPRP2 -0.162 36 0.36 1

two levels ref3 ref_RNAs TFE3 -0.096 21 0.21 2
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two levels ref3 ref_RNAs SLC22A4 -0.07 20 0.2 3

two levels ref3 ref_RNAs AGK -0.158 20 0.2 4

two levels ref3 ref_RNAs PCGF2 0.099 19 0.19 5

two levels ref3 ref_Proteins GHR -0.135 39 0.39 1

two levels ref3 ref_Proteins IL2 0.1 21 0.21 2

two levels ref3 ref_Proteins TFF3 0.1 21 0.21 3

two levels ref3 ref_Proteins FGF20 -0.062 20 0.2 4

two levels ref3 ref_Proteins SPINT1 0.056 16 0.16 5

two levels ref3 ref_Metabolites PC aa C38:0 0.147 76 0.76 1

two levels ref3 ref_Metabolites Tyr -0.103 38 0.38 2

two levels ref3 ref_Metabolites C12 0.116 37 0.37 3

two levels ref3 ref_Metabolites C5 0.111 35 0.35 4

two levels ref3 ref_Metabolites C18:1 0.086 27 0.27 5

three levels ref3 ref_GPS_CpGs LYL1 -0.103 57 0.57 1

three levels ref3 ref_GPS_CpGs TLN2 0.1 43 0.43 2

three levels ref3 ref_GPS_CpGs NAPA -0.091 35 0.35 3

three levels ref3 ref_GPS_CpGs NEURL3 0.007 31 0.31 4

three levels ref3 ref_GPS_CpGs LYSMD2 0.084 31 0.31 5

three levels ref3 ref_GPS_RNAs AGK -0.16 35 0.35 1

three levels ref3 ref_GPS_RNAs DUSP11 -0.126 32 0.32 2

three levels ref3 ref_GPS_RNAs PNLIPRP2 -0.132 27 0.27 3

three levels ref3 ref_GPS_RNAs PCGF2 0.117 23 0.23 4

three levels ref3 ref_GPS_RNAs TFE3 -0.141 22 0.22 5

three levels ref3 ref_GPS_Proteins GHR -0.137 46 0.46 1

three levels ref3 ref_GPS_Proteins FGF20 -0.064 27 0.27 2

three levels ref3 ref_GPS_Proteins IL2 0.091 23 0.23 3

three levels ref3 ref_GPS_Proteins MAPK12 0.093 21 0.21 4

three levels ref3 ref_GPS_Proteins TFF3 0.078 19 0.19 5

three levels ref3 ref_GPS_Metabolites C5 0.16 46 0.46 1

three levels ref3 ref_GPS_Metabolites PC aa C38:0 0.132 43 0.43 2

three levels ref3 ref_GPS_Metabolites Tyr -0.118 39 0.39 3

three levels ref3 ref_GPS_Metabolites C18:1 0.115 33 0.33 4

three levels ref3 ref_GPS_Metabolites C6(C4:1‐DC) 0.096 33 0.33 5

four levels ref3

ref_GPS_Proteins_Me

tabolites GHR -0.139 41 0.41 1

four levels ref3

ref_GPS_Proteins_Me

tabolites PC aa C38:0 0.156 32 0.32 2

four levels ref3

ref_GPS_Proteins_Me

tabolites C5 0.13 31 0.31 3

four levels ref3

ref_GPS_Proteins_Me

tabolites C6(C4:1‐DC) 0.133 25 0.25 4

four levels ref3

ref_GPS_Proteins_Me

tabolites C8:1 0.139 25 0.25 5
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four levels ref3

ref_GPS_CpGs_Meta

bolites LYL1 -0.137 57 0.57 1

four levels ref3

ref_GPS_CpGs_Meta

bolites C5 0.152 49 0.49 2

four levels ref3

ref_GPS_CpGs_Meta

bolites Tyr -0.144 47 0.47 3

four levels ref3

ref_GPS_CpGs_Meta

bolites PC aa C38:0 0.124 44 0.44 4

four levels ref3

ref_GPS_CpGs_Meta

bolites TLN2 0.122 43 0.43 5

five levels ref3

ref_GPS_CpGs_Prote

ins_Metabolites LYL1 -0.191 67 0.67 1

five levels ref3

ref_GPS_CpGs_Prote

ins_Metabolites GHR -0.143 47 0.47 2

five levels ref3

ref_GPS_CpGs_Prote

ins_Metabolites NAPA -0.061 38 0.38 3

five levels ref3

ref_GPS_CpGs_Prote

ins_Metabolites LYSMD2 0.112 34 0.34 4

five levels ref3

ref_GPS_CpGs_Prote

ins_Metabolites NEURL3 0.039 31 0.31 5

two levels ref4 ref_CpGs LYL1 -0.1 45 0.45 1

two levels ref4 ref_CpGs TLN2 0.081 31 0.31 2

two levels ref4 ref_CpGs NEURL3 0.02 27 0.27 3

two levels ref4 ref_CpGs LYSMD2 0.062 27 0.27 4

two levels ref4 ref_CpGs NAPA -0.072 25 0.25 5

two levels ref4 ref_RNAs PNLIPRP2 -0.158 47 0.47 1

two levels ref4 ref_RNAs NKD2 0.082 28 0.28 2

two levels ref4 ref_RNAs DUSP11 -0.097 26 0.26 3

two levels ref4 ref_RNAs PCGF2 0.1 23 0.23 4

two levels ref4 ref_RNAs TFE3 -0.108 20 0.2 5

two levels ref4 ref_Proteins GHR -0.132 44 0.44 1

two levels ref4 ref_Proteins FGF20 -0.091 39 0.39 2

two levels ref4 ref_Proteins SPINT1 0.101 24 0.24 3

two levels ref4 ref_Proteins IL2 0.106 19 0.19 4

two levels ref4 ref_Proteins MAPK12 0.092 17 0.17 5

two levels ref4 ref_Metabolites C12 0.152 53 0.53 1

two levels ref4 ref_Metabolites C5 0.11 43 0.43 2

two levels ref4 ref_Metabolites C10:2 -0.13 40 0.4 3

two levels ref4 ref_Metabolites C18:1 0.092 39 0.39 4

two levels ref4 ref Metabolites Tyr -0.109 39 0.39 5

three levels ref4 ref_GPS_CpGs LYL1 -0.147 46 0.46 1

three levels ref4 ref_GPS_CpGs NEURL3 -0.017 30 0.3 2

three levels ref4 ref_GPS_CpGs ACSL1 -0.021 28 0.28 3

three levels ref4 ref_GPS_CpGs NAPA -0.073 28 0.28 4

three levels ref4 ref_GPS_CpGs TLN2 0.123 24 0.24 5

three levels ref4 ref_GPS_RNAs PNLIPRP2 -0.145 37 0.37 1

three levels ref4 ref GPS RNAs DUSP11 -0.155 37 0.37 2

three levels ref4 ref_GPS_RNAs AGK -0.138 36 0.36 3
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three levels ref4 ref_GPS_RNAs TFE3 -0.127 24 0.24 4

three levels ref4 ref_GPS_RNAs PCGF2 0.13 24 0.24 5

three levels ref4 ref_GPS_Proteins GHR -0.167 43 0.43 1

three levels ref4 ref_GPS_Proteins FGF20 -0.108 35 0.35 2

three levels ref4 ref_GPS_Proteins SPINT1 0.121 21 0.21 3

three levels ref4 ref_GPS_Proteins IL6 0.122 18 0.18 4

three levels ref4 ref_GPS_Proteins IL2 0.107 17 0.17 5

three levels ref4 ref_GPS_Metabolites C5 0.154 54 0.54 1

three levels ref4 ref_GPS_Metabolites Tyr -0.123 45 0.45 2

three levels ref4 ref_GPS_Metabolites C18:1 0.12 37 0.37 3

three levels ref4 ref_GPS_Metabolites C6(C4:1‐DC) 0.117 32 0.32 4

three levels ref4 ref_GPS_Metabolites C12 0.121 31 0.31 5

four levels ref4

ref_GPS_Proteins_Me

tabolites GHR -0.162 46 0.46 1

four levels ref4

ref_GPS_Proteins_Me

tabolites FGF20 -0.096 41 0.41 2

four levels ref4

ref_GPS_Proteins_Me

tabolites C5 0.18 31 0.31 3

four levels ref4

ref_GPS_Proteins_Me

tabolites C6(C4:1‐DC) 0.131 27 0.27 4

four levels ref4

ref_GPS_Proteins_Me

tabolites C8 0.139 25 0.25 5

four levels ref4

ref_GPS_CpGs_Meta

bolites LYL1 -0.133 51 0.51 1

four levels ref4

ref_GPS_CpGs_Meta

bolites C5 0.169 50 0.5 2

four levels ref4

ref_GPS_CpGs_Meta

bolites Tyr -0.116 49 0.49 3

four levels ref4

ref_GPS_CpGs_Meta

bolites C10:2 -0.122 30 0.3 4

four levels ref4

ref_GPS_CpGs_Meta

bolites C12 0.118 30 0.3 5

five levels ref4

ref_GPS_CpGs_Prote

ins_Metabolites LYL1 -0.168 56 0.56 1

five levels ref4

ref_GPS_CpGs_Prote

ins_Metabolites GHR -0.156 44 0.44 2

five levels ref4

ref_GPS_CpGs_Prote

ins_Metabolites FGF20 -0.099 39 0.39 3

five levels ref4

ref_GPS_CpGs_Prote

ins_Metabolites C6(C4:1‐DC) 0.163 32 0.32 4

five levels ref4

ref_GPS_CpGs_Prote

ins_Metabolites NEURL3 0.015 32 0.32 5
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Supplementary Table 29. Predictive improvement of GPSeGFR on top of four refer-

ence sets for incident CKDcrcc in hyperglycemic individuals of KORA F4. 

Over 100 times of bootstrapping, the mean (± SD) and median AUC (95% CI) of predictive mod-

els built with ref and ref + GPS for incident CKDcrcc in hyperglycemic individuals of KORA F4 

are shown, respectively. The ref included ref1-4. AUC values were calculated with random forest 

using testing data. 

ref1: baseline age, sex; ref2:  baseline age, sex, BMI, systolic blood pressure, smoking status, 

triglyceride, total cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, an-

tihypertensive and anti-diabetic medication; ref3: baseline age, sex, eGFR and UACR;  ref4: base-

line age, eGFR, UACR, total cholesterol, fasting glucose, SM C18:1 and PC aa C38:0. 

Abbreviations: AUC, area under the receiver operating characteristic curve; GPS, genome wide 

polygenic score of eGFR values; CKD, chronic kidney disease; eGFR, estimated glomerular 

filtration rate; UACR, urinary albumin-to-creatinine ratio; CKDcrcc, eGFR-based CKD that was 

defined as eGFR < 60 ml/min/1.73 m2.  

 

 
 

 

 

 

 

 

 

 

 

Supplementary Table 30. The various combinations of variables used in exploring 

subgrouping KORA F4 CKD patients with hyperglycemia.

ref Model

mean.Sample

Size.train

mean.Sample

Size.test median.95CI.AUC.test mean.SD.AUC.test

ref1 ref 680 251 0.745(0.663 - 0.815) 0.742 +/- 0.037

ref1 ref + GPS 680 251 0.804(0.739 - 0.855) 0.805 +/- 0.029

ref2 ref 677 250 0.767(0.703 - 0.824) 0.762 +/- 0.033

ref2 ref + GPS 677 250 0.801(0.746 - 0.839) 0.8 +/- 0.027

ref3 ref 680 251 0.857(0.811 - 0.906) 0.857 +/- 0.023

ref3 ref + GPS 680 251 0.876(0.838 - 0.917) 0.877 +/- 0.021

ref4 ref 673 248 0.863(0.819 - 0.905) 0.864 +/- 0.025

ref4 ref + GPS 673 248 0.88(0.828 - 0.919) 0.876 +/- 0.024
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combination variables in.each.combination

combination1 eGFR,UACR

combination2 eGFR,UACR,GPS

combination3

eGFR,UACR,GPS,C10,C10:2,C12,C14:1,C14:1‐OH,C14:2,C16,C18:1,C2,C6(C4:1‐DC),C5,C8,C8:1,TLN2,ACSL1,CCDC39,LYL1,NEURL3

,LYSMD2,NAPA,PAX8,SLC22A4,PNLIPRP2,NKD2,DUSP11,TFE3,AGK,MCM3,PCGF2,TTF2,ABCB1,ARG1,SLC25A4,CDC14A,Tyr,PL

AT,IGFBP2,CST3,EFNA5,ERBB3,LAYN,TNFRSF1A,EGFR,IGFBP6,FGF20,FGF9,SPINT1,NBL1,GHR,CGA LHB,ESAM,JAM2,CLEC4M, 

IL19,RETN,IL2,TNFRSF1B,ADAMTS13,RET,ACY1,BMP1,CTSV,FN1,FSTL3,B2M,ADIPOQ,CNDP1,MASP1,IL22RA1,KDR,IGF2R,PLG,

CTSH,FCN3,RPS6KA5,MED1,PAPPA,IL6,TFF3,EPHA2,NTRK2,AMH,MMP1,C1QBP,ERP29,MAPK12,SOD2,KIR2DL4,NOTCH1,RELT,

SCARF1,TNFRSF19,HAVCR2,UNC5C,SEMA3E,LEPR,SPOCK2,PC aa C38:0,SM C18:1

combination4

C10,C10:2,C12,C14:1,C14:1‐OH,C14:2,C16,C18:1,C2,C6(C4:1‐DC),C5,C8,C8:1,Tyr,PLAT,IGFBP2,CST3,EFNA5,ERBB3,LAYN,TNFRSF

1A,EGFR,IGFBP6,FGF20,FGF9,SPINT1,NBL1,GHR,CGA LHB,ESAM,JAM2,CLEC4M,IL19,RETN,IL2,TNFRSF1B,ADAMTS13,RET, 

ACY1,BMP1,CTSV,FN1,FSTL3,B2M,ADIPOQ,CNDP1,MASP1,IL22RA1,KDR,IGF2R,PLG,CTSH,FCN3,RPS6KA5,MED1,PAPPA,IL6,TF

F3,EPHA2,NTRK2,AMH,MMP1,C1QBP,ERP29,MAPK12,SOD2,KIR2DL4,NOTCH1,RELT,SCARF1,TNFRSF19,HAVCR2,UNC5C,SEMA

3E,LEPR,SPOCK2

combination5 C10,C10:2,C12,C14:1,C14:1‐OH,C14:2,C16,C18:1,C2,C6(C4:1‐DC),C5,C8,C8:1,Tyr

combination6

C14:1,C16,C18:1,NKD2,DUSP11,TFE3,MCM3,TTF2,ABCB1,ARG1,SLC25A4,Tyr,IGFBP2,ERBB3,EGFR,SPINT1,GHR,CLEC4M,CTSV,F

N1,CNDP1,KDR,FCN3,RPS6KA5,MED1,NTRK2,AMH,ERP29,MAPK12,SOD2,NOTCH1

combination7 Tyr,ERBB3

combination8

C14:1,C16,C18:1,NKD2,DUSP11,TFE3,MCM3,TTF2,ABCB1,ARG1,SLC25A4,IGFBP2,EGFR,SPINT1,GHR,CLEC4M,CTSV,FN1,CNDP1,

KDR,FCN3,RPS6KA5,MED1,NTRK2,AMH,ERP29,MAPK12,SOD2,NOTCH1

combination9

C10,C10:2,C12,C14:1‐OH,C14:2,C2,C6(C4:1‐DC),C5,C8,C8:1,AGK,PLAT,CST3,EFNA5,LAYN,TNFRSF1A,IGFBP6,FGF20,FGF9,NBL1,

CGA LHB,ESAM,JAM2,IL19,RETN,IL2,TNFRSF1B,ADAMTS13,RET,ACY1,BMP1,FSTL3,B2M,MASP1,IGF2R,PLG,CTSH,PAPPA,IL6, 

TFF3,EPHA2,MMP1,C1QBP,KIR2DL4,RELT,SCARF1,TNFRSF19,HAVCR2,UNC5C,LEPR,SPOCK2

combination10

C10,C10:2,C12,C14:1‐OH,C14:2,C2,C8,C8:1,CST3,TNFRSF1A,IGFBP6,NBL1,JAM2,IL19,RETN,TNFRSF1B,ADAMTS13,FSTL3,B2M,C

TSH,MMP1,RELT,SCARF1,TNFRSF19,UNC5C,SPOCK2

combination11

C6(C4:1‐DC),C5,AGK,PLAT,EFNA5,LAYN,FGF20,FGF9,CGA 

LHB,ESAM,IL2,RET,ACY1,BMP1,MASP1,IGF2R,PLG,PAPPA,IL6,TFF3,EPHA2,C1QBP,KIR2DL4,HAVCR2,LEPR

combination12 TLN2,ACSL1,CCDC39,LYL1,NEURL3,LYSMD2,NAPA,SLC22A4,PCGF2,CDC14A,SEMA3E

combination13

GPS,C10,C10:2,C12,C14:1,C14:1‐OH,C14:2,C16,C18:1,C2,C6(C4:1‐DC),C5,C8,C8:1,TLN2,ACSL1,CCDC39,LYL1,NEURL3,LYSMD2,N

APA,PAX8,SLC22A4,PNLIPRP2,NKD2,DUSP11,TFE3,AGK,MCM3,PCGF2,TTF2,ABCB1,ARG1,SLC25A4,CDC14A,Tyr,PLAT,IGFBP2,C

ST3,EFNA5,ERBB3,LAYN,TNFRSF1A,EGFR,IGFBP6,FGF20,FGF9,SPINT1,NBL1,GHR,CGA LHB,ESAM,JAM2,CLEC4M,IL19,RETN, 

IL2,TNFRSF1B,ADAMTS13,RET,ACY1,BMP1,CTSV,FN1,FSTL3,B2M,ADIPOQ,CNDP1,MASP1,IL22RA1,KDR,IGF2R,PLG,CTSH,FCN3

,RPS6KA5,MED1,PAPPA,IL6,TFF3,EPHA2,NTRK2,AMH,MMP1,C1QBP,ERP29,MAPK12,SOD2,KIR2DL4,NOTCH1,RELT,SCARF1,TN

FRSF19,HAVCR2,UNC5C,SEMA3E,LEPR,SPOCK2,PC aa C38:0,SM C18:1
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combination14

C10,C10:2,C12,C14:1,C14:1‐OH,C14:2,C16,C18:1,C2,C6(C4:1‐DC),C5,C8,C8:1,TLN2,ACSL1,CCDC39,LYL1,NEURL3,LYSMD2,NAPA,

PAX8,SLC22A4,PNLIPRP2,NKD2,DUSP11,TFE3,AGK,MCM3,PCGF2,TTF2,ABCB1,ARG1,SLC25A4,CDC14A,Tyr,PLAT,IGFBP2,CST3,

EFNA5,ERBB3,LAYN,TNFRSF1A,EGFR,IGFBP6,FGF20,FGF9,SPINT1,NBL1,GHR,CGA LHB,ESAM,JAM2,CLEC4M,IL19,RETN,IL2, 

TNFRSF1B,ADAMTS13,RET,ACY1,BMP1,CTSV,FN1,FSTL3,B2M,ADIPOQ,CNDP1,MASP1,IL22RA1,KDR,IGF2R,PLG,CTSH,FCN3,RP

S6KA5,MED1,PAPPA,IL6,TFF3,EPHA2,NTRK2,AMH,MMP1,C1QBP,ERP29,MAPK12,SOD2,KIR2DL4,NOTCH1,RELT,SCARF1,TNFRS

F19,HAVCR2,UNC5C,SEMA3E,LEPR,SPOCK2,GPS

combination15

C10,C10:2,C12,C14:1,C14:1‐OH,C14:2,C16,C18:1,C2,C6(C4:1‐DC),C5,C8,C8:1,TLN2,ACSL1,CCDC39,LYL1,NEURL3,LYSMD2,NAPA,

PAX8,SLC22A4,PNLIPRP2,NKD2,DUSP11,TFE3,AGK,MCM3,PCGF2,TTF2,ABCB1,ARG1,SLC25A4,CDC14A,Tyr,PLAT,IGFBP2,CST3,

EFNA5,ERBB3,LAYN,TNFRSF1A,EGFR,IGFBP6,FGF20,FGF9,SPINT1,NBL1,GHR,CGA LHB,ESAM,JAM2,CLEC4M,IL19,RETN,IL2, 

TNFRSF1B,ADAMTS13,RET,ACY1,BMP1,CTSV,FN1,FSTL3,B2M,ADIPOQ,CNDP1,MASP1,IL22RA1,KDR,IGF2R,PLG,CTSH,FCN3,RP

S6KA5,MED1,PAPPA,IL6,TFF3,EPHA2,NTRK2,AMH,MMP1,C1QBP,ERP29,MAPK12,SOD2,KIR2DL4,NOTCH1,RELT,SCARF1,TNFRS

F19,HAVCR2,UNC5C,SEMA3E,LEPR,SPOCK2

combination16

C10,C10:2,C12,C14:1,C14:1‐OH,C14:2,C16,C18:1,C2,C6(C4:1‐DC),C5,C8,C8:1,Tyr,PLAT,IGFBP2,CST3,EFNA5,ERBB3,LAYN,TNFRSF

1A,EGFR,IGFBP6,FGF20,FGF9,SPINT1,NBL1,GHR,CGA LHB,ESAM,JAM2,CLEC4M,IL19,RETN,IL2,TNFRSF1B,ADAMTS13,RET, 

ACY1,BMP1,CTSV,FN1,FSTL3,B2M,ADIPOQ,CNDP1,MASP1,IL22RA1,KDR,IGF2R,PLG,CTSH,FCN3,RPS6KA5,MED1,PAPPA,IL6,TF

F3,EPHA2,NTRK2,AMH,MMP1,C1QBP,ERP29,MAPK12,SOD2,KIR2DL4,NOTCH1,RELT,SCARF1,TNFRSF19,HAVCR2,UNC5C,SEMA

3E,LEPR,SPOCK2

combination17

TLN2,ACSL1,CCDC39,LYL1,NEURL3,LYSMD2,NAPA,PAX8,SLC22A4,PNLIPRP2,NKD2,DUSP11,TFE3,AGK,MCM3,PCGF2,TTF2,AB

CB1,ARG1,SLC25A4,CDC14A

combination18

C10,C12,C16,C2,C6(C4:1‐DC),C8,TLN2,ACSL1,CCDC39,LYL1,NEURL3,NAPA,PAX8,SLC22A4,PNLIPRP2,NKD2,DUSP11,TFE3,AGK,

MCM3,PCGF2,TTF2,ABCB1,ARG1,SLC25A4,CDC14A,Tyr,PLAT,IGFBP2,CST3,EFNA5,ERBB3,LAYN,TNFRSF1A,EGFR,IGFBP6,FGF2

0,FGF9,SPINT1,GHR,CGA LHB,ESAM,JAM2,CLEC4M,IL19,RETN,IL2,TNFRSF1B,ADAMTS13,RET,ACY1,BMP1,CTSV,FN1,FSTL3, 

B2M,ADIPOQ,CNDP1,MASP1,IL22RA1,KDR,IGF2R,PLG,CTSH,FCN3,RPS6KA5,MED1,PAPPA,IL6,TFF3,EPHA2,NTRK2,AMH,MMP1,

C1QBP,ERP29,MAPK12,SOD2,KIR2DL4,NOTCH1,RELT,SCARF1,TNFRSF19,HAVCR2,SEMA3E,LEPR,SPOCK2,GPS

combination19

C10,C12,C16,C2,C6(C4:1‐DC),C8,TLN2,ACSL1,CCDC39,LYL1,NEURL3,NAPA,PAX8,SLC22A4,PNLIPRP2,NKD2,DUSP11,TFE3,AGK,

MCM3,PCGF2,TTF2,ABCB1,ARG1,SLC25A4,CDC14A,Tyr,PLAT,IGFBP2,CST3,EFNA5,ERBB3,LAYN,TNFRSF1A,EGFR,IGFBP6,FGF2

0,FGF9,SPINT1,GHR,CGA LHB,ESAM,JAM2,CLEC4M,IL19,RETN,IL2,TNFRSF1B,ADAMTS13,RET,ACY1,BMP1,CTSV,FN1,FSTL3, 

B2M,ADIPOQ,CNDP1,MASP1,IL22RA1,KDR,IGF2R,PLG,CTSH,FCN3,RPS6KA5,MED1,PAPPA,IL6,TFF3,EPHA2,NTRK2,AMH,MMP1,

C1QBP,ERP29,MAPK12,SOD2,KIR2DL4,NOTCH1,RELT,SCARF1,TNFRSF19,HAVCR2,SEMA3E,LEPR,SPOCK2

combination20

C10,C12,C16,C6(C4:1‐DC),C8,ACSL1,CCDC39,NAPA,SLC22A4,AGK,SLC25A4,CDC14A,IGFBP2,CST3,EFNA5,ERBB3,EGFR,IGFBP6,

GHR,IL19,RETN,FN1,FSTL3,ADIPOQ,IGF2R,PLG,RPS6KA5,MED1,IL6,TFF3,C1QBP,SOD2,NOTCH1,HAVCR2,LEPR

combination21 C2,CGA LHB,FN1,B2M,AMH,MMP1,HAVCR2

combination22

TLN2,PAX8,NKD2,TFE3,PLAT,CST3,LAYN,TNFRSF1A,EGFR,SPINT1,TNFRSF1B,ADAMTS13,BMP1,CTSV,FN1,FSTL3,ADIPOQ,CN

DP1,MASP1,IL22RA1,KDR,IGF2R,PLG,FCN3,EPHA2,C1QBP,NOTCH1,TNFRSF19,SPOCK2
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combination23

NEURL3,DUSP11,TFE3,MCM3,TTF2,ARG1,CST3,EFNA5,LAYN,TNFRSF1A,EGFR,GHR,CLEC4M,IL19,RETN,IL2,TNFRSF1B,FSTL3,B

2M,ADIPOQ,MASP1,IL22RA1,KDR,IGF2R,CTSH,FCN3,MED1,PAPPA,IL6,EPHA2,AMH,MMP1,C1QBP,MAPK12,KIR2DL4,NOTCH1,R

ELT,SCARF1,HAVCR2,LEPR

combination24 PAX8,Tyr,PLAT,IGFBP2,CST3,EFNA5,FGF20,GHR,ACY1,FN1,PLG,CTSH,MED1,TFF3,NTRK2,ERP29

combination25

LYL1,PAX8,AGK,PCGF2,PLAT,IGFBP2,CST3,ERBB3,TNFRSF1A,IGFBP6,FGF9,GHR,CGA LHB,ESAM,JAM2,IL19,TNFRSF1B, 

ADAMTS13,BMP1,CTSV,ADIPOQ,IL22RA1,KDR,IGF2R,PLG,CTSH,IL6,EPHA2,NTRK2,MMP1,NOTCH1,SEMA3E

combination26

ABCB1,PLAT,IGFBP2,CST3,ERBB3,EGFR,GHR,CGA LHB,RET,CTSV,FN1,ADIPOQ,KDR,IGF2R,CTSH,RPS6KA5,IL6,EPHA2, 

NTRK2,AMH,MMP1,SOD2

combination27 ACSL1,PNLIPRP2,TFE3,IGFBP2,CST3,TNFRSF1A,CGA LHB,ESAM,RETN,TNFRSF1B,FN1,FSTL3,ADIPOQ,IL6,MMP1,SOD2,LEPR

combination28 TNFRSF1A,SPOCK2,IGFBP6,NBL1,JAM2,ERP29,RETN,ADAMTS13,SCARF1,C10:2,C12,CST3,B2M,RELT,FSTL3,C14:1‐OH,C10,C8

combination29 TNFRSF1A,FSTL3,ADAMTS13,C8,RETN,B2M,ERP29,JAM2,C10,SPOCK2,C12

combination30

B2M,TNFRSF1A,SPOCK2,MMP1,UNC5C,TNFRSF1B,TNFRSF19,RETN,RELT,IGFBP6,FSTL3,CTSH,IL19,ERBB3,Tyr,C8:1,C2,C14:2,C1

0:2

combination31 LYSMD2,NAPA,TFE3,CLEC4M,CTSV,EFNA5,IGF2R,JAM2,NBL1,RET,SCARF1

combination32 CLEC4M,CTSV,EFNA5,IGF2R,JAM2,NBL1,RET,SCARF1

combination33

LYSMD2,NAPA,TFE3,CLEC4M,CTSV,EFNA5,IGF2R,JAM2,NBL1,RET,SCARF1,B2M,TNFRSF1A,SPOCK2,MMP1,UNC5C,TNFRSF1B,

TNFRSF19,RETN,RELT,IGFBP6,FSTL3,CTSH,IL19,ERBB3,Tyr,C8:1,C2,C14:2,C10:2

combination34

CLEC4M,CTSV,EFNA5,IGF2R,JAM2,NBL1,RET,SCARF1,B2M,TNFRSF1A,SPOCK2,MMP1,UNC5C,TNFRSF1B,TNFRSF19,RETN,REL

T,IGFBP6,FSTL3,CTSH,IL19,ERBB3,Tyr,C8:1,C2,C14:2,C10:2

combination35

B2M,TNFRSF1A,SPOCK2,MMP1,UNC5C,TNFRSF1B,TNFRSF19,RETN,RELT,IGFBP6,FSTL3,CTSH,IL19,ERBB3,Tyr,C8:1,C2,C14:2,C1

0:2,NBL1,EFNA5,JAM2

three identified 

candidate 

biomarkers NBL1,EFNA5,JAM2
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Supplementary Table 31. Significant numeric variables among three groups of KORA F4 

CKD patients with hyperglycemia.   

P-values of significant (P < 0.05) numeric variables among three groups of KORA F4 CKD patients with hypergly-

cemia are shown. P-values of pairwise comparison are shown as well. Variables with normal distribution were tested 

with anova test and those with skewed distribution (HbA1c, FG, triglyceride, creatinine, CST3, urine albumin, urine 

creatinine and UACR) were tested with Kruskal-Wallis test. Pairwise comparison of numeric variables among groups 

was done by Tukey HSD test for variables with normal distribution and Dunn's test for variables with skewed distri-

bution, respectively. 

Abbreviations: eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio;2-1, g2 vs g1; 

3-1, g3 vs g1; 3-2, g3 vs g2.  
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var

annovaORk

ru.p-value 2-1.p-value 3-1.p-value 3-2.p-value distribution

NBL1 2.418E-18 1.055E-04 7.306E-12 3.803E-09 normal

EFNA5 9.607E-15 1.293E-04 7.325E-12 8.294E-06 normal

JAM2 4.838E-14 3.808E-07 7.356E-12 8.723E-03 normal

Age, years 2.581E-02 9.804E-01 4.951E-02 6.219E-02 normal

eGFR, mL/min/1.73 m² 1.162E-06 3.030E-01 9.285E-07 1.893E-03 normal

UACR, mg/g 3.118E-02 3.037E-01 2.571E-02 3.033E-01 skewed

Creatinine, mg/dl 5.281E-05 9.916E-01 2.090E-04 7.286E-04 skewed

Cystatin C, mg/l 1.685E-05 5.037E-01 2.553E-05 1.779E-03 skewed

Urine albumin, mg/l 1.403E-03 1.226E-01 8.710E-04 1.543E-01 skewed

Uric acid, mg/dl 2.458E-02 7.039E-01 1.079E-01 3.000E-02 normal

DUSP11 4.518E-02 4.409E-01 3.222E-01 4.161E-02 normal

MCM3 2.951E-02 2.382E-01 2.403E-02 8.336E-01 normal

ARG1 5.235E-03 1.340E-02 1.349E-02 7.864E-01 normal

IGFBP2 1.363E-02 7.608E-01 1.206E-02 1.484E-01 normal

CST3 2.515E-07 4.127E-01 2.677E-07 3.768E-04 normal

LAYN 7.864E-09 1.447E-01 6.001E-09 1.667E-04 normal

TNFRSF1A 8.485E-11 6.251E-03 4.620E-11 2.605E-04 normal

IGFBP6 5.163E-10 3.418E-01 7.610E-10 5.185E-06 normal

SPINT1 5.986E-03 2.588E-01 4.088E-03 3.770E-01 normal

CGA LHB 1.406E-02 1.014E-02 3.040E-01 1.968E-01 normal

ESAM 8.183E-05 4.509E-01 6.451E-05 1.644E-02 normal

RETN 2.075E-04 3.179E-01 1.366E-04 4.957E-02 normal

IL2 4.908E-02 1.636E-01 5.567E-02 9.752E-01 normal

TNFRSF1B 1.266E-09 1.940E-01 1.239E-09 2.712E-05 normal

BMP1 3.612E-02 6.607E-02 7.506E-02 9.366E-01 normal

FSTL3 1.746E-08 1.480E-03 8.757E-09 4.208E-02 normal

B2M 5.937E-06 6.567E-01 7.565E-06 1.319E-03 normal

CTSH 1.812E-08 1.518E-01 1.344E-08 2.866E-04 normal

MED1 1.570E-02 6.064E-02 2.302E-02 9.985E-01 normal

PAPPA 5.557E-03 8.359E-01 5.711E-03 6.854E-02 normal

TFF3 5.875E-08 2.981E-01 5.595E-08 2.357E-04 normal

EPHA2 4.898E-08 1.445E-01 3.385E-08 6.292E-04 normal

ERP29 4.051E-03 7.391E-01 2.321E-02 7.428E-03 normal

NOTCH1 7.522E-03 6.449E-01 6.073E-03 1.416E-01 normal

RELT 4.273E-11 1.752E-01 5.693E-11 2.235E-06 normal

SCARF1 1.136E-02 2.138E-01 8.487E-03 5.753E-01 normal

TNFRSF19 4.420E-03 5.868E-01 3.442E-03 1.215E-01 normal

HAVCR2 2.092E-06 1.050E-01 1.159E-06 1.210E-02 normal
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Supplementary Table 32. Difference among three groups of KORA F4 CKD patients with hyperglycemia regarding rate of male, use of anti-

hypertensive, ARBs or ACEIs medication, eGFR based CKD, UACR based CKD, eGFR categories, UACR categories, eGFR decline > 30% 

and UACR increase > 30%.  

P-values of difference among three groups calculated using Pearson chi-squared test or fisher exact test (when any theoretical frequency was less than one) are shown. When 

applicable, the P-values calculated using the Cochran–Armitage test of testing trend of both sides, increasing and decreasing side are shown as well, respectively. 

Abbreviations: ARBs, taking angiotensin 2 receptor blockers; ACEIs, taking angiotensin-converting enzyme inhibitors; eGFRcla, eGFR categories; UACRcla, UACR categories; 

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio; CKDcrcc, eGFR-based CKD that was defined as eGFR < 60 

ml/min/1.73 m2; CKDuacr, UACR-based CKD that was defined as UACR ≥ 30 mg/g. 

 

  

 

 

var trend.both.p-value trend.dec.p-value trend.incr.p-value

chisq.OR fisher.

p-value

Sex, male, % 4.249E-01 2.124E-01 7.876E-01 1.221E-02 a

Antihypertensive 2.524E-02 9.874E-01 1.262E-02 7.684E-02 b

ARBs or ACEIs 5.182E-02 9.741E-01 2.591E-02 5.547E-02 a

CKDcrcc F4 5.607E-05 1.000E+00 2.803E-05 1.617E-04 a

CKDuacr F4 3.862E-04 1.931E-04 9.998E-01 1.782E-03 a

eGFRcla F4 - - - 1.267E-04 b

UACRcla F4 - - - 1.559E-03 b

eGFR decline > 

30% 2.480E-02 9.876E-01 1.240E-02 5.240E-02 b

UACR increase > 

30% 2.205E-01 8.898E-01 1.102E-01 1.061E-01 a

a, p-value calculated using Pearson chi-squared test; b, p-value calculated using fisher exact test. 
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Supplementary Table 33. Characteristics of replicated multi-omics candidates of CKD in hyperglycemia based on various evidence with 

eGFR and/or UACR. 

Groups of replicated candidates are shown, in which the groups were defined by genetic evidence support with eGFR and/or UACR from 2SMR or GPS, or associations (i.e., cross-

sectional and longitudinal) with eGFR and/or UACR from the hyperglycemia individuals of KORA study. The omics candidates, key omics candidates, potential novel candidates 

identified from our study, and processes involved in eight T2DCKD subnetworks in each group are presented.  Candidates that were annotated to the most T2DCKD processes 

were defined as the key omics candidates in each group. If there were no candidates annotated to eight processes in a group, the omics candidates in this group were shown in the 

cell of "key omics". 

* MMP1: MMP1 was potentially causal with CKD by our 2SMR, but no supported causal relationship for eGFR or UACR by 2SMR.  

Abbreviations: 2SMR, two-sample Mendelian randomization; GPS, genome wide polygenic score of eGFR values; CKD, chronic kidney disease; eGFR, estimated glomerular 

filtration rate; UACR, urinary albumin-to-creatinine ratio; uni, candidates in this group were unique compared to other groups in case of one direction; Cr, cross-sectional associa-

tion; Long, longitudinal association; mito, T2DCKDmito process; adipo, T2DCKDadipo process; age, T2DCKDage process; angi, T2DCKDangi process; inna, T2DCKDinna 

process; ras, T2DCKDras process; tyr, T2DCKDtyr process; fibri, T2DCKDfibri process; T2DCKD, T2D related CKD. 
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group omics.label (key) omics potential novel T2DCKD processes

eGFR->candi->eGFR

ADAMTS13,C10:2,C12,C8:1,ERP29,FST

L3,IGFBP6,JAM2,NBL1,RELT,RETN,SC

ARF1,SPOCK2,TNFRSF1A TNFRSF1A,FSTL3 NBL1,JAM2,SCARF1

inna,mito,fibri,angi,adipo

,tyr

eGFR->candi->UACR C14:2,C8:1 C14:2,C8:1

(uni) eGFR->candi

C10,C2,C8,CTSH,IL19,TNFRSF19,TNFR

SF1B,UNC5C TNFRSF1B,CTSH

mito,inna,angi,fibri,ras,ad

ipo,AGEs,tyr

(uni) candi->eGFR C14:1‐OH,CST3,Tyr CST3

tyr,ras,adipo,mito,fibri,in

na,angi

(uni) candi->UACR ERBB3 ERBB3 ras,mito,angi

(uni) candi-

>eGFR&UACR B2M B2M AGEs,inna

eGFR-Cr&Long

ACY1,AMH,C14:1,C16,C18:1,C5,C6(C4:

1‐DC),CGA 

LHB,CLEC4M,CTSV,EFNA5,EGFR,EPH

A2,ESAM,FGF20,GHR,HAVCR2,IGF2R,

KDR,LAYN,MASP1,MMP1,NTRK2,PAPP

A,PLG,RET,SOD2,TFF3 GHR,IGF2R,MMP1

EFNA5,CLEC4M,RET,CTSV

,IGF2R

inna,ras,mito,angi,fibri,ty

r,adipo,AGEs

UACR-Cr&Long EGFR,SLC22A4 EGFR mito,ras,fibri,inna

eGFR-Cr&UACR-Long EGFR EGFR ras,mito,fibri,inna

UACR-Cr&eGFR-Long

AMH,C14:1,C16,C18:1,CLEC4M,CTSV,E

GFR,GHR,KDR,NTRK2,SOD2 GHR CLEC4M,CTSV

ras,inna,mito,angi,fibri,ty

r,adipo,AGEs

(uni) eGFR-Cr LEPR,PLAT PLAT

ras,adipo,mito,fibri,inna,t

yr,angi

(uni) UACR-Cr LYSMD2,NAPA NAPA LYSMD2,NAPA mito

(uni) eGFR&UACR-Cr NOTCH1,TFE3 NOTCH1 TFE3 fibri,inna,adipo,mito,angi

(uni) eGFR-Long FGF9 FGF9 angi



257 

 

Supplementary Table 34. Interactions of connected edges in T2DCKD-SLC22A4-IL19 and T2DCKD-Tyr-IGFBP2 and the based literatures. 

 

Subject Subject type Interaction type Object Object type Arg_loc Arg_Mod PMID Organism Disease

Diabetes mellitus, type II disease increases_quantity of IL19 gene/protein in blood 32585310 Homo sapiens

Insulin resistance; Diabetes 

mellitus, type II

SLC22A4 gene/protein increases_transport of Ergothioneine

drug/chemic  

compound into cells 27023905 Homo sapiens Hearing loss

SLC22A4 gene/protein increases_transport of Ergothioneine

drug/chem  

compound 20224991 Mus musculus Inflammatory bowel disease

SLC22A4 gene/protein increases_transport of Ergothioneine

drug/chem  

compound in HEK293 cells 15795384 Homo sapiens Inflammatory bowel disease

inflammatory response process increases_quantity of IL19 gene/protein in nonimmune cells 32667867 Mammalia

Coronary artery disease; Asthma; 

Immunological; Inflammation

SLC22A4 gene/protein affects_activity of renal interstitial fibrosis phenotype

in streptozocin-

induced diabetes 33907247 Mus musculus Nephropathy, diabetic

Chronic kidney disease disease decreases_activity of SLC22A4 gene/protein in intestine 28754554 Mus musculus Chronic kidney disease

metabolic acidosis phenotype increases_expression of SLC22A4 gene/protein in kidney 32062662 Mus musculus Renal

Chronic kidney disease disease decreases_quantity of Ergothioneine

drug/chemical 

compound in blood

via decreased 

activity of intestinal 

SLC22A4 28754554 Mus musculus Chronic kidney disease

Chronic kidney disease disease decreases_quantity of Ergothioneine

drug/chem  

compound in blood 28754554 Homo sapiens Chronic kidney disease

acute kidney injury phenotype increases_quantity of IL19 gene/protein in AKI mice 23468852 Mus musculus Renal

IL1B gene/protein increases_expression of SLC22A4 gene/protein

via the NF-kappaB 

signaling cascade 17142562 Homo sapiens Rheumatic disease; Inflammation

Ergothioneine

drug/chemical 

compound decreases_activity of

increased blood urea nitrogen 

level phenotype

in streptozocin-

induced diabetes 34346315

Rattus 

norvegicus Nephropathy, diabetic

Ergothioneine

drug/chemical 

compound decreases_activity of increased urine protein level phenotype

in streptozocin-

induced diabetes 34346315

Rattus 

norvegicus Nephropathy, diabetic

Ergothioneine

drug/chemical 

compound decreases_activity of expanded mesangial matrix phenotype

in streptozocin-

induced diabetes 34346315

Rattus 

norvegicus Nephropathy, diabetic

IL19 gene/protein decreases_quantity of IL1B gene/protein 19834971 Mus musculus

Inflammatory bowel disease; 

Inflammation

Ergothioneine

drug/chemical 

compound decreases_quantity of IL1B gene/protein in blood 17603080

Rattus 

norvegicus Nephropathy, diabetic

glomerulonephritis phenotype increases_quantity of IL1B gene/protein in serum 16889043 Homo sapiens Renal

IL19 gene/protein decreases_quantity of IL1B gene/protein 26404542 Homo sapiens Bone; Inflammation

SLC22A4 gene/protein affects_activity of Diabetes mellitus, type II disease 30274012 Homo sapiens

Insulin resistance; Diabetes 

mellitus, type II

Chronic kidney disease disease increases_expression of SLC22A4 gene/protein

  

epithelial 28754554 Mus musculus Chronic kidney disease

SLC22A4 gene/protein decreases_activity of inflammatory response process 28754554 Mus musculus Chronic kidney disease

Ergothioneine

drug/chemical 

compound decreases_activity of

decreased renal glomerular 

filtration rate phenotype 28754554 Homo sapiens Chronic kidney disease

metabolic acidosis phenotype decreases_activity of glomerular filtration process 31988269 Mammalia Chronic kidney disease; Renal

metabolic acidosis phenotype increases_activity of renal interstitial fibrosis phenotype 31988269 Mammalia Chronic kidney disease; Renal

Ergothioneine

drug/chemical 

compound decreases_activity of renal interstitial fibrosis phenotype

in streptozocin-

induced diabetes 34346315

Rattus 

norvegicus Nephropathy, diabetic

T2DCKD-SLC22A4-IL19
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Subject Subject type Interaction type Object Object type Arg_loc Arg_Mod PMID Organism Disease

Chronic kidney disease disease decreases quantity of Tyrosine

drug/ch mica  

compound in plasma 17513431 Mammalia Chronic kidney disease

Phenylalanine

drug/chemical 

compound increases_quantity of Tyrosine

drug/chemical 

compound

via phenylalanine 

hydroxylase 17513431 Mammalia Chronic kidney disease

PAH gene/protein increases_quantity of Tyrosine

drug/chemical 

compound

via phenylalanine 

hydroxylase 17513431 Mammalia Chronic kidney disease

PAH gene/protein decreases_quantity of Phenylalanine

drug/chemical 

compound

via phenylalanine 

hydroxylase 17513431 Mammalia Chronic kidney disease

ACY1 gene/protein increases_quantity of Tyrosine

drug/chem  

compound in kidney 14927637 Sus scrofa Metabolic; Renal

ACY1 gene/protein affects_activity of protein metabolic process process in kidney 18222180 Mammalia Renal

Tyrosine

drug/chemical 

compound increases_quantity of

3,4-Dihydroxy-L-

phenylalanine

drug/chemical 

compound

in proximal tubule 

epithelial cells 30808844 Sus scrofa Renal

IGFBP2 gene/protein decreases_activity of glomerular filtration process 23781310 Homo sapiens

Insulin resistance; Nephropathy, 

diabetic; Diabetes mellitus, type 

II

Chronic kidney disease disease increases_quantity of IGFBP2 gene/protein in plasma 10662705 Homo sapiens Renal; Chronic kidney disease

IGF1R gene/protein decreases_quantity of Tyrosine

drug/chemical 

compound

in hind limb 

muscle

indicating 

increased protein 

degradation 27525440 Homo sapiens Insulin resistance; Muscular

3,4-Dihydroxy-L-

phenylalanine

drug/chemical 

compound decreases_expression of IGFBP2 gene/protein in striatum 25568106 Mus musculus Parkinson disease; Neurological

IGFBP2 gene/protein affects_quantity of IGF1 gene/protein in muscle 20207454 Mammalia Renal; Muscular

IGF1 gene/protein affects_activity of protein metabolic process process in muscle 20207454 Mammalia Renal; Muscular

IGF1R gene/protein

interacts (colocalizes) 

with IGF1 gene/protein 27525440 Homo sapiens Insulin resistance; Muscular

Tyrosine

drug/c emic  

compound affects_activity of protein metabolic process process 20207454 Mammalia Renal; Muscular

protein restriction environment decreases quantity of IGF1 gene/protein in serum of adults 7531712 Homo sapiens Metabolic

protein restriction environment increases_quantity of IGFBP2 gene/protein

in serum of adults 

and children 7531712 Homo sapiens Metabolic

Chronic kidney disease disease increases_quantity of IGFBP2 gene/protein in serum 7545697 Homo sapiens Chronic kidney disease

IGFBP2 gene/protein decreases activity of glomerular filtration process 7545697 Homo sapiens Chronic kidney disease

IGF1 gene/protein increases_activity of body height phenotype 7545697 Homo sapiens Chronic kidney disease

IGFBP2 gene/protein decreases_activity of body height phenotype 7545697 Homo sapiens Chronic kidney disease

protein restriction environment affects_activity of protein metabolic process process 7692021

Ra tus 

norvegicus Metabolic

T2DCKD-Tyr-IGFBP2 
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Supplementary Fig󠆷ures 
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Supplementary Fig. 1-7. Seven T2DCKD subnetworks 

Seven T2DCKD subnetworks including 1)T2DCKDmito, T2D-related CKD subnetwork 

of mitochondrial dysfunction; 2)T2DCKDinna, T2D-related CKD subnetwork of innate 

immune response; 3)T2DCKDadipo, T2D-related CKD subnetwork of adipokine influ-

ence; 4)T2DCKDras, T2D-related CKD subnetwork of renin-angiotensin system dys-

function; 5)T2DCKDfibri, T2D-related CKD subnetwork of extracellular matrix deposi-

tion and renal fibrosis; 6)T2DCKDage, T2D-related CKD subnetwork of advanced gly-

cation end products; 7)T2DCKDangi, T2D-related CKD subnetwork of angiogenesis. 
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Supplementary Fig. 8. Diagram of the procedures of interplaying of 

multi-omics molecules. 
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Supplementary Fig. 9. Scaling values of GPSeGFR-associated candidates 

in stratification of the KORA F4 hyperglycemic individuals according 

to GPSeGFR deciles 

Stratification plots of GPSeGFR deciles and scaling values of GPSeGFR-associated candi-

dates in hyperglycemic individuals of KORA F4.  The centers are the mean scaling values 

of omics candidates and the error bars are the 95% confidence intervals.  Abbreviations: 

GPS, genome-wide polygenic score of eGFR values; eGFR, estimated glomerular filtra-

tion rate. 
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Supplementary Fig. 10. Extreme GPSeGFR is a strong risk factor for in-

creasing omics candidate levels and eGFR values in KORA F4 hyper-

glycemic individuals.  

Regression coefficients with 95% CI of GPSeGFR to eGFR and 17 omics candidates in 

different percentiles of sample size of KORA F4 hyperglycemic individuals are shown, 

respectively. Regression coefficients were from linear regression analysis adjusted for 

full model (incl. age, sex, BMI, systolic blood pressure, smoking status, triglyceride, total 

cholesterol, HDL cholesterol, fasting glucose, use of lipid lowering drugs, antihyperten-

sive and anti-diabetic medication).  The centers represent the regression coefficients, 

while the error bars represent the 95% confidence intervals.  
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Supplementary Fig. 11. Scatter plots of the corresponding first and 

second components of UMAP with different combinations of variables 

to cluster CKD patients in hyperglycemia. 

Scatter plots of KORA F4 CKD patients with hyperglycemia who were classified based 

on the first and second components of UMAP calculated with various combinations of 

biomarkers and omics candidates, respectively.  The used biomarkers and/or omics 

candidates for each combination in the classification are listed in Supplementary Table 

30. In each combination, the number of CKD patients used to be classified depended on 

the complete cases of the used variables.  
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Supplementary Fig. 12. Significant clinical variables and omics candi-

dates across three groups of CKD patients classified by three potential 

novel proteins. 
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Boxplots of values of significant (P < 0.05) clinical variables and omic candidates across 

three groups of KORA F4 CKD patients with hyperglycemia classified by three potential 

novel proteins are shown. The examined omic candidates were from 87 candidates used 

in eight T2DCKD subnetworks. g1: N = 22; g2: N = 14; g3: N = 23. The values of clinical 

variables here were not scaled and the values of candidates here were scaling values.  
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