
 Aus dem
Helmholtz-Zentrum München  
Institut für Epidemiologie (EPI)  

Dissertation

zum Erwerb des Doctor of Philosophy (Ph.D.)

an der Medizinischen Fakultät der

Ludwig-Maximilians-Universität München

Multimorbidity and Mortality: Evidence from Epidemiological Studies in 
Older Adults

vorgelegt von:

Ava Arshadipour

aus:

Isfahan/ Iran

Jahr:

2024



Mit Genehmigung der Medizinischen Fakultät der
Ludwig-Maximilians-Universität München

Erstes Gutachten von: Prof. Dr. Annette Peters

Zweites Gutachten von: Prof. Dr. Barbara Thorand

Drittes Gutachten von: Priv. Doz. Dr. Tobias Weinmann

Viertes Gutachtes: Priv. Doz. Dr. Karoline Lukaschek

Dekan: Prof. Dr. med. Thomas Gudermann

Datum der Verteidigung:

26.03.2024



 

  
 

 

“Dedicated to my beloved Son”



2 

Affidavit  

Affidavit 

 

 
 

 

Arshadipour, Ava 
 
________ 

_______________________________________________________________ 
Surname, first name 
 
 
Munich 
________________________________________________________________ 
Street 
 
 
Munich, Germany 
_________________________________________________________________ 
Zip code, town, country 
 
 
I hereby declare, that the submitted thesis entitled:  

Multimorbidity and Mortality: Evidence from Epidemiological Studies in Older Adults 
……………………………………………………………………………………………………………. 

 

 

is my own work. I have only used the sources indicated and have not made unauthorized use of 
services of a third party. Where the work of others has been quoted or reproduced, the source is 
always given. 

I further declare that the dissertation presented here has not been submitted in the same or similar 
form to any other institution for the purpose of obtaining an academic degree. 
 
 
__________________________                                        __________________________________
              

place, date                                                                                                                    Signature doctoral candidate 

 

 

Affidavit 

Munich, 09 May 2024



3 

Confirmation of congruency 

Confirmation of congruency   

 

 
 
 

 
Arshadipour, Ava 
________ 

_______________________________________________________________ 
Surname, first name. 
 
 
Munich 
_________________________________________________________________ 
Street 
 
 
Munich, Germany 
_________________________________________________________________ 
Zip code, town, country. 
 
 
I hereby declare, that the submitted thesis entitled:  

Multimorbidity and Mortality: Evidence from Epidemiological Studies in Older Adults 
……………………………………………………………………………………………………………. 

 

is congruent with the printed version both in content and format. 

 

 

 

 

 
__________________________                                        __________________________________
              

place, date                                                                                                                    Signature doctoral candidate. 
 

 

 

Confirmation of congruency between printed and electronic version of 
the doctoral thesis 

Munich, 09 May 2024



4 

Table of content 

Table of content 

Affidavit ....................................................................................................... 2 

Confirmation of congruency ..................................................................... 3 

Table of content ......................................................................................... 4 

List of abbreviations .................................................................................. 6 

List of publications .................................................................................... 7 

1. Contribution to the publications ..................................................... 8 

1.1 Contribution to publication I ................................................................ 8 

1.2 Contribution to publication II ............................................................... 8 

2. Introductory summary ..................................................................... 9 

2.1 Problem statement ............................................................................. 9 

2.2 Research questions and objectives ................................................. 11 
2.2.1 Publication I: .................................................................................... 11 
2.2.2 Publication II: ................................................................................... 11 

2.3 Overview of the doctoral thesis ........................................................ 12 

2.4 Study design and population ............................................................ 12 
2.4.1 Exploratory variable ......................................................................... 13 
2.4.2 Multimorbidity definition .................................................................... 13 
2.4.3 Mortality assessment ....................................................................... 14 

2.5 Statistical methods ........................................................................... 14 

2.6 Key findings publication I ................................................................. 15 
2.6.1 Multimorbidity and chronic diseases prevalence .............................. 15 
2.6.2 Born in different phases of World War II and multimorbidity 

development .................................................................................... 15 
2.6.3 Chronic disease clusters .................................................................. 15 

2.7 Key findings publication II ................................................................ 16 
2.7.1 Multimorbidity and all-cause mortality association ........................... 16 
2.7.2 Multimorbidity and cause-related mortality association .................... 16 
2.7.3 The most common diseases combination and their associated 

mortality ........................................................................................... 16 

2.8 Strengths and limitations .................................................................. 17 
2.8.1 Strengths .......................................................................................... 17 
2.8.2 Limitations ........................................................................................ 18 

2.9 Outlook of doctoral thesis ................................................................. 18 

3. Publications .................................................................................... 20 



5 

Table of content 
3.1 Publication I ..................................................................................... 20 

3.2 Publication II .................................................................................... 33 

References ................................................................................................ 46 

Acknowledgements ................................................................................. 48 



6 

List of abbreviations 

 List of abbreviations 
BMI Body mass index 

CI Confidence intervals 

ICD International Classification of Diseases 

IQR Interquartile range 

GLMM Generalized Linear Mixed Models 

HR Hazard ratios 

KORA Cooperative Health Research in the Region of Augsburg 

MM Multimorbidity 

OR Odds ratios 

WHR Waist-to-hip ratios.  



7 

List of publications 

List of publications 
1. “Ava Arshadipour, Birgit Linkohr, Barbara Thorand, Karl‑Heinz Ladwig, Margit

Heier, Susanne Rospleszcz, and Annette Peters, Impact of prenatal and childhood

adversity affects around World War II on MM: results from the KORA‑Age study.

BMC Geriatrics (2022) 22:115,”

https://doi.org/10.1186/s12877-022-02793-2

2. “Ava Arshadipour,, Birgit Linkohr, Barbara Thorand, Margit Heier, Karl‑Heinz

Ladwig and Annette Peters, MM patterns and mortality in older adults: Results

from the KORA-Age study. Frontiers, Front. Nutr. (2023), 10:1146442,”

https://doi: 10.3389/fnut.2023.1146442.



8 

Contribution to the publications 

1. Contribution to the publications

1.1 Contribution to publication I 
I am the first author of paper I, and I was involved in developing the research questions 
under the supervision of my doctoral supervisor, Prof. Annette Peters. I performed all 
conceptualization, statistical analyses, interpretation, and drafting of the papers under the 
supervision of Prof. Annette Peters, and Prof. Barbara Thorand as the members of my 
Thesis Advisory Committee and Dr. Birgit Linkohr as my mentor. Moreover, I have 
written all manuscript drafts, incorporated co-authors' comments, finalized the 
manuscripts based on reviewers' comments, and coordinated the communication between 
co-authors and editors from the journal. 

1.2 Contribution to publication II 
I am the first author of paper II, and I was involved in developing the research questions 
under the supervision of my doctoral supervisor, Prof. Annette Peters. I performed all 
conceptualization, statistical analyses, interpretation, and drafting of the papers under the 
supervision of Prof. Annette Peters, and Prof. Barbara Thorand as the members of my 
Thesis Advisory Committee and Dr. Birgit Linkohr as my mentor. Moreover, I have 
written all manuscript drafts, incorporated co-authors' comments, finalized the 
manuscripts based on reviewers' comments, and coordinated the communication between 
co-authors and editors from the journal.



9 

Introductory summary 

2. Introductory summary

2.1 Problem statement 
Multimorbidity (MM), as the presence of multiple chronic diseases simultaneously in one 

person, is a significant global public health issue, particularly among the elderly 

population, and its prevalence is increasing [1]. It has the potential to place a considerable 

limitation for both the healthcare system and the individual. The presence of MM can 

result in higher risk of hospitalization, polypharmacy and healthcare and society costs [2-

4]. In addition, MM has been associated with decline in quality of life and functional 

abilities (5). It can also increase the mortality risk, based on a meta-analysis of 26 articles 

(6). Overall, the burden of MM is a significant public health concern that requires 

attention from healthcare providers and policymakers. The increasing prevalence of MM 

and its associated healthcare costs, functional impairment and mortality, necessitates the 

development of effective prevention and management strategies to decrease the problem 

of the healthcare system and to enhance the quality of life of individuals affected by this 

condition.  

Depending on the number of included diseases, data, and measurement methods, the 

prevalence of MM among adults 65 years and older ranged from 55% to 98%, according 

to a systematic evaluation of 41 articles conducted in different countries [7]. As per one 

cross-sectional study conducted in Germany (2012-2013), the prevalence of MM was 

61.7% amongst individuals aged 60-69 years old and 72.9% amongst those who were 70-

79 years old [8]. Moreover, based on the data from KORA (Cooperative Health Research 

in the Region of Augsburg)-Age study performed in 2008 till 2009, the MM prevalence 

in southern Germany was 58.6% among individuals aged 65 to 94 [9]. 

Longer life expectancies and epidemiologic disease shifts in industrialized countries, as 

well as more recently in less developed countries, are the main causes of the global 

increase in the prevalence of chronic diseases and MM correspondingly. A large 

demographic shift brought on by population aging can provide new problems for 

governments, healthcare systems, and society worldwide. By the year 2050, the 

proportion of adults aged 60 years old and above is expected to rise from approximately 

12% (equivalent to around 900 million) in 2015 to approximately 22% (corresponding to 

about 2.1 billion) globally. Moreover, the global population who are at least 80 years old 
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will be almost triple in the world and reach to 426 million by 2050 [10]. In Germany, the 

percentage of people over 60 years old will rise to      40.8% by      2060 (currently 

~40.8%) [11].  The epidemiological transition, which describes how chronic diseases over 

time have replaced infectious diseases because of better medical care and disease 

prevention, is another significant factor contributing to the rising prevalence of chronic 

disease and MM [12]. 

In addition, improvements in healthcare, sanitation, and vaccination programs have 

contributed to the decline in infectious diseases [13]. However, lifestyle factors, including 

poor nutrition, being physically inactive, overweight, living alone, excessive alcohol, and 

tobacco consumption, and socioeconomic factors including education, occupation, and 

life pass exposure [14-17], have led to an increase in chronic diseases. 

MM can result in a higher mortality risk. According to one study combined with the 

results of 26 PUBMED studies, the hazard ratio (HR) for the association between 

mortality and MM was found to be 1.44 (HR: 1.44, 95% CI: 1.34, 1.55) for individuals 

who were 60 years old and above. With a greater number of included chronic diseases, 

there was a higher mortality risk (HR: 1.20, 95% CI: 1.10, 1.30). Compared to people 

without MM, individuals who had two or more diseases experienced a 1.73 times higher 

mortality risk (HR: 1.73, 95% CI: 1.41, 2.13), while those with three or more diseases 

had a 2.72 times higher risk (HR: 2.72, 95% CI: 1.81, 4.08) [18]. 

Various factors influence the risk of mortality such as the disease types in the MM 

definition, the considered age groups, the number of participants, and the chronic disease 

risk factors [19-24]. A longitudinal observational study was conducted in Germany with 

a focus on individuals older than 65 years old. They examined the association between 

MM (based on 46 chronic diseases) and mortality. It revealed that women had an all-

cause mortality hazard ratios of 1.02 (HR: 1.02, 95% CI: 1.01, 1.02), while men had a 

ratio of 1.04 (HR: 1.04, 95% CI: 1.03, 1.04). Various disease clusters may exhibit distinct 

levels of mortality risk. The study also revealed that the cluster of neuropsychiatric 

disorders (such as dementia, Parkinson disease, urinary issues, etc.) was significantly 

associated with an increased mortality risk of 1.33 (HR: 1.33, 95% CI: 1.30, 1.36) in 

women and 1.46 (HR: 1.46, 95% CI: 1.43, 1.50) in men. Furthermore, cardiovascular, 

and metabolic disorders (e.g. hypertension, diabetes, kidney and liver insufficiency, heart 

disease, and so on) had inconsistent risk in women (HR: 0.99, 95% CI: 0.97, 1.01) and 

(HR: 1.08, 95% CI: 1.07, 1.09) in men. Additionally, psychiatric, psychosomatic, and 



11 

Introductory summary 
pain-related disorders (e.g. hypotension, migraine, anxiety, asthma, joint arthrosis and so 

on) were related to significantly lower mortality risk in women (HR: 0.87, 95% CI: 0.86, 

0.89) and men (HR: 0.88, 95% CI: 0.87, 0.90) [25]. 

Even though MM is becoming more common and poses significant difficulties, the 

studies on the MM prevalence, potential diseases associations, and relationship between 

MM patterns and mortality in Germany are limited [25]. Then, with an expanding 

population of senior citizens in the coming decades in Germany [11], substantial 

prospective studies are required to offer evidence for program planning, treatments, and 

management of MM. This would aid in the development of medical services and 

treatment protocols to satisfy the needs of Germans with multiple diseases. 

2.2 Research questions and objectives 
The current cumulative doctoral thesis aims to investigate the following questions: 

2.2.1 Publication I: 

1a) What percentage of individuals aged 65 to 71 years old have MM? 

1b) Did prior exposure to early age hardship, during and after World War II (for 

individuals born between 1937 and 1950) influence the development of MM in 

individuals aged 65 to 71 years old? 

1c) Which chronic diseases cluster together for the age group 65 to 71 years old? 

2.2.2 Publication II: 

2a) What percentage of individuals aged 65 years old and above were affected by MM? 

2b) Which typical characteristics distinguish elderly adults with MM from those without 

MM in the KORA-Age database? 

2c) What are the common patterns of multiple chronic disease combinations (stratified 

by sex), along with their respective mortality risks? 

2d) How strong is the longitudinal relationship of MM and mortality in older Germans, 

stratified by sex? 
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2.3 Overview of the doctoral thesis 
This cumulative Ph.D. thesis incorporates the following two scientific articles that have 

been published in reputable international journals: 

1. “Ava Arshadipour, Birgit Linkohr, Barbara Thorand, Karl‑Heinz Ladwig, Margit 

Heier, Susanne Rospleszcz, and Annette Peters, Impact of prenatal and childhood 

adversity affects around World War II on MM: results from the KORA‑Age study. 

BMC Geriatrics (2022) 22:115,” 

 https://doi.org/10.1186/s12877-022-02793-2 

2. “Ava Arshadipour,, Birgit Linkohr, Barbara Thorand, Margit Heier, Karl‑Heinz 

Ladwig and Annette Peters, MM patterns and mortality in older adults: Results 

from the KORA-Age study. Frontiers, Front. Nutr. (2023), 10:1146442,” 

 https://doi: 10.3389/fnut.2023.1146442. 

Four years of research went into these two papers to address the above-mentioned 

questions. 

2.4 Study design and population 
The study was conducted based on the data from two population-based studies conducted 

under the name of KORA. KORA-Age was a subset of the KORA study focusing on 

individuals who were aged 65 years and older. KORA-Age1 (01.12.2008 to 06.11.2009) 

and KORA-Age3 (01.02.2016 to 07.10.2016) studies were the follow-up of the S1 till S4 

studies conducted from 1984 until 2001 in southern Germany. 

Publication I of this thesis was based on individuals who were 65 to 71 years old. 1920 

participants came from the KORA-Age 1 (born between 1937 and 1943) and 1444 

participants from the KORA-Age 3 (born between 1944 and 1950) (Figure 1). 
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Figure. 1 Study design, Participant of the KORA-Age 1 and KORA-Age 3. Combined study population 
(N=3,377) and birth phases. 2008 and 2015 referred to the years for the age calculation in two studies. 
Phases were defined based on the participant's critical developmental age (prenatal gestation or the first 

two years of life) and the World War II situation in Germany [26]. 

Publication II was based on the health information of 4127 participants (2015 men and 

2112 women) from KORA-Age 1 and the mortality status of these individuals was 

followed until 2016. The study was conducted under the Helsinki Declaration. KORA 

study has been approved by the “Bavarian Ethics Committee” (EC No. 08084). 

Additional information about the KORA-Age is available in other sources [27]. 

2.4.1 Exploratory variable 
Sex, age, alcohol consumption, exercising, education, body mass index (BMI), smoking 

habit, and cognitive level are considered as covariates for analysis. More details about 

these exploratory variables definition and their values are presented in the publications in 

the method section. 

2.4.2 Multimorbidity definition 

MM is considered as the existence of at least two chronic diseases simultaneously in one 

individual [9]. Heart disease, stroke, eye disease, joint disease, liver diseases, 

gastrointestinal disease, diabetes, cancer, kidney diseases, lung disease, depression, 

neurological diseases, anxiety, and hypertension have been considered as important 

chronic diseases for the MM definition. These fourteen diseases were collected based on 

telephone interviews or questionnaires. More information about these diseases and their 

definition can be found in the method section of the publications. 
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2.4.3 Mortality assessment 

All participants of the first arm, KORA-Age 1, followed for cause-related (cancer, 

cardiovascular, and other disease-related) mortality and all-cause mortality according to 

the death participants certificate. The death certificate was coded based on the 

“International Classification of Diseases (originally ICD-9, translated to ICD-10)”. 

Follow-up median time of mortality was 6.7 years with 25% and 75% quartile of 7.07 

and 6.74 years respectively. More details about all-cause mortality and cause-specific 

mortality can be found in publication II. 

2.5 Statistical methods 
In publication I, Chi-squared tests were used to check the differences between sex and 

birth phases of baseline characteristics. Odds ratios (OR) were used with multivariate 

logistic regression analysis while adjusting for potential confounder to check the 

association between MM and born phases during World War II. The unsupervised 

clustering machine learning approach was used to identify associated diseases as clusters. 

For the sensitivity analysis part, hypertension was excluded from MM definition and 

analysis performed without it. Moreover, other linkage methods in the clustering 

approach for clustering have been used for checking the robustness of the method. 

“Generalized Linear Mixed Models (GLMM)” have been used for checking the effect of 

the time point collection data in two different arms of the KORA-Age. 

In   publication   II, Chi-squared and Wilcoxon rank-sum tests were used to check the 

association between mortality outcome variable and baseline characteristics. The Kaplan-

Meier curve estimator displayed to show the survival function of individuals with and 

without MM. Moreover, using log-rank test the hypothesis of difference between two 

groups in death probability has been checked. “Cox Proportional-Hazards” analysis was 

used to calculate the hazard ratios (HR). These estimations were performed to assess the 

mortality risk associated with MM in both men and women. 

Furthermore, the most common combinations of diseases, along with their associated HR 

were calculated. As part of sensitivity analyses, the Cox proportional models were 

performed with waist-to-hip ratio instead of BMI. 

RStudio 2021.09.1 and R 4.1.2 used for analysis and all plots display (https://www.r-

project.org). P-values < 0.05 were considered statistically significant test results. 

https://www.r-project.org/
https://www.r-project.org/
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2.6 Key findings publication I 

2.6.1 Multimorbidity and chronic diseases prevalence 

For adult participants aged 65 to 71 years old, the prevalence of MM was 49.4% and no 

significant difference in statistical prevalence between men (48.8%) and women (49.9%) 

was detected. 

In general, hypertension, eye diseases, and cardiovascular diseases exhibited the highest 

occurrence rates among males and females, respectively. While women exhibited 

significantly higher rates of occurrence of joints, eye, anxiety and gastrointestinal 

diseases, men demonstrated a greater incidence of cardiovascular diseases, diabetes, and 

strokes. 

2.6.2 Born in different phases of World War II and multimorbidity 
development 

Individuals born in the period of late World War II in south Germany exhibited the highest 

MM prevalence compared to those born in other World War II periods. Furthermore, 

being born in various phases of the World War II demonstrated a significant statistical 

difference in the development of single chronic diseases and MM accordingly during age 

65 to 71 among KORA-Age participants. More details about the odds ratios of MM and 

single chronic disease can be found in publication I. 

Education level, alcohol consumption, BMI, smoking, and cognitive status had a 

significant association with birth in different phases of World War II. 

2.6.3 Chronic disease clusters 

Using the agglomerative hierarchical clustering method on fourteen chronic diseases, we 

found three main clusters of disease for individuals who were 65 to 71 years old. The first 

cluster included depression, anxiety, neurological and joint diseases. The second cluster 

consisted of hypertension, stroke, diabetes, and heart diseases. The third cluster is 

composed of gastrointestinal, kidney, lung, and liver diseases. 

The scientific contribution of publication I is summarized in Box 1. 

• For all individuals aged 65 to 71 years old, no significant difference in MM 

prevalence has been specified. 
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• Early year life hardship during the late World War II phase significantly increased 

the MM risk at age 65 to 71 years old. 

• For the age group 65 to 71 years old, hypertension, eye diseases, and heart diseases 

were the most prevalent chronic diseases in both sexes. 

• The most prevalent chronic diseases among women aged 65 to 71 were joint, eye, 

gastrointestinal disease, and anxiety. However, within the same age range, males 

exhibited higher prevalence of heart disease, diabetes, and stroke. 

• Three primary clusters of chronic diseases have been identified for this age group. 
 

 

2.7 Key findings publication II 

2.7.1 Multimorbidity and all-cause mortality association 

In both sexes, individuals without MM had greater survival probabilities in comparison 

to those with MM. Furthermore, MM exhibited a significant positive association with all-

cause mortality in both men and women. 

2.7.2 Multimorbidity and cause-related mortality association 
The risk of cardiovascular-related mortality was found to be 83% higher among men with 

MM compared to those without MM, while in women, this risk was elevated by 27%. 

The risk of mortality due to cancer was 66% higher in men with MM compared to those 

without MM. Likewise, in women, individuals with MM had a 76% higher risk of cancer-

related mortality compared to those without MM. Additional information regarding 

hazard ratios for cause-specific mortality is available in publication II. 

2.7.3 The most common diseases combination and their associated 
mortality 

Hypertension, heart, eye, diabetes, lung, joint, and anxiety were the most common 

diseases in both sexes. In terms of the most frequently occurring combinations of 

diseases, men displayed pairs such as hypertension-heart disease, hypertension-eye 

disease, hypertension-diabetes, eye-heart disease, and hypertension-joint disease. In 

contrast, women exhibited pairs including hypertension-heart disease, hypertension-eye 

disease, hypertension-diabetes, hypertension-joint disease, and eye-heart disease. More 
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details about HR and confidence intervals associated with these common combinations 

can be found in publication II. 

The scientific contribution of publication II is summarized in Box 2. 

• Participants with MM had a significantly less probability of survival in both sexes 

compared with those without MM. 

• MM can significantly increase the mortality risk in all participants older than 65 

years old for both sexes. 

• Cardiovascular-related death risk was significantly higher for participants with 

MM in comparison with those without MM in men, however it was not significant 

in women. 

• Individuals with MM had significantly higher cancer-related mortality risk in both 

sexes. 

• Hypertension, heart, lung, diabetes, and joint disease were specified as prevalent 

diseases in 65 years old and older individuals. 

• Different disease clusters can present different amounts of mortality risk in men 

and women.  

 

2.8 Strengths and limitations 
This study encompasses several strengths and limitations. 

2.8.1 Strengths 
This thesis has some strengths. First, two KORA-Age cohort studies were high-quality 

population-based samples. They were performed in 2008 and 2015 and consisted of 

individuals aged 65 and above who were born before, during and after World War II. 

These two informative similar samples facilitated the examination of MM development 

across various cohorts. We were able to conduct a longitudinal study to look at the impact 

of MM on mortality while adjusting for sociodemographic characteristics because KORA 

in 2015 was a follow-up of KORA in 2008. We were able to reduce the population bias 

thanks to this. Additionally, the large sample size gave us the power to study the 

interactions between MM and other factors like age and BMI. Another strength is that the 

same interview tools were used in both cross-sectional KORA-Age investigations, 

reducing the likelihood of biased results [28]. The large sample size helped us to explore 

the common disease combination and their corresponding mortality risks. 
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2.8.2 Limitations 
Our study also had some limitations. While reporting the height and weight by individuals 

was more practical, it may potentially lead to an underestimation of the actual BMI 

values. Participants often report lower weights, which can result in a significant 

discrepancy between the reported BMI and the actual value. This phenomenon may be 

susceptible to recall bias [29]. Another possible study limitation is the reliance on disease 

information obtained through telephone interviews and questionnaires. This methodology 

might introduce information and recall biases, particularly among old individuals with 

severe health disease. Additionally, we lacked information regarding the chronological 

order of disease occurrence within individuals, which could have provided a more precise 

interpretation of the findings. Moreover, our research did not account for the severity of 

each disease or include geriatric syndromes such as functional decline, frailty, pressure 

ulcers, incontinence, delirium, or falls, which could have added valuable insights to our 

analysis. In addition, it's worth noting that the prevalence of most diseases was a bit low 

within the KORA-Age participants. This could potentially account for the absence of a 

significant association between certain diseases and their combination and the mortality 

risk and this can result in low power. Moreover, for the analysis of childhood adversity, 

we only relied on the birth year of individuals. Specifically, we lacked information 

pertaining to factors such as maternal health, birth weight, childhood diet, parent-child 

separation, exposure to adversity, and other variables that could potentially contribute to 

the development of MM. 

2.9 Outlook of doctoral thesis 
This doctoral thesis investigated the importance of MM and its relationship with mortality 

in older adults, utilizing evidence from epidemiological studies. The two publications 

included in this thesis shed light on the MM prevalence, corresponding influential factors, 

and its impact on mortality in individuals aged 65 and older. Considering the findings of 

these two publications, it can be concluded that MM poses a substantial burden on older 

adults, influencing both their health status and mortality outcomes. The results emphasize 

the need for healthcare professionals and policymakers to recognize the significance of 

MM and its impact on older individuals well-being. Looking ahead, future studies should 

be directed towards investigating the hidden structures that establish connections between 

prenatal and childhood adversity to increased MM prevalence in older adults. 

Additionally, further exploration is needed to specify the causal association of MM and 



19 

Introductory summary 
mortality, as well as to identify preventive strategies to mitigate the burden of MM and 

its associated mortality risks in older populations. More longitudinal studies should be 

conducted to provide more robust evidence in vulnerable populations, such as older 

individuals with MM. 

In conclusion, this doctoral thesis contributes to the understanding of MM and its 

implications for mortality in older adults. Healthcare professionals should consider MM 

as a crucial factor when assessing the health status and mortality risk of older patients. 

Efforts should be made to incorporate routine risk assessment of MM within existing 

multidisciplinary healthcare services. With a global aging population and the subsequent 

events, it is essential to prioritize interventions that maximize the quality of life for the 

elderly population, with particular attention given to MM management.
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