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2. Introductory summary  

2.1 Background  
In view of the rapid development of new medical technologies and the increasing flood of infor-
mation, medical guidelines can offer orientation and impart the best available evidence in every-
day care. By definition of the Ärztliches Zentrum für Qualität in der Medizin (ÄQZ), the Bundesärz-
tekammer (BÄK) and the Kassenärztliche Bundesvereinigung (KBV), medical guidelines are ‘sys-
tematically developed, scientifically founded and practice-oriented decision-making aids for the 
appropriate medical conduct for specific health problems. They deliver the consensus of several 
experts from different specialist areas and working groups that has been achieved according to a 
defined, transparent procedure for a specific medical approach’ (3). They are intended to promote 
the transparency of medical decisions, the quality of medical care and good medical practice, 
taking into account the available resources of the health system (3). Guidelines provide bounda-
ries for decision-making. The appropriateness of specific recommendations must always be as-
sessed in the individual case, considering the existing circumstances of each situation. From 
guidelines that meet the essential methodological requirements, indicators can be derived that 
can be used to quantify the volume and quality of medical care and to distinguish areas with 
sound practice and those in need of improvement. Such guideline-based indicators are an essen-
tial tool for the evaluation of health services and outcomes in everyday medical practice. The 
information obtained thereby can, for example, support needs-based care planning as well as 
economic and social allocation decisions. 

Depending on the clinical situation, the quality of the available evidence and the precision of the 
recommendations must be taken into account. In the case of some decisions, such as those 
without a clear recommendation or in which soft criteria are applied, there is room for discretion 
as to how to proceed. Wennberg et al. (4) suggest that there is a relationship between the avail-
ability as well as the quality of evidence in favour of a specific treatment and the variation in its 
utilization. Consequently, deviation resulting in greater variation are more likely to occur when 
there is lower certainty about the basis of evidence for a treatment option. The concept relies on 
the assumption that providers intent to maximize the perceived health of their patient but may 
deviate from this aim, because of other factors such as ethical considerations, financial incentives, 
resource capacity and patient demand (5). Health care is divided into three categories according 
to the differentiation by Wennberg et al (4). Effective care involves treatment strategies with clear 
benefits supported by a firmly grounded evidence base. Preference-sensitive occurs when suita-
ble alternatives are available, and the choice requires a compromise as the risks and benefits of 
the options must be weighed. One speaks of supply-sensitive care when, the lack of recommen-
dations and evidence on tried-and-tested treatment strategies leaves a wider scope for decision-
making or when there is greater medical uncertainty (4, 5).  

This PhD project focuses on patients with coronary heart diseases. Cardiovascular diseases, in-
cluding coronary heart disease, are among the most common causes of death and disability in 
Germany and other industrialized countries (6, 7). Owing to the high medical, but also health-
economic, relevance of this widespread disease, the best possible diagnosis and therapy are 
required. The national care guide and international guidelines detail comprehensive recommen-
dations for anamnesis, diagnosis, and treatment of the disease. The procedures that are at the 
centre of the two analyses, coronary angiography and percutaneous coronary intervention, were 
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selected because, they are one of the most frequently performed diagnostic procedures in hospi-
tals in Germany (8) and considerable regional variation in the rates of coronary angiography and 
percutaneous coronary intervention have been reported (9-12). Furthermore, in comparison with 
the rates exhibited in other European health systems, the rates of coronary angiography and 
percutaneous coronary intervention in Germany have been regarded to be rather high (9). 
Whether these findings actually reflect differences in medical needs or not, has therefore been 
discussed repeatedly (9-11).  

Coronary angiography is an invasive diagnostic procedure to investigate the morphology of the 
blood vessels of the heart. Depending on its results, a decision between a revascularization, 
namely percutaneous coronary intervention and coronary artery bypass graft surgery, or con-
servative treatment only can be made. The importance of coronary angiography in the preparation 
of subsequent treatment is emphasised in the guidelines, while solely diagnostic indications are 
restricted (13-17). That is why, in the case of these procedures, the assessment of the indication 
according to guideline recommendations is of special interest. Drug therapy has come to be one 
of the cornerstones of secondary prevention in patients with stable coronary heart disease. The 
clinical guidelines for coronary heart disease recommend drug therapy as the first means of treat-
ment for stable coronary heart disease, while the indication for percutaneous coronary interven-
tion is limited to patients with persistent symptoms even with optimal medical therapy (13-15, 17).  

Both papers are based on a nationwide data set statutory health insurer providers (1, 2). Routine 
data from the statutory health insurance providers (GKV routine data) are a special type of sec-
ondary data and are primarily collected for billing purposes and for reimbursement of costs but 
may also be used for research purposes. GKV routine data are generated under everyday condi-
tions and thus depict the current care situation, which is why they are increasingly being used as 
a data source in the context of health services research. On account of their extensive size, GKV 
routine data also offer the possibility of regional evaluations on a national level. In this way, ques-
tions about the regional quality of care on the basis of evidence-based care guidelines can be 
addressed and possible regional differences can be compared. The results of such analyses can 
be a starting point for targeted regional studies and structural development, and for reducing un-
der-, over- and incorrect provision of care (18-20). In particular, the analyses can also give indi-
cations of the determinants of utilization at the supply level, i.e., provide indications of supply-
sensitive provision of care, for example.  

2.2 Aim 
The aim of this PhD project was to investigate the use of health services in accordance with 
guideline recommendations and to examine regional practice variation based on GKV routine 
data from statutory health insurance providers in Germany. First, the extent to which recommen-
dations from the national and European guidelines for the treatment of coronary heart disease 
can be examined using GKV routine data was assessed. Second, it was examined whether se-
lected recommendations from guidelines for coronary heart disease are reflected in the clinical 
practice based on a nationwide GKV routine data set. Lastly, it was assessed whether there are 
indications that the recommendations are adhered to in varying degrees and if these differences 
are associated with various characteristics including regional health care supply. This was done 
using two articles (1, 2) focusing on different guideline recommendations in the context of coro-
nary angiography and percutaneous coronary intervention. Both papers draw upon on a nation-
wide GKV routine data set from three statutory health insurance providers (1, 2). GKV routine 
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data offer a number of advantages that make it an attractive data basis for the analysis of current 
medical care, but they also have some important limitations. These were discussed in the course 
of the PhD project. Although both analyses take regional aspects into account, they use different 
perspectives. The first focused on a spatial analysis at the regional level and the second on a 
multi-level analysis that takes into account both the individual patient and the regional perspec-
tive. 

Paper 1 (1) focused on the use of coronary angiography. This procedure is well suited for exam-
ining variations in medical practice because the available evidence and appropriateness criteria 
allow discretion in some patient groups and the procedure shows considerable heterogeneity in 
its benefits across patient populations. Therefore, the role of the indication for the procedure and 
its relationship with respect to the association of its use with the regional capacity was examined. 
In Paper 1 (1), it is hypothesized that, due to the different degrees of certainty surrounding the 
treatment decision and differences concerning the expected benefit in the acute (cases with my-
ocardial infarction) and non-acute situation (cases without myocardial infarction), the regional var-
iation in rates and the association of supply and need differ according to the indication for coronary 
angiography (1). The regional variation in the rates of coronary angiography was investigated in 
small-area analyses at the level of the 401 districts. Lastly, the association between regional sup-
ply and the rates of the procedure were assessed, while controlling for need in spatial models (1).  

The aim of Paper 2 (2) was to assess whether patients obtained optimal medical therapy prior to 
elective percutaneous coronary intervention in Germany. Because chest pain relief plays a central 
role in the therapy, particularly when considering  percutaneous coronary intervention as a suc-
ceeding treatment, symptom-oriented therapy was assessed in an additional analysis (2). Both 
are an example of effective care. First, it was examined if the clinical practice mirrors the guide-
lines recommendations for secondary prevention in patients with stable coronary heart disease 
and whether there are opportunities to improve their care. Second, a multi-level model was then 
estimated to investigate the role of the characteristics of the patient and the regional availability 
of health services on the use of drug therapy (2).  

A third paper, which is not part of the project, demonstrated further application of the systemati-
zation of guideline recommendations in GKV routine data to identify empirical ambulatory care 
sequences using data mining methods, in particular state-sequence analysis (SSA) (21).  

2.3 Method 

2.3.1 Systematization of guideline recommendations and the depiction in 
GKV routine data 

 

Both papers were based on cohorts that stem from a comprehensive linked nationwide longitudi-
nal GKV routine data set from three statutory health insurance providers for the years 2014–2016 
(1, 2). The data encompass insured aged 18 years or older undergoing coronary angiography in 
the year 2016, including all of the patients’ reimbursable hospital (inpatient and outpatient), office-
based practice and prescription billing data between 2014 and 2017. The dataset also includes 
the related diagnoses and demographic information for the patient. 
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On account of their many advantages, GKV routine data are generally an attractive data source 
for investigating adherence to medical guidelines. The broad character of the database allows for 
consideration of the use of health services at the population level and across the course of care. 
However, several assumptions regarding the guideline, the indication and the data basis need to 
be met to be able to depict a given guideline recommendation with GKV routine data. The health 
care practice, in terms of diagnostics and therapy to be examined, should be coded using a stand-
ardized coding system such as Einheitlicher Bewertungsmaßstab (EBM), Operationen- und 
Prozedurenschlüssel (OPS), International Statistical Classification of Diseases and Related 
Health Problems, 10th version (ICD-10) and Anatomical Therapeutic Chemical (ATC) codes. 
Temporal and quantitative information should be specified in the coding in order to be able to map 
these recommendations as precisely as possible with the help of GKV routine data. Measures 
that are not relevant to billing are not coded and are therefore also not included in the GKV routine 
data. A differentiated comparison between guideline recommendations and the reality of care is 
also limited if the recommendations are not formulated precisely enough. However, the precision 
of the recommendations in the guidelines and the opportunity for discretionary judgement is an 
interesting subject for research in itself.  

2.3.1.1 The indication of coronary angiography (Paper 1) 

The high and widely varying rates of coronary angiography raise the question to what extent these 
are actually justified by medical need. As explained earlier, assessment of the indication for the 
procedures according to guideline recommendations is of special interest. The national treatment 
guideline recommends the use of the Marburger Herz Score and the pre-test probability for a 
stenosing coronary heart disease based on age, gender and the quality of chest pain to determine 
the further course of action (14, 15). Because some of the required clinical information, such as 
the quality of chest pain and other criteria for assessing stenosing coronary heart disease as the 
cause of chest pain, are not captured within the GKV routine data, the doctor’s risk assessment 
cannot be mapped. However, the indication determined by the doctor in the treatment case of the 
procedure is captured in ICD-10 coding. This allowed an interesting insight into the indication 
assessment at a population level and a study of the regional variation in the rates of coronary 
angiography. As described earlier, the appropriateness criteria and evidence and in medical 
guidelines offer room for discretionary judgement according to the indication for the coronary an-
giography. In cases where symptoms suggest myocardial infarction (or acute coronary syn-
drome), the benefits of percutaneous coronary intervention are firmly established (22, 23). In the 
case of stable coronary heart disease, the decision is not so unequivocal (24, 25). The use of 
elective coronary angiography in these non-acute situations can be classified as preference sen-
sitive as alternative options are available, and the treatment decision requires a risk-benefit as-
sessment. Coronary angiographies carried out on in hospital (inpatient or outpatient) or in an 
office-based practice in 2016 and were identified by the procedure code and the coronary angi-
ography cases were classified according to the relating diagnoses. This allowed the comparison 
of the coronary angiography rates in situations where there is greater uncertainty (cases without 
myocardial infarction) as opposed to the effective care situation (case with myocardial infarction), 
where the decisions undergo coronary angiography are guided by a strong evidence base (1). In 
a sensitivity analysis, coronary angiography rates of cases with acute coronary syndrome and 
cases without acute coronary syndrome and cases treated for stable coronary heart disease or 
chest pain were inspected. (1). The GKV routine data set was supplemented with data from other 
sources including additional GKV routine data, information regarding the regional social depriva-
tion (26) and data  detailing hospitals with cardiac catheterization facilities in the districts (27). 



2 Introductory summary 13 

The geographical allocation was derived from the district of residence of the insured. The degree 
of variation was assessed using systematic component of variation (SCV) and the coefficient of 
variation (COV)  (28). The association between the rate of coronary angiography in the 401 ad-
ministrative districts and the regional demographic risk structure, the diagnosed coronary heart 
disease prevalence, the social deprivation and the availability of cardiac catheterization facilities 
was investigated in spatial‐autoregressive error models (29) and spatial cross-regressive model 
with autoregressive errors (1). 

2.3.1.2 Guideline-recommended drug therapy before percutaneous coronary 
intervention (Paper 2)  

A second topic of interest in the context of catheterization, specifically percutaneous coronary 
intervention, is the treatment course before the revascularization procedure. Next to measures 
aimed at lifestyle-modification, drug therapy is recommended as the initial treatment approach in 
the management of patients with stable coronary heart disease, with revascularization procedures 
are reserved for patients with persistent symptoms despite optimal medical therapy (13-15, 30-
32). The active ingredients of the drugs were determined using the ATC classification and the 
classes of substances were grouped as preferred or alternative options and as aimed of improving 
the prognosis of the patient (optimal medical therapy) or targeted at relieving the patient’s symp-
toms (symptom-oriented therapy), in accordance with the guideline recommendations (2). Pa-
tients were classified as users of optimal medical therapy if, within twelve month before percuta-
neous coronary intervention, they had received at least one prescription of a drug aimed at low-
ering lipid levels and at least one prescription to relieve symptoms (2). Because relieving patients 
of chest pain plays a vital role in the management of stable angina pectoris, in particular in cases 
where revascularization is considered as a subsequent treatment, the prescription of medication 
to alleviate symptoms was assessed alone in an additional analysis. In this analysis of symptom-
oriented therapy, special attention was paid to whether the conservative treatment options with 
drug therapy had been exhausted prior to percutaneous coronary intervention. Patients were con-
sidered users if, they had obtained  prescriptions for at least two different drug classes of symp-
tom-oriented therapy within twelve months prior to the procedure (2). The study population in 
Paper 2 (2) included patients who had received percutaneous coronary intervention in 2016 in 
hospital (inpatient or outpatient) or in an office-based practice. The main analysis included pa-
tients treated for stable angina pectoris, chronic ischaemic heart disease or chest pain at the time 
of the procedure and who had obtained a diagnosis of coronary heart disease during the obser-
vation period from 2014 to the billing quarter prior to the procedure in 2016 (2). Patients without 
a confirmed diagnosis of coronary heart disease and patients treated for unstable angina pectoris 
were examined in sensitivity analyses (2). The geographical assignment to the 401 districts was 
based on the place of residence of the insured. The GKV routine data set was supplemented with 
regional data on the density of general practitioners and specialists in internal medicine and the 
average number of cases treated by these physician groups (33, 34). The influence of individual 
demographic and clinical characteristics on prescription prevalence was assessed in a logistic 
regression model. Lastly, within a multi-level model, variation at the level of the administrative 
districts in Germany was assessed and the influence of features of local health care supply was 
examined (2).  
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2.4 Summary of results and scientific contribution  

2.4.1 Paper 1  

Overall, a wide variation was found in the regional rates of coronary angiography. The results of 
the study supported the hypothesis that the regional variation and the association of supply and 
need with the rate differ depending on the indication for the procedure. In the acute situation, the 
benefits of coronary angiography are firmly established; therefore, the variation in the rates ob-
served among the 401 districts is comparatively low in this group. In cases with myocardial in-
farction the rate varies by 3.53-fold and the measured variation in the rate of coronary angi-
ography cases with myocardial infarction is small with a COV blow 20  and SCV equal to 3.37 (1). 
In contrast, the rate of cases without myocardial infarction varies by 7.78-fold and the observed 
variation shows a SCV greater than 8 and a COV greater than 28, indicating high variation (1). 
The results are affirmed in the sensitivity analysis focusing on acute coronary syndrome, with the 
exhibited variation between the two subgroups appearing to be less pronounced. The highest 
variation was observed in the cases treated for stable coronary heart disease or chest pain (1). 
Spatial analysis by subgroup suggests a positive association between regional availability of car-
diac catheterization facilities and the coronary angiography rates of non-acute cases after adjust-
ing for the observed morbidity, whereas no such association was seen in the acute situation (1). 
The addition of one hospital with a catheterization facility (per 10,000) is estimated to correspond 
to approximately 40 additional coronary angiography cases without myocardial infarction (per 
10,000 population), amounting to an 43–50% increase in the rate (1). The estimate of diagnosed 
coronary heart disease prevalence shows a pronounced positive association with the overall rate 
and all subgroups considered in the analysis. The deprivation index showed no discernible asso-
ciation with the overall coronary angiography rate or the rate of cases without myocardial infarc-
tion. On the contrary, it shows a significant positive association with the coronary angiography 
rate in cases with myocardial infarction (1). The sensitivity analysis showed similar results. 

2.4.2 Paper 2  

The analysis (2) showed that in patients with stable coronary heart disease drug therapy options 
before percutaneous coronary intervention are not entirely exhausted and that there are consid-
erable differences in the prescription of drug therapy recommended by the guidelines in routine 
practice in Germany. The criterion of optimal medical therapy was met in 69% of patients in the 
year before the procedure. A quarter of the patients received only one of the recommended ther-
apies considered. 6% of the patients in the sample obtained no prescription of optimal medical 
therapy (2). Patients with a history of myocardial infarction, previous revascularization, a disorder 
of the lipid metabolism, heart failure, diabetes mellitus, hypertension, or peripheral artery disease 
had higher odds of obtaining the optimal medical therapy (2). Above average age and a depres-
sion or dementia diagnosis were associated with odds of obtaining an optimal medical therapy 
prescription (2). Enrolment in a disease management programme (DMP) for coronary heart dis-
ease and more frequent visits to the general practitioner or primary care internist were associated 
with higher odds of being prescribed optimal medical therapy (2). At the regional level, the varia-
bles included in the model indicated no discernible influence (2). 

87% of patients obtained at least one symptom-oriented therapy, and of these 44% received at 
least two symptom-oriented medications (2). Female gender, above average age,  prior myocar-
dial infarction and diagnosed comorbidities were associated with increased odds of obtaining a 
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prescription for symptom-oriented therapy within the year preceding the percutaneous coronary 
intervention (2). Patients enrolled in a DMP, those who made frequent contacts to the general 
practitioner or primary care internist and those, who had additional visits to a cardiologist had 
higher odds of receiving symptom-oriented therapy in comparison to patients who used fewer 
health care services (2). The variables for regional health care supply considered in the analysis 
showed no associations. Nevertheless, patients in eastern German districts had higher odds of 
receiving a prescription for symptom-oriented therapy after controlling for individual characteris-
tics (2).  

2.5 Strength and limitations  
One of the great strengths of the analyses presented in the project is the foundation on a com-
prehensive nationwide data set from statutory health insurers, who cover a population of approx-
imately 42.5 million insured individuals. Owing to its special characteristics, working with GKV 
routine data offers both opportunities and challenges. The data can map the health care use of 
insured people across sectors and over time. Because of their breadth, the data allow regional 
analysis, which provides a nationwide picture of the provision of health services in Germany. In 
contrast to data collected primarily, distortions resulting from recall bias or non-response are not 
to be expected. The data comprise largely unselected populations, and the number of people at 
risk is known, which allows frequency and rate estimates to be made. The insured in the samples 
were allocated to the geographical location according to the district of residence, as opposed to 
the location where the procedure was performed (1, 2). The advantage of this type of allocation 
is that it avoided distorting the results to the detriment of large centres or cities and that it allows 
a linkage with the examined influencing factors measured at the place of residence. 

However, there are a number of important limitations concerning the GKV routine data. The data 
do not hold information on symptoms, clinical data, or the results of non-invasive testing, nor do 
they include information on a patient’s lifestyle. Linkage to such data would be a valuable addition 
in future investigations. Because this information is not available, the doctor’s risk assessment 
cannot be reconstructed in detail based on the data. In the individual case, it is therefore impos-
sible to determine whether the indication for coronary angiography and subsequent revasculari-
zation reflects actual need. Guidelines provide scope for decision-making, and therefore the ap-
plication of guideline recommendations must be checked in each individual case. Nonetheless, it 
can be assumed that an exceptional course of disease progression occurs on a relatively small 
scale and not at the nationwide population perspective on which the two analyses are based. The 
regional utilisation of non-invasive diagnostics prior to coronary angiography was not included in 
the analysis in Paper 1, because some  measures could not be depicted reliably in the GKV 
routine data (1). For this reason, it was not possible to assess to what extent deviations in adher-
ing to the guidelines with regard to non-invasive diagnostics are associated with the regional var-
iation in coronary angiography rates (1). Lastly, services that are not relevant to billing are not 
coded in the GKV routine data. For example, in some cases, cardiac magnetic resonance imaging 
(MRI) or cardiac computed tomography (CT) may be carried out instead of coronary angiography 
(1). In contrast to coronary angiography, cardiac MRI and CT are not regularly reimbursed in 
Germany. In the German health care system, self-payments are the exception. Overall user 
charges and out-of-pocket spending account for a comparatively low share of health expenditure 
(35). Based on these circumstances, we assume that the services play a negligible role and 
should therefore have little influence on the findings of the analysis.  
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The situation differs in the case of over the counter use of ASA in Paper 2, which cannot be ruled 
out, so it is expected that the prescription prevalence is underestimated in the analysis in Paper 
2 (36). There are some other notable limitations with regard to the prescription billing data and 
the analysis (2). The data set does not included drugs that are administered or prescribed  in 
hospitals (18), possibly underestimating the prescription prevalence. Since the prescription data 
is forwarded from the pharmacies to the health insurance companies for billing purposes, a pre-
scription was only recorded if it was redeemed. Therefore, low prescribing can be attributed to 
either poor application of guideline recommendations by providers or treatment discontinuation 
or poor adherence of the patient (2). Some of the examined drug therapies are not disease spe-
cific, and physicians may have prescribed them aimed at patients' comorbidities, leading to an 
overestimation of the prescriptions  that can be attributed to the diagnosis of coronary heart dis-
ease (2). In addition, the analysis does not take any intolerances or contraindications into account. 
Although guideline recommend alternatives are considered in the analysis, it cannot be ruled out 
that in certain situations both were contraindicated. The multi-level model is not taking the supply 
of health services in neighbouring districts into account. Hence the analysis only permits the ap-
praisal of the impact of care in a residential district of the patient (2). Another limitation that applies 
to both analyses (1, 2) is the possible influence of the physicians´ coding behaviour on the docu-
mentation of the diagnoses in the GKV routine data. Regional or subject-specific heterogeneity in 
the documentation, may cause a misclassification of patients based on the diagnosis in the sub-
groups considered or in the study sample.  

One major challenge in both analyses (1, 2) in the PhD project was the selection of covariates. In 
Paper 2 (2), the focus was not on a predefined variable. Instead, the analyses examined the 
association of individual and regional factors that may have an influence on the prescription of 
optimal medical therapy and symptom-oriented therapy. Therefore, the selection relied on the 
existing literature to identify potentially relevant predictors of guideline-recommended drug ther-
apy. The selection is described in detail in the supplement to the publication. In Paper 1 (1), the 
aim was to investigate the effect of a specific predefined variable, namely the regional supply of 
catheterization facilities. Because such data are not readily available, the information was ob-
tained from the quality reports of the hospitals (27). It has to be noted, that no information regard-
ing office-based facilities, apart from the ones documented as working in collaboration with a 
hospital are listed in the reports.  

The findings in Paper 1 (1) suggest a notable association between the supply of catheterization 
facilities in hospitals and the coronary angiography rates. Despite this, the finding does not offer 
evidence for supply-induced demand. This is due to the fact that, the direction of causality cannot 
be established using regional data. The supply cannot only influence the use of coronary angi-
ography, but more coronary heart disease patients in one region may attract service providers, 
as there is a greater need. If supply assumed to be endogenous, then the estimates of the impact 
supply on the coronary angiography rates will be biased by any residual differences in morbidity 
remaining after the adjustment. The problem statement was reproduced using directed acyclic 
graphs (DAGs) (37), and the possibility of an estimation by means of an instrumental variable 
was examined. However, unlike in the case of studies of supply of ambulatory services where this 
problem has been addressed by instrumental variables (38, 39), we found no instrument to re-
solve the issue. Therefore, the analysis can only provide informed correlations. A possible objec-
tion to the presumption of endogeneity is that, there is no apparent association between the esti-
mated diagnosed coronary heart disease prevalence and the regional supply. Furthermore, the 
rate of non-acute cases showed a positive association with supply, but no such relationship was 
observed with the coronary angiography rate of acute cases. If the association between supply 
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and the rate of coronary angiography is indeed affected by the residual morbidity differences 
influencing the supply capacity, there is no explanation why this association was not observed in 
the acute cases. In contrast, the rate of cases with myocardial infarction indicated a positive as-
sociation with the GISD, possibly reflecting the residual morbidity (1). Nonetheless, caution is 
advised when interpreting the relationship. 

2.6 Conclusion and outlook 
This project adds to the evidence base by portraying the use of selected health services in ac-
cordance with guideline recommendations for coronary heart disease and by investigating re-
gional practice variation in Germany based on nationwide GKV routine data. First, the extent to 
which selected recommendations of the guidelines can be examined using GKV routine data was 
assessed. Second, it was assessed whether the German clinical practice mirrors selected guide-
line recommendations in regional analyses. Lastly, it was assessed whether there are indications 
that the recommendations are adhered to in varying degrees and if these differences are associ-
ated with various characteristics including the regional health care supply. In doing so, regional 
differences and considerable variation in health care service utilization became apparent.  

Paper 1 (1) highlighted substantial regional variation in the use of coronary angiography between 
the 401 districts. The findings in Paper 1 (1) substantiated the assumption that situations with 
lesser certainty about the evidence for a particular treatment are accompanied by greater varia-
tion in its use. The results in Paper 1 (1)  showed that the degree of variation and the association 
of the rate with supply and need differed considerably between the acute and non-acute cases. 
The comparison of the subgroups suggested that regional variation in the rate of coronary angio-
graphies in the acute group are associated with need factors, while in non-acute situation, the 
coronary angiography rate also showed a positive association with supply. Furthermore, an as-
sociation between rates of coronary angiographies and deprivation was found in acute groups, 
but not in the non-acute cases.  

Paper 2 (2) provided a picture of guideline recommended drug therapy prior to percutaneous 
coronary intervention among patients with stable coronary heart disease while accounting for in-
dividual patient  characteristics and the regional health care supply. The analysis showed consid-
erable variation in the prescription of optimal medical therapy among patients with stable coronary 
heart disease and that the conservative therapy was not exhausted prior to revascularization. 
Paper 2 (2) showed that patients who received the guideline-recommended drug therapies had 
more comorbidities and risk factors and used a higher volume of health services. The analysis of 
the prescription prevalence in eastern and western German districts revealed a notably higher 
prevalence in the eastern districts. These differences could result from several reasons, such as 
different patient or provider preferences, different drug budgets, differences in the market pene-
tration of medications or they might reflect preferences differences in the use of percutaneous 
coronary intervention. 

Lastly, the analyses presented here shed further light on methodological challenges in the anal-
ysis of guideline-recommended care based on GKV routine data. The advantages and methodo-
logical challenges such as study design, data preparation, supplementation, analysis, and possi-
bility to depict of recommendations in the coronary heart disease care guidelines were discussed. 
The possibility of regional evaluation and analysis of the care situation of different patient groups 
was also examined as part of the PhD project. Owing to their cross-sectoral information and the 
national scope, these data are very well suited for analyses of the broad reality of care. The 
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analysis therefore not only allows an assessment of the routine health care of patients with coro-
nary heart disease in Germany, but also allows the results to be viewed in the international con-
text. Drug prescription data in particular are well suited for analysis purposes because they con-
tain a lot of detailed and date-specific information. This also applies to procedures in the inpatient 
and outpatient hospital sector and, to a lesser extent, for those performed in outpatient medical 
practices. The analyses also demonstrate how GKV routine data can be supplemented with data 
from other sources. There is a further need for research in the methodological standardization of 
health services research with GKV routine data. Also, enhancing the GKV routine data through 
linkage with other primary and secondary data can counteract the described limitations. The link-
age of GKV routine data to primarily collected data of clinical parameters, diagnostic results, out-
comes, or patient preferences could add to the informative value of the analyses and would make 
it possible to represent the patient's perspective. Also, the application of combinations of quanti-
tative and qualitative research methods could further enhance such analyses.  

Health services research in the context of medical guidelines is increasing transparency in the 
health care system. Providing such information may reduce the asymmetric distribution of infor-
mation among all players in the health care system. Stakeholders can use this information about 
the real care situation to make recommendations for action, allocation decisions and to develop 
targeted measures. GKV routine data represent a valuable data basis for increasing transparency 
and quality in the health care system, as they can depict the care process realistically, across 
sectors and along the patient path. The findings of this PhD project offer insight into the provision 
of health services and suggest that there may be opportunities to improve the care of patients 
with stable coronary heart disease in Germany. These results can be used to formulate hypothe-
ses on the topic, inform international comparisons and can provide a platform for targeted regional 
health services research. In view of the constantly evolving field of research, the present PhD 
project only provides a snapshot regarding the possibilities of research considering guideline-
recommended care based on GKV routine data.  
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Abstract 

Background:  Coronary angiographies (CAs) are among the most common diagnostic procedures carried out in 
German hospitals, and substantial regional differences in their frequency of use have been documented. Given the 
heterogeneity with regard to the expected benefits and the varying scope for discretion depending on the indication 
for the procedure, we hypothesized that the observed variation and the association of need and supply factors differs 
by indication for CA.

Methods:  We investigated the correlation between supply factors and the regional rates of CAs in Germany while 
controlling for need using spatial‐autoregressive error models (SARE) and spatial cross-regressive models with autore‑
gressive errors (SCRARE). The overall rates of CAs and the rates in specific patient subgroups, namely, patients with 
and without myocardial infarction (MI), were calculated based on a comprehensive set of nationwide routine data 
from three statutory health insurances at the district level.

Results:  Although little variation was found in cases with MI, considerable variation was seen in the overall cases and 
cases without MI. The SARE models revealed a positive association between the number of hospitals with a cardiac 
catheterization laboratory per 10,000 population and the rates of overall cases and cases without MI, whereas no such 
relationship existed in cases with MI. Additionally, an association between regional deprivation and the rates of CAs 
was found in cases with MI, but no such association was seen in cases without MI.

Conclusions:  The results supported the hypothesis that the relative association of need and supply factors differed 
by the indication for CA. Although the regional differences in the frequency of use of CAs can only be explained in 
part by the factors examined in our study, it offers insight into patient access to and the provision of CA services and 
can provide a platform for further local research.

Keywords:  Coronary heart disease, Coronary angiography, Clinical practice variation, Indication, Regional analysis
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Introduction
Coronary angiography (CA) is an invasive diagnostic 
procedure that aids in making the decision between con-
servative treatment only or a revascularization proce-
dure, namely, percutaneous coronary intervention (PCI) 
or bypass surgery (CABG). Current guidelines emphasize 
the role of CA in preparing for treatment while limiting 
purely diagnostic indications [1–4]. Regional variation 
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in the utilization of CA and PCI has been documented 
across different countries and health systems [5–14]. CAs 
and PCIs are among the most common diagnostic proce-
dures carried out in German hospitals [15], and the rates 
of these procedures in Germany have been deemed to 
be rather high in comparison with those documented in 
other European health systems [16]. In addition, substan-
tial regional differences in the frequency of use of CAs 
and PCIs have been documented in Germany [17, 18]. It 
has therefore been discussed repeatedly whether these 
findings truly reflect differences in medical need [16–18].

Some regions, for example, may exhibit higher rates 
of CAs because of greater demand in these localities. 
Demand, in the broadest sense, reflects the patient-
related factors that influence the actual or perceived need 
for a procedure. These factors include the incidence of a 
treatable disease, the rate at which the disease is detected 
prior to the procedure and the willingness of patients to 
undergo the procedure [19]. However, it may be the case 
that factors other than patients’ needs or preferences are 
driving treatment decisions, particularly when the pro-
cedure in question leaves room for discretion. Piedmont 
et  al. [18] found an almost linear association between 
the regional rate of CAs in the districts of the German 
federal state of Saxony-Anhalt and the number of cases 
without therapeutic consequences. The authors noted 
that they were unable to satisfactorily assess the influence 
of regional supply structures on the frequency of use, but 
they pointed out that the wide range in the proportion 
of procedures without therapeutic consequences indi-
cates an influence of supply-related factors. The number 
of catheterization facilities in Germany has increased in 
recent years, and needs-based large equipment planning 
in hospitals (§ 122 SGB V) was once envisaged but was 
cancelled without replacement in 1997 [20].

Wennberg et al. [21] suggested a relationship between 
the availability and quality of evidence to support a par-
ticular intervention and the variation in its use. When 
there is greater uncertainty about the evidence base for 
a procedure, there is more likely to be variation. The 
authors distinguished among three categories of care. 
Effective care comprises services that are supported by a 
well-established evidence base for their efficacy. Prefer-
ence-sensitive care includes services where at least two 
valid alternative strategies for action are available, and 
the decision involves a trade-off because the risks and 
benefits of the options differ. Supply-sensitive care occurs 
primarily when there is a broad scope for decision-mak-
ing due to a lack of evidence and guidelines to inform 
best practice or greater medical uncertainty [21, 22]. 
CAs and PCIs are ideal for the study of medical practice 
variations because they exhibit considerable heterogene-
ity with regard to their benefits across different patient 

groups, and the evidence and appropriateness criteria 
provide considerable opportunity for discretionary judg-
ment depending on the indication for the procedure. 
For patients presenting with symptoms of acute coro-
nary syndrome (ACS) or myocardial infarction (MI), the 
benefits of PCI are well established [23, 24]. In patients 
with chronically stable coronary heart disease (CHD), 
the decision is much less clear-cut [25, 26]. In these non-
acute situations, the use of elective CA and PCI is pref-
erence sensitive because alternative treatment strategies 
exist, and the decision to undergo the procedure involves 
a trade-off between the risks and benefits. Owing to the 
broader scope for decision-making and the accompany-
ing uncertainty in these circumstances, the available sup-
ply capacity may exert an influence on utilization.

Given the differences, we hypothesized that the 
observed variation and the possible association of need 
and supply factors differ by indication for CA. We there-
fore aimed to investigate regional variation in the rates 
of CAs and the correlation between supply factors and 
the regional rates of the procedure in patients with and 
without MI in Germany while controlling for the actual 
need. To this end, the overall rates of CAs and the rates 
in specific patient subgroups were calculated based on a 
unique, comprehensive set of nationwide regional rou-
tine data from statutory health insurances. Regional 
differences in the observed rates were scrutinized in 
small-area analyses at the district level with empirical 
Bayes (EB) smoothing to account for variance instability 
resulting from the differing sample sizes.

Methods
Data and study population
The analysis was based on a comprehensive set of linked 
nationwide billing data from three statutory health insur-
ances for the years 2014 to 2016, which equated to a 
total insured population of almost 42 million. The sam-
ple cohort included patients who were aged 18 years or 
older and who underwent CA in 2016 in the hospital 
on an inpatient or outpatient basis (OPS 1–275.0 up to 
1–275.5). In addition, because not only hospitals play 
a role in the provision of the procedure in Germany, 
patients who underwent CA in an office-based practice 
(EBM 34291) were also included in the sample. Further-
more, to be considered, patients needed to be insured for 
at least 360 days. Patients with a shorter insurance period 
were only considered for the analysis if the reduction in 
the duration of insurance occurred because the patients 
died at the time of the CA procedure or after. Insured 
individuals who switched their insurance between 2014 
and 2016 and patients without details of their place of 
residence or those with implausible information were 
excluded from the analysis. We carried out the analysis 
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at the billing case level. If a patient had multiple recorded 
procedures within a billing case, they were only counted 
once. Several treatment cases per patient on the same day 
of treatment were also considered as one case.

Patient subgroups by indication
The patient subgroups by indication for CA were deter-
mined by means of the main inpatient diagnosis, an 
outpatient hospital diagnosis or a secured office-based 
diagnosis in the treatment case of the CA. In the main 
analysis, we present the overall rates of CAs, the rates 
of cases with MI (ICD-10: I21.* or I22.*) and the rates 
of cases without MI. This allowed for comparison of the 
rates in a situation of effective care (MI) in which a strong 
evidence base for efficacy guides the treatment decisions, 
as opposed to situations where greater uncertainty is pre-
sent (cases without MI). To assess the plausibility of the 
results, in a sensitivity analysis, we extended the defini-
tion of an acute indication to ACS (ICD-10: I21.*, I22.*, 
I20.0 or I20.1). Again, the rates of cases without ACS and 
the rates of cases with ACS were examined. Last, cases 
who were treated for stable CHD or chest pain (CP) 
(ICD-10: I20.8, I20.9, I25.0, I25.1, I25.5, I25.8, I25.9 or 
R07.*) were included in the sensitivity analysis.

Geographical assignment
The insured patients in the study sample were assigned 
to a geographical location based on their district of resi-
dence, not the treatment locations. In Germany, a dis-
trict is an administrative unit between federal states and 
the local municipal levels. The advantage of this alloca-
tion was that a distortion of the results to the detriment 
of the independent cities was prevented, and the factors 
considered in our analysis were measured at the place of 
residence. The spatial allocation was based on the official 
district key (area status on 31st of December 2016), tak-
ing into account the territorial reform in Lower Saxony 
on 1st of November 2016. We used the information avail-
able at the time of the first procedure in 2016; if the infor-
mation was missing, the last available information on the 
patient’s place of residence was considered.

Rates, standardization and assessment of variation
The rates were calculated using the total insured popu-
lations of the three statutory health insurances as the 
denominator. To address the variance instability result-
ing from the differences in population size, we applied 
EB smoothing [27]. We calculated the rates per 10,000 
population standardized for differences in age and sex 
by means of the direct and indirect method based on 
the reference population for Germany as of the report-
ing date 31.12.2015. We measured the relative degree of 
variation using the coefficient of variation (COV) and the 

systematic component of variation (SCV) [28]. In gen-
eral, SCV values above 5 are indicative of high variation, 
whereas SCV values above 10 point toward very high 
variation [19].

Empirical model
Dependent variable
We use the crude unadjusted CA rate as the dependent 
variable in the empirical model because the use of stand-
ardized rates as the outcome may lead to biased esti-
mates when the relationship between the standardization 
parameters, in this case age and sex, and other explana-
tory variables is not taken into account [29, 30].

Independent variables
To incorporate the demographic risk structure of the 
regional population in each district, we included the pro-
portion of residents in each age-sex group in our model. 
Because there were 12 age-sex groups, 11 independ-
ent variables were used in the regression model, and the 
age-sex group ‘females under the age of 40  years’ con-
stituted the reference group. The actual occurrence of 
treatable disease and the rate at which it was detected 
was unknown, but it could be approximated in the rou-
tine data through the diagnosed prevalence of CHD in 
the districts. We estimated the diagnosed CHD preva-
lence in the routine data as the proportion of individuals 
in the total sample of insured with a confirmed diagnosis 
of CHD (ICD-10: I20–I25, an inpatient primary or a sec-
ondary diagnosis or a confirmed office-based diagnosis 
in at least two quarters) during 2016. In addition, diag-
nosed risk factors, namely, type II diabetes and hyperten-
sion, were considered as variables. However, the variables 
showed a high correlation with the estimated diagnosed 
CHD prevalence; they were not included in the model to 
avoid problems associated with multicollinearity. Other 
risk factors related to lifestyle, such as smoking, can-
not be derived from routine data. However, it has been 
shown that these risk factors are highly correlated with 
deprivation at the district level. For this reason, the Ger-
man Index of Social Deprivation (GISD) 2012, which has 
been validated in patient groups with CHD, was incor-
porated as an additional factor to mediate the residual 
morbidity risks that remained after accounting for the 
disease prevalence [31]. In addition, it must be noted that 
the perceived need and preference of the patients could 
not be estimated. However, these factors were modeled 
as unobserved heterogeneity. To assess the impact of 
regional health care supply, we included information on 
the availability of hospitals with cardiac catheterization 
laboratory facilities per 10,000 population in the model. 
This information was extracted from the hospitals’ qual-
ity reports [32]. The data did not contain information 
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on office-based facilities apart from those listed in the 
reports as working in collaboration with a hospital. 
Additionally, the number of catheterization laboratories 
within a given facility was unknown.

Spatial model
The estimation model was formulated as a generalized, 
spatial, two-stage, least square model with spatial‐autore-
gressive disturbances [33] based on the spatial models 
of Cliff and Ord (1973) [34]. We assumed that a spatial 
error model, as opposed to a spatial lag model, was suit-
able to describe the process underlying our data because 
we believe that it is unlikely that the error term is distrib-
uted independently across the districts. The spatial error 
model was consistent with the assumption that spatial 
correlation arises from the geographical concentration of 
unobservable factors, such as unmeasured health status, 
risk factors or patient preference, or in a situation where 
exogenous shocks in one district impinge on neighboring 
districts [35, 36]. We did not assume that the CA rate in 
one district was directly affected by the rate in another 
district and therefore discarded the spatial lag model. 
Regional spillover effects might be present if the use of 
health services was measured in the district of the ser-
vice provision. However, because we measured the rates 
at the patients’ places of residence and not the providers’ 
locations, such spillover should not be of relevance. Our 
estimation Model A was therefore simplified to a spa-
tial‐autoregressive error (SARE) model, in which only the 
error terms were spatially correlated [37]. The definition 
of the individual districts as the catchment area for the 
supply of medical services might be regarded as too small 
to accurately reflect the supply of CAs. Therefore, our 
estimation Model B was formulated as a spatial cross-
regressive model with autoregressive errors (SCRARE) 
[38], which included a spatial lag of the independent vari-
able measuring the availability of hospitals with cardiac 
catheterization laboratory facilities. This approach took 
into account that the supply in neighboring districts also 
affects the rates of CAs. To verify the theoretical con-
sideration and presence of spatial autocorrelation and 
to select the appropriate model for estimation, we esti-
mated ordinary least square (OLS) regression models 
and performed the Lagrange Multiplier test [39]. In both 
models, the weight matrix that reflected the relation-
ship between spatial units was a queen contiguity matrix, 
which defined neighbors as sharing a common edge or a 
common vertex [27]. To allow for a straightforward inter-
pretation of the model parameters, the spatial weighting 
matrix was normalized. Different normalization meth-
ods make different assumptions about the spatial inter-
dependence of observations. A row-standardized spatial 
weights matrix implies that every region is subject to the 

same total amount of influence from all other regions 
[40]. Unless this implicit assumption is clearly suggested 
by economic theory, row normalization should not be 
applied [41, 42]. Felder and Tauchmann [43] that it is 
debatable whether the assumption that spatial interde-
pendence is of equal relevance to all regions holds in the 
case of the German administrative districts because the 
districts, as spatial units, vary with respect to their inter-
linkage with the rest of the country and in terms of their 
remoteness. They proposed eigenvalue normalization 
[42], which allows for spatial dependence to be differently 
important across observations. In the present analysis, 
we applied both row- (Wr) and eigenvalue-normaliza-
tion (We) and contrasted the results obtained under the 
diverging assumptions. The analyses were performed in 
Stata SE16 and GeoDa.

Results
Study sample
The dataset comprised nationwide linked billing data 
from the statutory health insurers AOK, BARMER and 
Techniker Krankenkasse from approximately 42.5 mil-
lion individuals. In 2016, a total of 379,625 patients 
in the sample dataset underwent CA at least once. Of 
these patients, 269 (0.07%) were excluded because of 
incomplete or implausible information. For 584 patients 
(0.15%), information on the patients’ districts of resi-
dence was missing at the time of the first procedure in 
2016; the last available information was considered for 
the geographic assignment.

Frequency, characteristics and regional CA rates
In total, in 2016, 379,356 patients in our analysis sam-
ple had undergone CA at least once. Expressed as the 
number of cases (hospital or office-based practice vis-
its with at least one CA procedure), this amounted to 
425,163 procedures among 41,739,344 (1.02%) insured 
patients. Extrapolated to the total German population, 
this resulted in an absolute number of 753,135 patients 
who underwent CA at least once and 844,771 CA cases. 
Table 1 shows the frequencies of CA and revasculariza-
tion procedures (PCI or CABG) by health care sector 
and the subgroups by treatment diagnoses in the main 
analysis. The majority of CAs were carried out in a hos-
pital setting and in cases without MI. An intervention 
was performed in more than 40% of cases. Some 75,542 
(17.77%) cases were treated for MI, of which over 99% 
were treated in an inpatient hospital setting (see Addi-
tional file 1: Table A2 for the sensitivity analysis).

Table 2 summarizes the crude and adjusted CA rates 
and the measures of variation for the cases overall and 
the cases without MI and with MI. At the district level, 
the direct standardized rate (DSR) for the overall cases 
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ranged from 46.79 to 229.19, with a mean of 102.69 
cases per 10,000 population. The observed variation in 
the overall rate of CA cases showed a COV of over 25% 
and a SCV over 6, which suggests high variation. When 
looking at the subgroups by treatment diagnosis, the 
difference in the extent of variation at the level of the 
401 districts became apparent. The rate of cases with 
MI varied 3.53-fold, and the rate of those without MI 
varied 7.78-fold. The variation measured in the rate of 
CA cases with MI was relatively low (COV = 19.5 and
SCV = 3.37) in comparison with that of the cases with-
out MI (COV = 28.68 and SCV = 8.26). The findings for
MI were confirmed by the sensitivity analysis consid-
ering cases with and without ACS, with the observed 
difference in variation between the two groups being 

less pronounced, and the measures of variation showed 
the highest values in cases with stable CHD or CP (see 
Additional file 1: Table A3).

Figure  1 depicts the distribution of the CA rates of 
cases overall and cases with and without MI expressed as 
the ratio of rates (RR) to the respective national average 
across the districts of Germany. The distribution of high 
rates in overall cases showed a similar pattern compared 
with cases without MI, whereas cases with MI showed a 
different pattern. The maps also showed the wider distri-
bution of the overall cases and the cases without MI in 
comparison with cases with MI. This is also illustrated in 
Fig. 2, which depicts the DSR for the three groups in the 
401 districts per 10,000 population (see Additional file 1: 
Figure A1 for the DSR maps).

Model results
The Lagrange Multiplier test verified the theoretical 
consideration regarding the model specification. Table 3 
shows the regression results of Model A (SARE) and 
Model B (SCRARE) with the two specifications of the 
weight matrix, Wr and We. ρ, the estimated value of the 
spatial autocorrelation parameter, was positive and sig-
nificant in all models, indicating moderate spatial autore-
gressive dependence in the error term. In other words, 
an exogenous shock to one district would cause moder-
ate changes in the CA rate in the neighboring districts. 
The differences between both models and the matrix 
specifications were rather small. The specification of the 
weight matrix by means of eigenvalue-normalization 
(We) showed a higher Peusdo-R2 value compared with 
the row-normalization (Wr), signaling a slightly superior 
model fit. Estimation Model B, which included a spatial 
lag of the independent variable measuring the availability 
of hospitals with cardiac catheterization laboratory facili-
ties, yielded similar direct effects in all patient subgroups. 

Table 1  Frequency and characteristics of cardiac catheterization by treatment setting

CA, coronary angiography; CABG, coronary artery bypass graft; MI, myocardial infarction; PCI, percutaneous coronary intervention

*In the same treatment case

**Inpatient main hospital diagnosis, outpatient hospital diagnosis, confirmed ambulatory diagnosis in treatment case

Hospital Office-based practice

Inpatient hospital Outpatient hospital

Cases n (column %) N (row %)

CA 425,163 369,882 (87.00%) 19,317 (4.54%) 35,964 (8.46%)

PCI* 168,418 (39.61%) 163,503 (97.08%) 118 (0.07%) 4797 (2.85%)

CABG* 4642 (1.09%) 4642 (100.00%) 0 (0.00%) 0 (0.00%)

Treatment diagnosis**

Cases with MI 75,542 (17.77%) 74,983 (99.26%) 62 (0.08%) 497 (0.66%)

Cases without MI 349,621 (82.23%) 294,899 (84.35%) 19,255 (5.51%) 35,467 (10.14%)

Table 2  Crude rate, direct standardized rate (DSR) and measures 
of variation

CA, coronary angiography; COV, coefficient of variation; DSR, direct standardized 
rate; MI, myocardial infarction; SCV, systematic component of variation; SD, 
standard deviation

Cases Cases without MI Cases with MI

Crude data

Number of CAs 425,163 349,621 75,542

Crude rate per 
10,000 popula‑
tion

101.86 83.76 18.10

Age-sex DSR in 401 districts per 10,000 population

Median 101.67 82.82 17.41

Mean (SD) 102.69 (25.98) 84.32 (24.18) 17.61 (3.44)

Min 46.79 27.08 9.58

Max 229.19 210.62 33.77

Measures of variation

COV 25.29 28.68 19.53

SCV 6.44 8.26 3.37
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The coefficients of the cross-regressive effect of the avail-
ability of hospitals with a cardiac catheterization labora-
tory (W × Cath labs) were all nonsignificant, except for
the CA rate of cases without ACS and cases with CHD 
and CP (see Additional file 1: Table A4). In terms of the 
explanatory power of the examined factors regarding the 
regional variations in the patient subgroups, both mod-
els and the weight matrix specifications arrived at similar 
conclusions. We therefore focused primarily on reporting 
the results of Model A because Model B, which included 
the spatial lag of the independent variable measuring 
the availability of hospitals with cardiac catheteriza-
tion laboratory facilities, did not add substantial further 
information.

With regard to Model A, the estimate of the prevalence 
of diagnosed CHD showed a strong positive associa-
tion with the rates of CAs in the overall rate and all the 
patient subgroups and appeared to be a good measure 
for adjusting for the morbidity differences among the dis-
tricts. An increase of 1% in the proportion of the popula-
tion with a confirmed diagnosis of CHD in a district led 
to an estimated 10.01 additional CAs per 10,000 popula-
tion (increase of approximately 10%) in the overall rate. 
The model showed a strong positive correlation between 
the number of hospitals with a cardiac catheterization 
laboratory per 10,000 population and the overall rate of 
CAs. One additional hospital with catheterization facili-
ties per 10,000 was estimated to equate to 41–46 addi-
tional cases per 10,000 population, which corresponds to 
a 38–43% increase in overall cases. In contrast, no asso-
ciation was found in cases treated for MI, whereas cases 
without MI showed a strong positive correlation between 
the number of hospitals with a cardiac catheterization 
laboratory per 10,000 population and the rate of CAs. 
One additional hospital with catheterization facilities per 
10,000 was estimated to equate to 38–43 additional cases 
without MI per 10,000 population, which amounts to a 
43–50% increase in the rate. Our sensitivity analysis with 
ACS and stable CHD or CP cases showed similar results 
(correlation in cases without ACS and in cases with CHD 
or CP; no correlation in cases with ACS; see Additional 
file 1: Table A4). The GISD exhibited no significant asso-
ciation with the overall CA rate or cases without MI. In 
contrast, it showed a positive significant correlation with 
the CA rate in cases treated for MI (and ACS, see Addi-
tional file 1: Table A4).

Fig. 1  Map of CA a cases overall, b cases without MI and c cases with MI. Ratio of rates (RR) for the respective national average, 2016, classification 
method: custom; number in brackets displays the number of districts belonging to each class. Source: own depiction

Fig. 2  Direct standardized CA rate per 10,000 population by 
treatment diagnosis, 2016. Each dot represents one of the 401 
districts
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In Model B, the coefficients of the cross-regressive 
effect of the availability of hospitals with a cardiac cath-
eterization laboratory (W × Cath labs) show no sig-
nificant association in the groups in the main analysis. 
However, the sensitivity analysis of cases without ACS 
in Model B showed a positive association between both 
the availability of hospitals with cardiac catheteriza-
tion laboratory facilities in the districts and the spatially 
lagged variable for both weight matrix specifications. 
This finding suggests that, next to the local influence of 
supply, the available capacity in neighboring districts also 
affected the rates of CAs in this subgroup. In cases with 
stable CHD and CP, Model B with the eigenvalue-nor-
malization weight matrix (We) indicated a positive asso-
ciation, whereas no significant association was found in 
the model with the row-normalized weight matrix (Wr) 
specification (see Additional file 1: Table A3).

Discussion
Examining the rates of CAs in Germany based on a com-
prehensive set of nationwide routine data from statu-
tory health insurances, we found substantial regional 
differences in utilization among the 401 districts. As we 
hypothesized, the observed variation differed among the 
subgroups based on the indication for treatment. In the 
case of MI (and ACS), the indication for CAs is unequiv-
ocal, and the benefits of intervention are well established. 
There is, consequently, comparably little variation in 
the observed rates of the procedure among the districts 
in these groups. In contrast, much higher variation was 
found in the cases without MI or ACS, and the highest 
variation was found in the rate of cases with stable CHD 
or CP.

In the spatial regression model that allowed for the 
spatial correlation of the error terms, we investigated 
the association of this variation in the rate among the 
districts and supply factors while controlling for need in 
a given locality. CHD morbidity showed a strong asso-
ciation with the regional rates of CAs in all the investi-
gated subgroups. In addition, an association between 
regional deprivation and the rates of CAs was found in 
the acute cases, but no such association was seen in the 
other groups. By using a nationwide dataset and add-
ing information extracted from the quality reports of 
the hospitals on the availability of hospitals with cardiac 
catheterization laboratory facilities per 10,000 popula-
tion in the model, we were able to investigate the asso-
ciation between the regional health care supply and 
regional CA rates. Our findings suggest that after adjust-
ing for the observable morbidity of the population, there 
was a positive correlation between the overall regional 
rates of CAs and the availability of hospitals with cath-
eterization facilities. The analysis by subgroups based 

on the treatment diagnosis revealed a positive associa-
tion between regional capacity and the rates of nona-
cute cases, whereas no such relationship was seen in the 
cases treated for MI (or ACS). The results supported the 
hypothesis that the association of need and supply factors 
differed by indication for CA, reflecting the differences 
with regard to the expected benefits and the uncertainty 
surrounding the treatment decision. In addition, the find-
ings from the SCRARE model suggested that an indirect 
effect through the supply of neighboring districts might 
be at play in the subgroups of cases excluding ACS and 
possibly those with stable CHD or CP.

Piedmont et al. [18] studied the rate of utilization and 
the therapeutic consequences of CAs in the districts of 
the federal state of Saxony-Anhalt, Germany, and found 
that the considerable variation could not be explained by 
demographic differences. They also found that an almost 
linear association was seen between the regional fre-
quency of CAs and the number of cases without thera-
peutic consequences within 12  months. The authors 
noted that they were unable to satisfactorily assess the 
influence of regional supply structures on the frequency 
of use because of a lack of data, but they pointed out that 
the wide range in the proportion of procedures without 
therapeutic consequences points toward an influence of 
supply-related factors. The relationship between the use 
of CA and regional capacity has been studied in the US 
[14]. The authors compared the association of per capita 
catheterization laboratories, per capita cardiologists and 
multi-provider markets with the utilization rates for CA 
in northern New England, USA. They found that vari-
ation in the use of the invasive cardiac procedure was 
strongly associated with the population-based availabil-
ity of catheterization facilities and multi-provider mar-
kets and was unrelated to the supply of cardiologists or 
need. Our analysis revealed a similar relationship for the 
overall rate in Germany. In addition, we found that the 
relative association of the supply and need factors varied 
depending on the patient subgroup.

There may be reasons beyond population morbid-
ity and supply that explain why the utilization of CA is 
higher in some districts than in others. For example, 
because the demand for the procedure is influenced by 
not only the actual need but also the perceived need, one 
explanation for the existing variations could be differ-
ences in patient preference. Patients sometimes appear to 
hold a more optimistic view of the marginal benefits of 
the treatment. For example, the COURAGE trials showed 
that for patients with stable angina, PCI provided no ben-
efit in terms of survival or major cardiovascular events, 
although it did reduce pain and improve functioning 
[44]. In a matched survey of patients and physicians in 
one teaching hospital published by Rothberg et  al. [45], 
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physicians understood this evidence from the COUR-
AGE trial; however, their patients falsely interpreted the 
results as a protective effect with regard to mortality and 
the risk of MI. Similarly, Kureshi et  al. [46] concluded 
that patients had a poor understanding of the benefits of 
elective PCI, with significant variation across sites after 
conducting interviews with 991 patients with stable CHD 
undergoing elective PCI in 10 US academic and com-
munity hospitals. They therefore recommended that the 
anticipated benefits should be explained and discussed in 
detail before performing PCI. However, it is unlikely that 
the large variation observed across regions can largely be 
explained by individual patient preferences; instead, the 
variation is likely to be a combination of patient and phy-
sician preferences for a procedure. This is not ‘supplier-
induced demand’ per se, but presumably, a patient forms 
beliefs of the expected marginal health benefit in part 
based on the expertise of their treating physician. Kureshi 
et al. [46] noted that wide variability existed in the ways 
in which hospitals obtained informed consent, and their 
findings suggested that hospital-level interventions in 
the structure and processes of obtaining informed con-
sent for PCI might improve patient comprehension and 
understanding. Herwig and Weltermann [47] aimed to 
investigate patient-driven factors promoting suspected 
overuse in exploratory qualitative interviews with 25 
patients suffering from CHD who had undergone at least 
one cardiac catheterization in two German teaching 
practices. The authors identified six patient factors that 
contributed to or prevented the use of catheterization: 
namely, the unquestioned acceptance of prescheduled 
appointments for procedures/convenience; disinterest 
in and/or lack of disease-specific knowledge; helpless-
ness in situations with varying opinions on the required 
care; fear of cardiac events; the patient–physician rela-
tionship; and a patient’s experience that repeat interven-
tions did not result in a change in health status or care. 
They concluded that most patients trusted their treating 
physicians’ recommendations for repeat CAs even if they 
were asymptomatic and that strategies to align physician 
adherence with guidelines and corresponding informa-
tion to improve patient comprehension and understand-
ing are needed.

Limitations
Our findings suggest a strong association between CA 
rates and the supply of hospitals with catheterization 
facilities. However, this result does not provide causal 
evidence for supply-induced demand because we can-
not establish the direction of causality based on regional 
data. Therefore, our regional analysis can only estab-
lish informed correlations. One reason for this could be 
that not only does supply influence the utilization of CA 

but also, conversely, more CHD patients in an area may 
attract more specialized physicians and facilities that can 
provide treatment in the region. If we presume supply to 
be endogenous, then any residual differences in regional 
health status that remain after adjustment for the observ-
able factors will bias estimates of the impact of the avail-
ability of cardiac catheterization laboratories on CA 
rates. One objection to the presumption of endogeneity 
due to CHD patients attracting more specialized physi-
cians is that there is no apparent association between the 
distribution of the regional supply and the estimate of the 
prevalence of diagnosed CHD. In addition, the overall 
rate and the rate of cases without MI (and without ACS 
and cases with stable CHD or CP) showed a positive 
association with the availability of hospitals with cath-
eterization facilities; no such relationship was seen in the 
rate of cases with MI (and ACS). If the observed relation-
ship between the rate of utilization and supply is indeed 
driven by the residual unobserved differences in CHD 
morbidity exerting an influence on regional capacity, 
there is no explanation as to why this association would 
not become apparent in the subgroups with MI (and with 
ACS). In contrast, the rate of cases with MI (and with 
ACS) showed a positive correlation with regional dep-
rivation, possibly capturing the residual morbidity risks 
related to lifestyle. Nonetheless, caution is advised with 
regard to the interpretation of the relationship.

There are some other important limitations of the 
study. Although the available data on hospitals with 
catheterization facilities allow an assessment of the asso-
ciation with supply, the data did not contain informa-
tion on office-based facilities, except for those listed in 
the reports as working in collaboration with a hospital. 
In addition, the number of catheterization laborato-
ries within a given facility, details on the equipment and 
occupancy and the travel distance to the facilities were 
unknown. Such information could enhance the analysis 
and possibly contribute to a better understanding of the 
variation in the rates in the districts.

Additionally, the routine data from the statutory health 
insurances did not contain clinical data or information 
on symptoms and the results of noninvasive testing prior 
to the procedure. Such information would be a valuable 
addition for further investigation. Additionally, regional 
differences in the coding practice of diagnoses may exist, 
which could exert an influence on the classification of the 
patient groups. In some cases, cardiac computed tomog-
raphy (CT) or cardiac magnetic resonance imaging (MRI) 
may be performed instead of invasive CA. However, 
unlike CA, cardiac CT and MRI are not yet part of the 
reimbursement catalog of services of the statutory health 
insurances in Germany and are not regularly reimbursed. 
Therefore, we assumed that these factors play a negligible 

28



Page 10 of 11Frank‑Tewaag et al. BMC Cardiovascular Disorders           (2022) 22:72 

role in the care of statutory health insurance patients and 
should have a very limited influence on the results of the 
study. Last, the local supply and use of noninvasive diag-
nostics before CA was not included as an observed vari-
able in this analysis because some of these services could 
not be reliably mapped in the routine data. Therefore, we 
were unable to assess whether, and to what extent, struc-
tural deficits or problems with guideline adherence with 
respect to noninvasive diagnosis are associated with the 
observed regional variation.

Conclusion
Our study highlighted large regional differences in the 
overall utilization of CA and different degrees of vari-
ation depending on the indication for the procedure. In 
addition, it demonstrated correlations between the over-
all rate and the regional health care supply while control-
ling for need in a given locality. Our findings for cases 
with and without MI suggested that, although regional 
differences in the rate of CAs in an acute situation are 
driven by need factors; in nonacute cases, supply factors 
also showed an association with utilization. Additionally, 
an association between regional deprivation and the rates 
of CAs was found in acute cases, but no such association 
was seen in the nonacute groups. Although our study 
can only establish informed correlations, it offers insight 
into patient access to and the provision of CA services, 
and can provide a platform for further local research to 
explain the mechanisms guiding regional variation in the 
use of CA in Germany.
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Appendix: Additional data and sensitivity analysis 

Main analysis 

Figure A1 - Map of CA rate for (a) cases overall and (b) cases without MI (c) cases with MI, 

2016; DSR, classification method: standard deviations; source: own depiction. 
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Sensitivity Analysis  

Table A2 - Frequency and characteristics of cardiac catheterization by treatment setting 

Total Hospital Office-based 
practice 

Inpatient hospital Outpatient 
hospital 

Cases n (column %) N (row %) 

CA 425,163 369,882 (87.00%) 19,317 (4.54%) 35,964 (8.46%) 
Treatment diagnosis* 
Cases with ACS 111,892 (26,31%) 109,884 (98.21%) 67 (0.60%) 1,338 (1.20%) 

Cases without ACS 313,271 (73,68%) 259,998 (82.99 %) 18,647 (5.95%) 34,626 (11.05%) 

Cases with stable CHD or 
CP 

167,696 (39,44%) 125,107 (74.60 %) 15,735 (9.38%) 26,854 (16.01%) 

*inpatient main hospital diagnosis, outpatient hospital diagnosis, confirmed ambulatory diagnosis in treatment
case
ACS: acute coronary syndrome, CA: coronary angiography, CHD: coronary heart disease, CP: chest pain

Table A3 - Crude rate, direct standardized rate (DSR) and measures of variation 

Cases without ACS Cases with ACS Cases with stable CHD 
or CP 

Crude data 

Number of CA 313,271 111,892 167,696 

Crude rate per 10,000 population 75.05 26.81 40.18 

Age-gender DSR in 401 districts per 10,000 population 
Median 74.15 25.78 39.65 

Mean (SD) 75.45 (22.41) 26.46 (6.44) 40.13 (13.28) 

Min 24.18 12.03 9.70 

Max 198.53 56.11 98.00 

Measures of variation 
COV 29.70 24.33 33.08 

SCV 8.85 5.64 10.64 

ACS: acute coronary syndrome, CA: coronary angiography, CHD: coronary heart disease, COV: coefficient of 
variation, CP: chest pain, DSR: direct standardized rate, SCV: systematic component of variation, SD: standard 
deviation 
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Figure A2 - Direct standardized CA rate per 10,000 population by treatment diagnosis, 2016. 

Each dot represents one of the 401 districts. 
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ABSTRACT
Objectives  To determine the prescription of guideline 
recommended drug therapy in patients with stable 
coronary heart disease (sCHD) prior to percutaneous 
coronary intervention (PCI) in Germany and to examine 
the role of patient characteristics and features of 
regional healthcare supply in a multilevel model.
Design  Secondary data analysis of factors associated 
with the prescription of guideline recommended drug 
therapy using a multilevel model to analyse regional-
level effects, over and above the effects of patient-level 
demographic and health status.
Setting  Office-based prescriptions in the year prior to the 
invasive procedure.
Participants  A linked nationwide dataset from Germany’s 
three largest statutory health insurance funds of all 
patients receiving PCI in the year 2016.
Main outcome measures  Patients’ odds of receiving 
optimal medical therapy and symptom-oriented therapy 
within 1 year prior to PCI.
Results  68.6% of patients received at least one lipid-
lowering drug and one symptom-oriented therapy prior 
to PCI. 43.6% received at least two agents to control 
their symptoms. Patients who received treatment in 
accordance with the recommendations had a greater 
number of diagnosed risk factors, a more severe 
history of cardiac disease and used a higher volume 
of ambulatory office-based physician services. The 
prescriptions prevalence for the symptom-oriented 
therapies differed significantly between eastern and 
western Germany, with a higher prevalence in the 
eastern districts.
Conclusions  Guidelines can only provide 
decision-making corridors, and the applicability of 
recommendations must always be assessed on a case 
by case basis. Nevertheless, our analysis indicates that 
the prevalence of prescriptions in routine practice is 
subject to substantial variation and that conservative 
therapy options are not fully exhausted prior to PCI. This 
suggests that there might be room for improvement in 
the care of patients with sCHD.

BACKGROUND
In addition to lifestyle-modifying measures, 
drug therapy has become the mainstay of 
treatment in patients with stable coronary 
heart disease (sCHD). Comprehensive meta-
analyses,1 2 the Clinical Outcomes Utilizing 
Revascularization and Aggressive Drug Eval-
uation (COURAGE) study3 and the recent 
landmark International Study of Compara-
tive Health Effectiveness with Medical and 
Invasive Approaches (ISCHEMIA) trial4 5 
provide strong evidence that coronary revas-
cularisation is not associated with an improve-
ment of the prognosis compared with optimal 
drug therapy in this patient group. Current 

Strengths and limitations of this study

►► We used a linked, comprehensive, nationwide data
set with patient-level information on prescriptions,
hospital and ambulatory care from the three largest
statutory health insurers in Germany, covering ap-
proximately 42.5 million individuals.

►► We examined the role of the health care supply and
regional characteristics, in addition to patient-level
demographic and health status variables, on the
prescription guideline recommended drug therapy.

►► The large number of patients examined in the analy-
sis allowed us to generate reliable estimates on the
regional level.

►► The prescription data do not include drugs pre-
scribed and administered in hospitals and of over-
to-counter drugs.

►► Because a prescription was recorded only in cas-
es where a patient redeemed it, a low prescription
prevalence may be due to poor implementation of
treatment recommendations on the part of providers 
or a lack of adherence or treatment discontinuation
on the part of patients.  on January 27, 2023 by guest. P
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clinical guidelines recommend drug therapy as the initial 
approach to managing patients with sCHD, with percuta-
neous coronary intervention (PCI) reserved for patients 
whose symptoms persist despite optimal medical therapy 
(OMT).6–8

The translation of these findings and recommenda-
tions into clinical practice, however, might be a subject 
for improvement. Studies in the USA9 and Canada10 
looked at large samples of patients with sCHD who under-
went elective PCI, and therefore, should generally have 
received drug therapy before this invasive intervention. 
They found, however, that the proportion of individuals 
in whom that had indeed been the case was disappoint-
ingly small. The authors of the Canadian study suggested 
several explanations for their findings, including an over-
estimation of the benefits of PCI among patients, the non-
universal acceptance by doctors of the results of recent 
trials, or knowledge gaps among clinicians regarding 
appropriate management of patients with sCHD.10 
According to a health technology assessment report by 
Gorenoi et al, about two-thirds of PCIs are unnecessary 
because the symptoms could also be managed in a conser-
vative manner using drug therapy.11 While there have 
been no equivalent studies of patients who underwent 
PCI in Germany, researchers have investigated the use of 
drug therapy after hospitalisation or after acute cardio-
vascular events12–17 and found that it has been subop-
timal in patient groups that would have benefited from it 
according to current treatment guidelines.

The aim of the present study is to contribute to this 
evidence base by drawing on a nationwide set of routine 
healthcare data to assess whether patients who under-
went PCI received guideline-recommended drug therapy 
during the year before they underwent the invasive proce-
dure. To do so, we obtained and linked nationwide data 
from three large statutory health insurers (SHIs). First, we 
examined whether clinical practice in Germany reflects 
the recommendations of the German and European 
guidelines among patients with sCHD and if there might 
be opportunities to improve their care. Subsequently, we 
estimated a multilevel model to examine the influence 
of patient characteristics, and the supply of healthcare 
services in different geographies, on the use of drug 
therapy because the literature suggests that both can play 
an important role in this regard.16 18–30

METHOD
Database
Our analysis was based on a set of linked billing data from 
the SHIs AOK, BARMER and Techniker Krankenkasse 
from the years 2014–2016. The dataset comprises patients 
who underwent PCI in 2016 as an inpatient, outpatient or 
in an office-based practice. We supplemented the dataset 
with the anatomical therapeutic chemistry (ATC) classifi-
cation by linking it to the WIdO database of pharmaceu-
tical products.31 Moreover, we added the characteristics 
of regional healthcare supply from the INKAR database32 

and the National Association of Statutory Health Insur-
ance Physicians (Kassenärztliche Bundesvereinigung, 
KBV).32 33

Patient population
We included patients in the study if they were 18 years of 
age or older and had received PCI in 2016 as an inpatient, 
an outpatient or in an office-based practice (EBM: 34292, 
OPS: 8–837). To limit the population to individuals with 
sCHD, our main analysis included only patients treated 
for chronic ischaemic heart disease (I25), stable angina 
pectoris (I20.8 and I20.9) or chest pain (R07) at the time 
of PCI. To avoid any impact from recent coronary events, 
we excluded all patients who had undergone PCI or coro-
nary artery bypass graft surgery (CABG) in 2015 or had 
had an acute myocardial infraction (MI) within the year 
before the index PCI. Furthermore, we considered only 
those patients who had been insured for at least 360 days 
in the years before the index PCI and without missing 
information. Patients who died during or after the PCI 
were not excluded.

In addition, to assess possible differences in the 
prescription prevalence depending on the indication, we 
undertook a sensitivity analysis (1) that included patients 
with unstable angina pectoris (I20.0 and I20.1). The 
main analysis comprised patients who had an inpatient 
or office-based diagnosis of CHD (ICD I20–I25, inpatient 
primary or secondary diagnosis or confirmed office-based 
diagnosis in at least two quarters) during the period from 
2014 to the billing quarter prior to the index PCI. This 
restriction presupposes that patients had contact with 
inpatient medical services at least once or had seen an 
office-based physician more than once. Therefore, in 
a second sensitivity analysis (2), we examined patients 
without a confirmed diagnosis of CHD in the observation 
period.

Prescription prevalence and measures of guideline-
concordant care
Our analysis considers the recommendations of both the 
German and European guidelines on the management 
of sCHD.6–8 Using data on prescriptions, we divided 
patients into users and non-users of the recommended 
drug therapies in the year before PCI using the ATC 
classification (see online supplemental file 1, table 1 for 
the ATC codes is used). Lastly, we grouped the classes of 
substances, according to the guideline recommendations, 
as preferred or alternative treatments and classified these 
as having been prescribed with the aim of improving a 
patient’s prognosis or relieving his or her symptoms. For 
the purpose of our analysis, we considered beta-blockers 
as belonging to the latter of these categories even though 
they can also enhance prognosis (see figure 1).

Based on these classifications, we defined ‘OMT’ as a 
combined measure that reflected the guideline recom-
mendations. For this measure, we defined a patient as 
a user if, within the year before PCI, he or she had had 
received at least one prescription for a lipid-lowering 
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Table 1  Individual characteristics and prescription prevalence

Total (n=22 551)
n, (%)

Optimal medical therapy* Symptom-oriented therapy†

Criterion fulfilled 
(n=15 473)
n, (%) P value

At least one 
(n=9805)
n, (%)

At least two 
(n=9824)
n, (%) P value

Under 50 years 300 (1.33) 220 (73.33) <0.001 148 (49.33) 99 (33) <0.001

50–59 years 2100 (9.31) 1468 (69.9) 1061 (50.52) 693 (33)

60–69 years 5081 (22.53) 3636 (71.56) 2229 (43.87) 2125 (41.82)

70–79 years 9803 (43.47) 6756 (68.92) 4258 (43.44) 4296 (43.82)

Over 80 years 5267 (23.36) 3393 (64.42) 2109 (40.04) 2611 (49.57)

Male 16 381 (72.64) 11 302 (68.99) 0.04 7317 (44.67) 6752 (41.22) <0.001

Female 6170 (27.36) 4171 (67.6) 2488 (40.32) 3072 (49.79)

No participation in DMP CHD 13 052 (57.88) 8289 (63.51) <0.001 5739 (43.97) 5325 (40.8) <0.001

Participation in DMP CHD 9499 (42.12) 7184 (75.63) 4066 (42.8) 4499 (47.36)

No prior MI 13 753 (60.99) 8669 (63.03) <0.001 5846 (42.51) 5815 (42.28) <0.001

Prior MI 8798 (39.01) 6804 (77.34) 3959 (45.00) 4009 (45.57)

No PCI or CABG 20 003 (88.7) 13 546 (67.72) <0.001 8667 (43.33) 8694 (43.46) 0.007

Prior PCI or bypass 2548 (11.3) 1927 (75.63) 1138 (44.66) 1130 (44.35)

No heart failure 14 956 (66.32) 10 008 (66.92) <0.001 6573 (43.95) 6145 (41.09) <0.001

Heart failure 7595 (33.68) 5465 (71.96) 3232 (42.55) 3679 (48.44)

No hypertension 1486 (6.59) 782 (52.62) <0.001 720 (48.45) 281 (18.91) <0.001

Hypertension 21 065 (93.41) 14 691 (69.74) 9085 (43.13) 9543 (45.3)

No lipid metabolism disorder 4253 (18.86) 2066 (48.58) <0.001 1926 (45.29) 1626 (38.23) <0.001

Lipid metabolism disorder 18 298 (81.14) 13 407 (73.27) 7879 (43.06) 8198 (44.8) <0.001

No diabetes mellitus 11 665 (51.73) 7572 (64.91) <0.001 5302 (45.45) 4499 (38.57) <0.001

Diabetes mellitus 10 886 (48.27) 7901 (72.58) 4503 (41.37) 5325 (48.92)

No PAD 19 054 (84.49) 12 880 (67.6) <0.001 8445 (44.32) 8081 (42.41) <0.001

PAD 3497 (15.51) 2593 (74.15) 1360 (38.89) 1743 (49.84)

No dementia 21 391 (94.86) 14 735 (68.88) <0.001 9319 (43.57) 9287 (43.42) 0.133

Dementia 1160 (5.14) 738 (63.62) 486 (41.9) 537 (46.29)

No depression 17 387 (77.1) 12 033 (69.21) <0.001 7623 (43.84) 7525 (43.28) 0.129

Depression 5164 (22.9) 3440 (66.62) 2182 (42.25) 2299 (44.52)

Low use of office-based 
services‡

6097 (27.04) 3869 (63.46) <0.001 2638 (43.27) 2403 (39.41) <0.001

GP or primary care internist 5861 (25.99) 3828 (65.31) 2525 (43.08) 2583 (44.07)

Cardiologist 10 593 (46.97) 7776 (73.41) 4642 (43.82) 4834 (45.67)

No ASA/clopidogrel 11 850 (52.55) 7240 (61.1) <0.001 5188 (43.78) 4770 (40.25) <0.001

ASA/clopidogrel 10 701 (47.45) 8233 (76.94) 4617 (43.15) 5054 (47.23)

No ACE/ARB 4546 (20.16) 2295 (50.48) <0.001 1994 (43.86) 1298 (28.55) <0.001

ACE/ARB 18 005 (79.84) 13 178 (73.19) 7811 (43.38) 8526 (47.35)

No molsidomine 20 967 (92.98) 14 226 (67.85) <0.001 9380 (44.75) 8742 (41.69) <0.001

Molsidomine 1584 (7.02) 1247 (78.72) 425 (26.83) 1082 (68.31)

No diuretics 9828 (43.58) 6112 (62.19) <0.001 4511 (45.9) 3366 (34.25) <0.001

Diuretics 12 723 (56.42) 9361 (73.58) 5294 (41.61) 6458 (50.76)

No polymedication§ 6095 (27.03) 3004 (49.29) <0.001 3225 (52.91) 1399 (22.95) <0.001

Polymedication§ 16 456 (72.97) 12 469 (75.77) 6580 (39.99) 8425 (51.20)

Continued
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agent (ie, a statin, fibrate, anion exchanger or cholesterol 
absorption inhibitor) and at least one prescription for a 
recommended symptomatic therapy (ie, a beta-blocker, 
calcium channel blocker, ivabradine, ranolazine or 
organic nitrate).

Because (1) the prescription prevalence of antiplatelet 
agents could not be reliably estimated due to the over-to-
counter (OTC) availability of acetylsalicylic acid (ASA), 
(2) molsidomine is not recommended as an alternative to
nitrates and (3) the indication for the use of angiotensin-
converting enzyme (ACE) inhibitors and angiotensin II
receptor blockers (ARB) could not be clearly derived, we
did not consider the use of these agents in our analysis
of the two combined measures. We do, however, present
the prescription prevalence of these and of other active
substances with intersecting indications descriptively.

Because the symptomatic relief of chest pain plays an 
important role, especially when PCI is considered as a 

subsequent treatment option, we examined symptom-
oriented therapy alone in a separate analysis and paid 
special attention to whether the options for conservative 
treatment had been exhausted. For this purpose, we clas-
sified patients as users if they received a prescription for 
at least two classes of symptom-oriented therapy within 
the year before PCI.

Study variables
There are many reasons why patients may fail to receive 
a recommended drug therapy or not follow a recom-
mended regimen. Obstacles can exist at the level of the 
patient, the provider and the health system. We, there-
fore, undertook a multilevel analysis to examine how 
patient-specific and regional health services supply factors 
might affect the use of the recommended drug thera-
pies. In doing so, we considered factors for which there 
is evidence of an association with poor use of guideline-
recommended drug therapies or high rates of treatment 
discontinuation16 18–30 (see online supplemental file 2, 
for the description of the variable selection and table 1 
for the International Classification of Diseases, 10th Revi-
sion,German Modification (ICD-10-GM) codes that were 
used).

Statistics
We presented prescription prevalence in a descrip-
tive manner. The patient characteristics were stratified 
according to drug therapy and compared using χ2 test. In 
a logistic regression model, we examined the influence of 
patient-specific study variables on prescription prevalence. 
Subsequently, within a multilevel model, we considered 
variation at the level of the administrative districts and 
examined the influence of the variables related to features 
of local healthcare supply. For the purpose of multilevel 
analysis, we mean centred age. We assessed the specific and 
general context effects by intraclass correlation coefficient 
(ICC), median OR (MOR), proportion change in variance 
(PCV), proportion of opposite odds (POOR), 80%-interval 
OR (80%-IOR) and ROC AUC curve comparisons. We 
considered a p<0.05 to be statistically significant. Analyses 
were performed with StataSE V.15.

Patient and public involvement
Patients and public were not involved.

Total (n=22 551)
n, (%)

Optimal medical therapy* Symptom-oriented therapy†

Criterion fulfilled 
(n=15 473)
n, (%) P value

At least one 
(n=9805)
n, (%)

At least two 
(n=9824)
n, (%) P value

*At least one lipid-lowering and one symptom-oriented therapy.
†At least two classes of drugs or combination.
‡Patients with fewer than two visits to a physician per year.
§Patients with more than five long-term (DDD lasting for 90 days or more) prescriptions according to ATC code.
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blockers; ASA, acetylsalicylic acid; ATC, Anatomical Therapeutic Chemistry; 
CABG, coronary artery bypass graft; CHD, coronary heart disease; DMP, disease management program; GP, general practitioner; MI, myocardial 
infraction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention.

Table 1  Continued

Figure 1  Systematisation of drug therapy based on 
guideline recommendations. For the purpose of our analysis, 
beta-blockers were considered as belonging to the symptom-
oriented therapy. *Not included in the combined endpoints. 
ACE, angiotensin-converting enzyme; ARB, angiotensin II 
receptor blockers; ASA, acetylsalicylic acid.
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RESULTS
Study sample
The dataset comprised nationwide linked billing data 
from approximately 42.5 million individuals. In 2016, a 
total of 147 272 patients in the dataset received at least 
one PCI. The selection yielded a study population for the 
main analysis consisting of 22 551 patients. In addition, 
we performed a sensitivity analysis (1) including patients 
with unstable angina pectoris and a further sensitivity 
analysis (2) with patients who did not have a confirmed 
CHD diagnosis prior to the index PCI (see figure 2).

Prescription prevalence
Within the year before the index PCI in 2016, the crite-
rion of OMT was met in 68.61% of patients. 25.40% 
were prescribed only one of these therapies, and 5.99% 
received no OMT-prescriptions. Of the 17 044 (75.58%) 
patients who received a prescription for a lipid-lowering 
drug, the majority (98.04%) were prescribed a statin. Of 
the 19 629 (87.04%) patients who received a prescrip-
tion for at least one of the symptom-oriented therapies, 
43.56% were prescribed at least two symptom-oriented 
drugs. The majority of patients received a prescription 
for a beta-blocker (75.36%), 33.87% a prescription for 
a calcium channel blocker and 26.02% a prescription 
for a regimen consisting of both agents. 26.47% were 
prescribed an organic nitrate. Ivabradine was prescribed 
in fewer than 2%, ranolazine in just over 5% of patients 
(see figure 3 and table 1 for individual characteristics and 
prescription prevalence).

Sensitivity analysis including patients with unstable 
angina pectoris revealed minor differences in prescrip-
tion prevalence. Patients without a confirmed diagnosis 
of CHD prior to PCI had a lower prescription prevalence 

for all drug classes. The criterion of OMT was fulfilled 
in 31.13% of these patients. Seventy-six per cent received 
a prescription for at least one of the two therapies, and 
24.00% receive no OMT-prescriptions. 63.81% of the 
patients received a prescription for at least one of the 
symptom-oriented therapies, and 24.07% of the patients 

Figure 2  Selection of the patient population. AP, angina pertoris; CABG, coronary artery bypass graft; CHD, coronary heart 
disease; CP, chest pain; ICD, International Classification of Diseases; MI, myocardial infarction; N, number of patients; PCI, 
percutaneous coronary intervention.

Figure 3  Prescription prevalence of the active substances. 
Percentage of patients with at least one prescription within 
1 year prior to PCI. ACE, angiotensin-converting enzyme; 
AP, angina pertoris; ARB, angiotensin II receptor blockers; 
ASA, acetylsalicylic acid; CHD, coronary heart disease; PCI, 
percutaneous coronary intervention.
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received a prescription for at least two classes of these 
drugs.

Optimal medical therapy
Patients with a previous MI, a diagnosed lipid metabo-
lism disorder, previous CABG or PCI, diabetes mellitus, 
PAD, heart failure or hypertension had higher odds of 
receiving the OMT within the year before the index 
PCI (see table  2). Above average age and a diagnosis 
of dementia or depression were associated with lower 
odds of receiving a prescription for the OMT. The sex 
of the patient showed no significant association with 
such prescriptions. Although symptom-oriented therapy 
was prescribed more frequently in women, the propor-
tion of men who were prescribed a lipid-lowering drug 
was 76.54% compared with 73.03% in women (p<0.001). 
Participation in a disease management program (DMP) 
for CHD was associated with a higher odds of being 
prescribed the OMT. Patients who made at least two visits 
to the general practitioner (GP) or primary care internist 
per year or who had an additional contact with a cardiol-
ogist had higher odds of being prescribed the OMT or 
primary care internist per year or who had an additional 
contact with a cardiologist had higher odds of being 
prescribed the OMT compared with patients who made 
fewer visits. The variables at the regional level showed no 
statistically significant effect. Although likelihood-ratio 
tests suggest that the differences between the districts 
is not zero, the ICC points to a low correlation within 
each of the districts. The measures of the general and 
specific context effects suggest that the variables charac-
terising the regional healthcare supply had little explan-
atory power and accounted for only a small proportion 
(PCV=4.9%) of variance at the district level.

Symptom-oriented therapy
Prior MI, above average age, female gender and diag-
nosed risk factors and comorbidities, were associated with 
a higher odds of receiving a prescription for symptom-
oriented therapy in the year before the index PCI. 
Enrolment in a DMP for CHD, regular visits to the GP 
or primary care internist and additional contact with a 
cardiologist also showed a positive association compared 
with patients who used fewer healthcare services. A 
previous PCI or CABG, or a diagnosis of dementia or 
depression showed no significant influence on such 
prescriptions. The variables we considered for regional 
healthcare supply also showed no significant association. 
However, patients in eastern Germany had higher odds of 
being prescribed symptom-oriented therapy after consid-
ering patient characteristics. The comparison of eastern 
and western German districts suggests that there is, on 
average, a positive association for the former, with an 
OR of 1.19 (95% CI 1.09 to 1.30). However, unmodelled 
interdistrict variability remained, which is reflected in the 
broad 80% IOR(95% CI 0.86 to 1.64). The POOR was 
moderate (24.5%). The model, including the regional 
variables, explains 14.20% of the variance at district level. 

Considering the patient characteristics and the multi-
level structure, the MOR is 1.20, or 1.18 if the district vari-
ables are included—that is, if a person moves to another 
district with a higher prescription likelihood, their risk of 
getting a prescription in median increases 1.20 or 1.18 
times.

Table 2  Multilevel model of influencing factors

Optimal medical 
therapy†

Symptom-oriented 
therapy‡

OR 95% CI OR 95% CI

Individual level

Age§ 0.99 (0.98 to 0.99)** 1.01 (1.01 to 1.02)**

Female 1.06 (0.99 to 1.13) 1.37 (1.29 to 1.46)**

DMP CHD 1.58 (1.49 to 1.69)** 1.23 (1.17 to 1.31)**

Prior MI 1.71 (1.60 to 1.82)** 1.13 (1.07 to 1.20)**

Previous PCI/
CABG

1.23 (1.11 to 1.36)** 1.01 (0.92 to 1.10)

Heart failure 1.08 (1.01 to 1.15)* 1.13 (1.07 to 1.20)**

Hypertension 1.66 (1.48 to 1.86)** 2.8 (2.44 to 3.21)**

Lipid metabolism 
disorder

2.46 (2.29 to 2.64)** 1.15 (1.07 to 1.24)**

Diabetes mellitus 1.34 (1.26 to 1.42)** 1.38 (1.30 to 1.46)**

PAD 1.22 (1.12 to 1.33)** 1.23 (1.14 to 1.32)**

Dementia 0.75 (0.66 to 0.86)** 0.89 (0.78 to 1.00)

Depression 0.81 (0.76 to 0.88)** 0.97 (0.90 to 1.03)

GP or primary 
care internist

1.17 (1.08 to 1.27)** 1.16 (1.08 to 1.26)**

Cardiologist 1.47 (1.37 to 1.59)** 1.19 (1.11 to 1.27)**

District level

Pharmacies 
per 100 000 
inhabitants

1 (0.99 to 1.01) 1.01 (1.00 to 1.02)

GPs per 100 000 
inhabitants

1 (0.99 to 1.01) 1 (0.99 to 1.00)

Internists 
per 100 000 
inhabitants

1 (1.00 to 1.01) 1 (1.00 to 1.01)

No of cases per 
GP

1 (1.00 to 1.00) 1 (1.00 to 1.00)

No of cases per 
internist

1 (1.00 to 1.00) 1 (1.00 to 1.00)

Eastern Germany 1.01 (0.91 to 1.11) 1.19 (1.09 to 1.30)**

Constant 0.28 (0.18 to 0.43)** 0.12 (0.08 to 0.17)**

Variance of 
districts

0.04 (0.02 to 0.06) 0.03 (0.02 to 0.05)

*P<0.05, **p<0.001.
†At least one lipid-lowering and one symptom-oriented therapy.
‡At least two classes of drugs or combination.
§Mean centred.
CABG, coronary artery bypass graft surgery; CHD, coronary 
heart disease; DMP, disease management program; GP, general 
practitioner; MI, myocardial infraction; PAD, peripheral arterial 
disease; PCI, percutaneous coronary intervention.
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DISCUSSION
Using a comprehensive set of nationwide routine data, 
the present study is the first to analyse patterns of use of 
guideline-recommended drug therapies among patients 
with sCHD in Germany in the time before they undergo 
PCI. The study also explores the association of these 
patterns with characteristics of regional healthcare supply 
and patient characteristics.

Although the European and German guidelines6–8 
recommend drug therapy in patients with sCHD, our find-
ings suggest that the recommendations are only fulfilled 
to a moderate degree that and there is substantial varia-
tion in how they are being implemented in Germany. In 
general, patients in our sample who received treatment 
in accordance with these recommendations were those 
who had a greater number of diagnosed risk factors and 
comorbidities and a more severe history of cardiac disease 
compared with patients who did not.

The associations observed in our analysis are consis-
tent with the results of the Canadian study except that 
Garg et al observed a weak positive association in men.10 
While we found that the use of symptom-oriented therapy 
in women was more frequent, gender showed no signifi-
cant association with the OMT. This can be attributed to 
the lower prescription prevalence of statins in women in 
our sample, which is consistent with the results of a study 
on secondary prevention in CHD in Germany34 and with 
the findings of the EUROASPIRE IV and V surveys.13 17 
We found that patients with diagnosed depression, above 
average age and diagnosed dementia have lower odds 
of receiving the OMT. It might, therefore, be useful to 
pay special attention in consultations with these patients 
when discussing, reviewing and agreeing on individual 
treatment plans.

The volume of ambulatory office-based services used 
by patients and of care provided by GPs and additional 
visits to cardiologists showed a positive association with 
the prescription of OMT. However, the variables included 
at the district level showed no discernible influence on 
the prevalence of OMT prescriptions.

The prevalence of prescriptions for the symptom-
oriented therapies differed significantly between eastern 
and western Germany, with a higher prevalence in the 
eastern districts. These results are consistent with those 
found in a study in patients with heart failure, which also 
suggest an east-west gradient in the use of beta-blocker 
therapy.35 These differences could be due to several 
factors, such as different patient preferences, historical 
differences in service providers’ experience, preferences 
regarding the prescription, differences in drug budgets 
or variations in the market penetration of certain drugs. 
The role of the physician in the implementation of 
prevention guidelines for CHD and barriers to their 
implementation was studied by Reiner et al. The authors 
found that, although most physicians believe that guide-
lines are useful and necessary, 11.9% of primary care 
physicians, 7.0% of internists and 4.8% of cardiolo-
gists prefer to rely on their own personal experience.36 

Moreover, the frequency of PCI varies widely within 
Germany,37–39 which suggests that the observed differ-
ences might reflect varying preferences in the use of 
invasive therapies.

Looking at patients regardless of whether they had a 
confirmed diagnosis of CHD, we found a prescription 
prevalence for most drug classes that was lower than 
that seen by Borden et al in the USA and Garg et al in 
Canada, with the exception of ACE inhibitors/ARB and 
beta-blockers.9 10 In the USA, 62.6% of these patients 
received a beta-blocker compared with 56.9% in Canada 
and 63.61% in Germany. While 64.3% of patients in 
Canada and the USA received a statin, the percentage 
in Germany was 60.10%. Compared with the Canadian 
study, the proportion of patients receiving prescriptions 
was lower by 6.94% for calcium channel blockers, 3.45% 
for nitrates. It should be noted, however, that the observa-
tion period for measuring prescription prevalence in the 
two other studies was shorter than in ours, the composi-
tion of their patient sample may have differed and the 
combined measures they used are not directly compa-
rable to those used in our analysis because they are based 
on different definitions.

The EUROASPIRE cross-sectional surveys have evalu-
ated guideline implementation in European countries 
and found that, a large majority of patients with docu-
mented CHD, fail to achieve the therapeutic targets. 
When comparing the most recent results for Germany 
with those for patients with known CHD in our study, 
we find that the proportion of patients receiving lipid 
lowering medication was 12% lower in our analysis than 
the proportion reported in EUROASPIRE V17 and the 
proportion receiving statins 7% lower compared with 
EUROASPIRE IV.13 Similarly the prescription prevalence 
we found for beta-blockers and for ACE inhibitors/ARB 
was lower than the proportion reported for Germany in 
EUROASPIRE IV, by 8% and 2%, respectively. It should 
be noted, however, that the patient’s sample of the EURO-
ASPIRE surveys differs to the one in our analysis, because 
patients with documented CHD were recruited following 
hospitalisation. Zhao et al40 have investigated medication 
use in patients with documented CHD in Europe, Asia 
and the Middle East and found substantial variations 
between regions and countries. The proportion of medi-
cation use the authors reported for Europe were higher 
than those found in our study with exception of calcium 
antagonist and ARBs. Again, it has to be noted that the 
patient sample differs to the one in our study, because 
participants were recruited from cardiology outpatient 
clinics in participating centres.

Because the results of our study may be considered as 
real-world evidence reflecting current routine practice, as 
opposed to observations made in clinical trials with strict 
control of drug regimens and selected patient popula-
tions, it is not surprising that the medication use reported 
after 5 years in the COURAGE study41 and after 1 year in 
the ISCHEMIA trial42 were higher than the prescription 
prevalence found in our analysis.
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LIMITATIONS
This study has several important limitations. First, our 
prescription data do not include drugs prescribed and 
administered in hospitals,43 which could lead to an under-
estimation of prescription prevalence. Second, because 
we could not rule out the OTC use of ASA, we expected 
the prevalence of its use to be underestimated.44 Third, 
because prescription data in Germany are passed on from 
the pharmacies to health insurers, a prescription was 
recorded only in cases where a patient redeemed it. Thus, 
a low prescription prevalence may be due to poor imple-
mentation of treatment recommendations on the part of 
providers or a lack of adherence or treatment discontin-
uation on the part of patients. Fourth, the drug thera-
pies included in our model are not disease specific, and 
physicians’ decisions to prescribe them may have been 
influenced by patients’ comorbidities. This can lead to 
an overestimation of the prescription prevalence attrib-
utable to the CHD diagnosis. Fifth, our analysis does not 
consider intolerance or contraindications. Although we 
take account of the fact that the guidelines recommend 
alternatives, we cannot exclude the possibility that in 
certain cases both the preferred and alternative therapies 
were not prescribed because both were contraindicated. 
Sixth, the coding behaviour of physicians influences the 
documented diagnoses and there may be regional and 
specialty-specific differences in the coding. This can lead 
to a misclassification of patients in the study sample and 
subgroups. Lastly, our model does not consider the supply 
of care in surrounding districts and therefore only allows 
conclusions to be drawn about the impact of healthcare 
supply in a patient’s district of residence. If care supply 
for the surrounding districts plays an important role, this 
will not be reflected in our findings.

CONCLUSION
The present analysis is the first to provide insights into 
the patterns of use of drug therapy prior to PCI among 
patients with sCHD in Germany while taking patient 
characteristics and characteristics of regional healthcare 
supply into account. We found substantial variation in 
the prescription of guideline-recommended drug thera-
pies for this patient group in routine practice and that 
the conservative therapy options are not fully exhausted 
prior to PCI. Although our study was not designed to 
determine whether poor guideline implementation is 
the cause of this variation, our findings can be used to 
formulate hypotheses to be used in further research on 
this topic and that there might be room for improvement 
in the care of patients with sCHD in Germany.
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We included combination therapies in our analysis if they contained any of the active substances 

recommended in the guidelines. For drugs with various indications, we considered only the 

ATC codes that were related to cardiovascular indications (see Table 1). 

Table 1: Operationalization of drug therapy 

Description ATC code 

Lipid-lowering agents 

Statins C10AA, C10BA, C10BX 

Other lipid-lowering therapies C10AB, C10AC, C10AD, C10AX 

Inhibitors of platelet aggregation 

ASA B01AC06, C10BX01, C10BX02, C10BX04, C10BX05, 

C10BX06, C10BX08, C07FX04, C07FX02, C07FX03, 

C07FX04, B01AC56 

Clopidogrel B01AC04 

Agents acting on the renin-angiotensin system 

ACE inhibitors C09A, C09B, C10BX04, C10BX06, C10BX07, C10BX11 

Angiotensin II receptor blockers (ARB) C09C, C09D, C10BX10 

Symptom-oriented therapy 

Beta-blockers C07, C09BX02 

Calcium channel blockers C08, C07FB, C09DB, C10BX03, C10BX07, C10BX09, 

C10BX11, C07FB02, C07FB03, C07FB07, C07FB12, C07FB13 

C09BX01, C09BB, C09DB 

Ivabradine C01EB17, C07FX05, C07FX06 

Ranolazine C01EB18 

Organic nitrate C01DA 

Molsidomine C01DX12 
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Both factors for which there is evidence of an association with poor use of guideline-

recommended drug therapies or high rates of treatment discontinuation were considered in our 

analysis. The German and European guidelines recommend different measures to improve 

adherence, such as regularly addressing the topic in consultations with patients or the use of 

aids such as weekly blister packs (1-4). At the patient level, we included the following variables 

in our analysis: age, sex, participation in a disease management program (DMP), a history of 

cardiovascular events, a history of PCI or CABG, selected comorbidities, and the use of 

ambulatory services. 

An analysis of the German Federal Health Survey in 1998 showed differences between men 

and women in the use of individual drugs for the treatment of CHD, suggesting, in turn, 

differences in the prescription behaviour of physicians in office-based practice according to the 

gender of their patients (5). In addition, the gender of patients is one of the most commonly 

observed predictors of non-compliance with drug therapy in patients with CHD. For example, 

whereas female gender has been shown to be a predictor of non-compliance with statin therapy 

(6), there is evidence that men are more likely to initiate and maximise such treatment (7). 

Similarly, women taking concomitant antihypertensive and lipid-lowering therapy are 10% less 

likely than men to adhere to it (8). A study in patients with heart failure in Germany has shown 

that among women in younger age groups, the use of guideline-recommended drug therapy is 

lower but approaches the level of use in men with increasing age (9). Lastly, the results of a 

cross-sectional study in Germany suggest that the gender of the treating physician and the 

patient may influence the likelihood of whether guideline recommendations for the treatment 

of chronic heart failure are followed (10). 

A patient’s history and prior treatment of CHD may also have an impact on adherence. It has 

been shown that an index prescription of statins following an acute coronary syndrome is 

associated with higher rates of compliance (6). Moreover, patients with a higher risk of CHD 

had a higher adherence to antihypertensive and lipid-lowering therapy than did patients without 

CHD risk factors. For example, in patients with an acute or previous myocardial infarction in 

the year preceding drug treatment initiation, the odds of adherence was 28% greater than that 

among patients without evidence of CHD (8). In addition, a correlation has been found between 

certain comorbidities and the use of and compliance with drug therapy, including hypertension, 

heart failure, diabetes mellitus, disorders of lipid metabolism, peripheral arterial disease (PAD), 

depression and dementia (6-8, 11-17). We determined patients’ cardiac history and 
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comorbidities from the ICD-10-encoded diagnoses in the quarters prior to the index PCI 

according to the M2Q criteria (i.e., an inpatient primary or secondary diagnosis or confirmed 

office-based diagnosis in at least two quarters). The included ICD-10 codes and procedures are 

listed in Table 1.  

Table 1: Operationalization of diagnoses and procedures 

Description ICD-10 codes 

Prior myocardial infarction I21 - I24, I25.2 

Hypertension I10 - I13, I15 

Disorders of lipid metabolism E78 

Heart failure I50 

Diabetes mellitus (type I & II) E10 - E14 

Depression F31 - F33 

Dementia F00 - F03, F05.1, G30 - G31 

Description Procedure codes 

PCI EBM: 34292, OPS: 8-837 

CABG OPS: 5-361, 5-362 

Patients’ use of medical services can also influence prescription prevalence. The results of an 

analysis of routine data from a statutory health insurer in Germany (18, 19) suggest that a 

combination of primary and specialist care is associated with the highest prevalence of 

prescriptions for guideline-recommended therapies in most drug groups in the treatment of heart 

failure. An analysis of data from the Association of Statutory Health Insurance Physicians 

yielded a similar finding (9). We classified patients’ use of office-based physician services

based on their visits to GPs, primary care internists and cardiologists because these are the 

groups of physicians who are usually involved in the office-based care of patients with CHD in 

Germany. We considered patients with fewer than two visits per year to be low users of office-

based physician services. We classified the remaining patients according to whether they had 

made (1) two or more visits to a GP or primary care internist and (2) an additional visit to the 

cardiologist. 

In addition to patient-specific factors, regional factors may play a role in the use of 

recommended drug therapies. At the level of the regional supply of health services, these 

include access to care and the average number of cases per physician. Although service density 
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in Germany is generally high, there are regional differences in the accessibility of care. On the 

one hand, high workloads for providers can lead to shorter physician-patient interactions, 

potentially reducing the capacity and time that providers have to discuss and review treatment. 

This, in turn, could lead to a reduction in prescription prevalence or adherence. On the other 

hand, a high volume of cases might enhance providers’ experience and skills, possibly 

increasing their propensity to prescribe the recommended drug therapy. In a study of patients 

with heart failure in Germany in 2014, regional differences characterised by an east-west 

gradient were observed in the prescription of guideline-recommended drug therapy. The highest 

proportion of patients with the appropriate drug therapy was found in Mecklenburg-Western 

Pomerania, Brandenburg, Saxony, and Saxony-Anhalt in eastern Germany. There was also 

evidence that co-supervision by a cardiologist minimised this east-west difference even though 

an east-west gradient in cardiologist density could not be demonstrated with the available data 

(9). 

In order to examine how physician density and patients’ use of office-based physician services

might impact the use of guideline-recommended drug therapy for CHD, we considered features 

of the regional health care supply at the district level. For this purpose, we assigned patients to 

the 401 administrative districts in Germany based on the last available information about their 

place of residence. At the district level, we approximated access to care based on the density of 

pharmacies (per 100,000 inhabitants, 2015) (20), general practitioners (per 100,000 inhabitants, 

2015) (21) and internists (per 100,000 inhabitants, 2015) (20). Furthermore, we approximated 

patients’ use of regional health care services based on the average number of cases per family

doctor (21) and the average number of cases per internist (20, 21). In addition, we considered 

whether the districts were in eastern or western Germany, the former of which we defined as 

comprising the five new states that were formed after German Reunification in 1990. 
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