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Abstract 
Background 

Cardiovascular diseases (CVDs) are widely prevalent in Germany and are additionally the most common cause of mortality. 

A large share of these diseases, especially atherosclerotic cardiovascular disease (ACSVD), is preventable. However, up-

to-date figures describing the health and socioeconomic burden of ASCVDs in Germany, which possibly show the potential 

of prevention, are lacking.  

Additionally, early evidence suggests that the COVID-19 pandemic could be associated with an increase in CVD risk 

factors and consequently lead to a higher disease burden. 

 

Objective 

We estimate the health and socioeconomic burden of ASCVDs, namely ischemic heart diseases, cerebral infarction and 

sequelae, and atherosclerosis, in the adult German population for one year. We further explore possible impacts of the 

COVID-19 pandemic on CVDs in Germany. 

 

Method 

In the first part of this study, we use official statistics on mortality, hospitalization, and rehabilitation for ten selected 

diagnoses (I20-I25, 164-I64, I69, I70) to derive the number of days spent in hospital or rehabilitation, and the number of 

years of life lost (YLL) for different age and gender groups. These endpoints are translated to losses in paid and unpaid 

work hours based on labor market statistics and information from the German time use survey. Then they are monetarized 

according to gross wages. 

In the second part, we conduct a literature review on previously identified potential causal links between the COVID-19 

pandemic and CVDs, i.e., CVD-related healthcare provision and utilization during the pandemic, behavioral changes in 

lifestyle risk factors for CVDs, and post-acute implications of a COVID-19 infection. We use PubMed and Google Scholar 

with a focus on Germany-specific data and peer-reviewed journal articles. 

 

Results  

A total of 1.1 million inpatient hospitalizations and 174,005 rehabilitations with 12.7 million days spent in inpatient care, as 

well as 158,359 deaths resulting in 1.6 million YLL were attributed to ASCVD diagnoses in 2019. The associated 

socioeconomic burden amounts to 55.0 million hours (ú1.1 billion) and 1.9 billion hours (ú23.4 billion) of paid and unpaid 

work lost for inpatient stays, i.e., hospitalization and rehabilitation, and for foregone productivity over remaining life 

expectancy (YLL), respectively. Over 90% of the estimated socioeconomic burden relates to unpaid work activities. 

On the role of the COVID-19 pandemic, 46 articles were included in our literature review after abstract screening of 

database search results and full-text assessment. Thirty articles covered aspects of healthcare utilization and provision. 

Twelve articles covered aspects of lifestyle changes in CVD risk factors. Five articles covered CVD-related post-acute 

implications of a SARS-CoV-2 infection, however, mostly indirect and remain yet to be understood. 

 

Conclusion 

In addition to the substantial number of inpatient stays and premature deaths related with ASCVD diagnoses, productivity 

losses in unpaid work activities are an important aspect of the socioeconomic burden when a large share of patients is 

above the retirement age. Overall, our estimates show the positive potential that effective prevention strategies could have 

in reducing the burden.   

While the reviewed literature does not allow for inference of long-term trends, it indicates short-term impacts of the COVID-

19 pandemic on behavioral CVD risk factors as well as on healthcare for CVDs. With a rapidly growing evidence base, 

more data will help to better understand different mechanisms and the persistence of effects. 

 



I 

Table of Contents 

List of Figures .................................................................................................. III 

List of Tables .................................................................................................... IV 

List of Abbreviations ......................................................................................... V 

1 Background and study objectives ............................................................. 1 

2 Estimating the health and socioeconomic burden .................................... 2 

2.1 Methodology and data collection ....................................................................... 2 

2.1.1 Calculating the value of lost productive time .......................................... 3 

2.1.2 Adjustment for population size, age distribution, and gender ratio 

between the German federal states ....................................................... 4 

2.1.3 Alternative scenarios to test model robustness ...................................... 5 

2.2 Results on the health and socioeconomic burden ............................................. 7 

2.2.1 The highest overall health burden is with men, but women account for 

the most deaths and inpatient care in the oldest age groups ................. 7 

2.2.2 The socioeconomic burden mainly affects unpaid work activities ........... 8 

2.2.3 Results for the German federal states .................................................. 10 

2.2.4 Robustness to changes in main assumptions ...................................... 10 

2.3 Interim conclusion and limitations ................................................................... 14 

3 The role of the COVID-19 pandemic for CVDs ......................................... 15 

3.1 Hypothetical relationship between COVID-19 and CVDs and resulting 

research questions .......................................................................................... 15 

3.2 Methods description of literature review .......................................................... 16 

3.2.1 Search strategy and selection criteria .................................................. 17 

3.2.2 Full-text retrieval and data extraction ................................................... 18 

3.3 Results of the literature review ........................................................................ 20 

3.3.1 Study characteristics ........................................................................... 20 

3.3.2 Results concerning healthcare provision and utilization ...................... 20 

3.3.3 Behavioral changes in lifestyle risk factors .......................................... 24 



II 

3.3.4 Post-acute implications of a COVID-19 infection .................................. 25 

3.4 Interim conclusion and limitations ................................................................... 26 

4 Conclusion ............................................................................................... 28 

Bibliography ................................................................................................ XXIX 

Appendix ................................................................................................... XXXIV 

  



III 

List of Figures 
 

Figure 1: Stylized depiction of the main steps for estimating the burden 

of ASCVDs ..................................................................................................... 3 

Figure 2: Share of persons 65 and older in the adult population in each 

federal state for 2019 .................................................................................... 5 

Figure 3: Overview of the results on the health and socioeconomic 

burden of ASCVDs in Germany for 2019 .................................................... 7 

Figure 4: Health burden associated with selected ASCVD diagnoses in 

2019 ................................................................................................................ 9 

Figure 5: Health burden in each federal state for 2019 (absolute number 

of cases) ...................................................................................................... 11 

Figure 6: Health burden in each federal state for 2019 (crude rate per 

100,000 inhabitants) ................................................................................... 11 

Figure 7: Health burden in each federal state for 2019 (standardized rate 

per 100,000 inhabitants) ............................................................................. 11 

Figure 8: Socioeconomic burden in monetary terms in alternative 

scenarios compared to the base case estimate ....................................... 13 

Figure 9: Possible effect mechanisms of the COVID-19 pandemic on 

CVDs ............................................................................................................ 16 

Figure 10. Possible effect mechanisms of a SARS-CoV-2 infection on 

CVDs ............................................................................................................ 16 

Figure 11: Flow diagram on search results and review process ............................ 21 

 

 

  



IV 

List of Tables 

Table 1: Included ASCVD diagnoses and respective ICD-10-GM code .................... 2 

Table 2: Alternative scenarios for estimating the socioeconomic burden 

with varied  assumptions or input parameters ............................................ 6 

Table 3: Socioeconomic burden associated with ASCVD diagnoses in 

2019 ................................................................................................................. 8 

Table 4: Estimated paid and unpaid work hours lost due to ASCVD 

diagnoses in each federal state with the respective monetary 

value (2019) .................................................................................................. 12 

Table 5: Data collected during the full-text retrieval ................................................ 19 

  



V 

List of Abbreviations 

AIS Acute ischemic stroke 

ALI Acute limb ischemia 

ARDS Acute respiratory distress 

ASCVD Atherosclerotic cardiovascular disease 

CI Confidence interval 

COVID-19 Coronavirus disease 2019 

CMR Cardiovascular magnetic resonance 

CV event Cardiovascular event 

CVD Cardiovascular disease 

ESP 2013 Revised European Standard Population 2013 

GVA Gross value added 

HF Heart failure 

ICD-10 International Statistical Classification of Diseases and Related Health Problems, 

10th revision 

ICH Intracerebral hemorrhage 

IS Ischemic stroke 

IVT Intravenous thrombolysis 

MeSH Medical Subject Headings 

MT  Mechanical thrombectomy 

NSTEMI Non-ST-elevation myocardial infarction 

NYHA New York Heart Association 

SARS-CoV-2 Severe acute respiratory syndrome coronavirus type 2 

STEMI ST-elevation myocardial infarction 

TIA Transient ischemic attack 

YLL Years of life lost 

  



 

1 

1 Background and study objectives 

Cardiovascular diseases (CVDs) play a major role in the health status of the German population. Firstly, CVDs are the 

most common cause of mortality in Germany, responsible for 34.3 percent of all deaths in 2020 (Statistisches 

Bundesamt (Destatis), 2021h). Moreover, chronic CVDs are widely prevalent among Germans (Dornquast et al., 2016) 

and have a particularly high public health relevance as a cause of morbidity and healthcare expenditures (Statistisches 

Bundesamt (Destatis), 2017a). In addition to the cost and inconvenience of medical check-up visits, therapy, and 

hospitalizations, CVD patients can suffer from long-term disability and reduced quality of life. This is often accompanied 

by a high degree of functional impairment, although the disease severity varies widely across different CVDs. This 

poses not only a burden on patients, but also has economic and societal consequences due to absence from work or 

from other activities, including productive tasks such as housekeeping, childcare, or voluntary services. 

As a large share of CVDs is preventable (World Health Organization, 2021), there is great opportunity to reduce this 

burden (Waterall, 2019). Atherosclerotic cardiovascular disease (ACSVD) is considered the primary preventable form 

of CVD. Preventable risk factors for atherosclerosis range from obesity, lack of physical activity, unhealthy diet, and 

uncontrolled blood pressure to cholesterol (LDL-C) (Kuhlmann et al., 2015; Mach et al., 2020; Robert Koch-Institut & 

Statistisches Bundesamt (Destatis), 2006; World Health Organization, 2021). Therefore, prevention strategies may 

include early and continuous health education, communities that promote healthy nutrition, regular physical activity, 

and equal access to effective drugs and therapies for all societal groups. 

However, reliable and up-to-date data describing the health and socioeconomic burden of ASCVDs in Germany, such 

as myocardial infarction or ischemic stroke, are lacking. This can hinder awareness of the potential of prevention to 

mitigate detrimental consequences and delay the establishment of nationwide prevention strategies. In the face of an 

aging society, such strategies might be particularly important.  

Additionally, early evidence suggests that the COVID-19 pandemic and associated containment measures could lead 

to an increase in CVD risk factors, both via SARS-CoV-2 infection and behavioral changes, and could consequently 

lead to a higher disease burden in the future (Mattioli et al., 2020; Woods et al., 2020; Zeymer et al., 2021; Saleh et al., 

2020; Böhm et al., 2020). 

Therefore, this study pursues two objectives:  

(1) Estimate the health and socioeconomic burden of ASCVDs in Germany 

Á Provide reliable and up-to-date figures 

Á Include productivity losses (indirect costs) in terms of both paid und unpaid work 

(2) Explore the role of the COVID-19 pandemic in the future burden of CVDs in Germany 

Á Provide an overview of the current literature on causal links between the COVID-19 pandemic and 

CVDs 

Á Evaluate the suitability of existing evidence to derive trends for the German general population 

(generalizability) 

The report describes both parts of the study separately, including the methods and data used as well as the respective 

results. 
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2 Estimating the health and 

socioeconomic burden 

The aim of the first part of the study is to quantify the health and socioeconomic burden of ASCVDs in Germany. To 

establish an appropriate disease definition, we distinguish between CVDs that are primarily caused by atherosclerosis 

and those with other primary causes. We select ten diagnoses relating to documented ASCVD to be included in the 

analysis (Table 1). 

Table 1: Included ASCVD diagnoses and respective ICD-10-GM code 

 Diagnosis ICD-10-GM code 

 

 

Ischemic heart diseases 

Angina pectoris I20 

Acute myocardial infarction I21 

Subsequent myocardial infarction I22 

Current complications following acute myocardial infarction I23 

Other acute ischemic heart diseases I24 

Chronic ischemic heart disease I25 

Cerebral infarction and 

sequelae 

Ischemic stroke I63 

Stroke, not specified as hemorrhage or infarction I64* 

Sequelae of cerebral infarction I69* 

Atherosclerosis Including peripheral arterial disease I70 

 
Note: ICD-10-GM 2019: International Statistical Classification of Diseases and Related Health Problems, 10th revision, German 
Modification; *The diagnosis does not specify the type of stroke. 82.5% of cases with a not further specified stroke diagnosis were 
assumed to be ischemic strokes (Robert Koch-Institut, 2017). 
 

The burden of disease can relate to different aspects of impaired health. We use the term health burden to describe 

different indicators of morbidity and mortality associated with a disease. Within this framework, socioeconomic burden 

is defined as losses in paid and unpaid work due to ASCVDs. We also refer to lost paid and unpaid work hours as 

productivity losses. 

2.1 Methodology and data collection 

To estimate the health and socioeconomic burden associated with ASCVDs, we focus on the German adult population. 

All included cases relate to persons that are 20 years old or older. There is no upper age limit.  

The time horizon of analysis is the year 2019. It is the calendar year which provides the most current data that is 

unbiased by the COVID-19 pandemic and its far-reaching impact. Thus, this year is best suited for establishing a 

baseline for the burden of ASCVDs prior to the pandemic. 

Inpatient hospitalizations, rehabilitation cases, and premature mortality associated with the selected diagnoses are 

chosen as the relevant health outcomes in the context of this study. Their occurrence in 2019 represents the basis of 

the calculations. We use data from hospital diagnosis records, rehabilitation facilities records, and cause of death 
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statistics (Statistisches Bundesamt (Destatis), 2021b, 2021c, 2021d, 2021g). This data is part of the national health 

reporting in Germany. It is highly reliable, regularly updated, and published in aggregated form by the German Federal 

Statistical Office (Destatis). All data on these health outcomes is available separately by 5-year-age and gender groups, 

as well as by federal states for the ten selected diagnoses. 

We use the length of hospital or rehabilitation facility stay, and premature mortality to establish a link between health 

outcomes and socioeconomic burden. The basic idea is that each associated event leads to immediate absenteeism 

from paid work and thus to a loss in production (or rather productivity potential in the case of premature mortality). 

Additionally, patients who are hospitalized, attend rehab, or die prematurely do not perform daily activities, including 

such tasks as housekeeping, childcare, informal care, or voluntary services.  

These latter activities are typically referred to as unpaid work. Unpaid work is defined as a set of productive activities 

performed without monetary remuneration that  could be carried out by a third person instead, e.g., by a hired 

housekeeper (Reid, 1934). Like paid work, unpaid work contributes to a societyôs prosperity (Krol et al., 2016; Miranda, 

2011). 

We use a set of different labor market and national accounts statistics to determine the losses in paid and unpaid work 

hours that occur during hospitalization, rehabilitation, or premature death associated with ASCVDs. This data refers to 

the German population and is age and gender specific. Unlike the health-related data, the data sources on 

socioeconomic parameters do not offer stratification on a regional level and are often limited in terms of a catch-all 

category for older age groups. An overview of the health data sources, and socioeconomic input parameters used in 

the main part of our analysis, the so-called base case, is shown in the appendix (Annex 1).  

The performed calculation steps and respective data sources are summarized in the following section. Analyses are 

carried out using R version 4.0.3 (2020-10-10) (R Core Team, 2020), RStudio Version 1.4.1103 (RStudio Team, 2021), 

and Microsoft Excel 2016. 

2.1.1 Calculating the value of lost productive time 

The health and socioeconomic burden is calculated sequentially. The calculation consists of four main steps (Figure 

1). As the starting point of our analysis, we determine the number of death cases, inpatient hospitalizations and 

rehabilitations due to each included ASCVD diagnosis in 2019 (Statistisches Bundesamt (Destatis), 2021b, 2021c, 

2021g, 2021d).  

Figure 1: Stylized depiction of the main steps for estimating the burden of ASCVDs 

In a second step, we assess the associated number of days spent in hospitals and in rehabilitation facilities based on 

the same sources and calculate the years of life lost (YLL) due to premature mortality. The concept of YLL is based on 

the life expectancy at a certain age. The difference between the estimated remaining life expectancy in years 

(Statistisches Bundesamt (Destatis), 2021e) and the actual age at the time of death (Statistisches Bundesamt 
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(Destatis), 2021d) is reported as the number of YLL. The number of disease events, the lost life years, and the time 

that patients spend in a healthcare facility constitute aspects of the health burden of ASCVDs. 

In a third step, we calculate the average potential for productivity in the respective age and gender groups according 

to paid and unpaid working volume in the German population. We use data on the employment rate (Eurostat, 2021), 

on average actual working hours (Institut für Arbeitsmarkt- und Berufsforschung (IAB), 2021), and from the German 

Time Use Survey (Statistisches Bundesamt (Destatis), 2017b) to determine the average age and gender specific hours 

of paid and unpaid work performed each day. We multiply these hours by the number of hospital and rehabilitation 

days to determine the overall productivity loss associated with these health outcomes. To calculate the productivity 

losses due to YLL, we determine in which age groups the remaining life expectancy falls based on the age at the time 

of death. Assuming that productivity patterns (age and gender specific employment rate, hours worked, amount of 

unpaid work) in the future will not differ from the current status quo, we then value the YLL at the average annual 

working volume of the corresponding age group. 

In a last step, we attach a monetary value to productivity loss by applying the human-capital-approach. The human-

capital-approach treats labor as an asset and considers poor health as a loss in production (potential) to the economy 

over the remaining productive lifetime. The loss in human capital is measured as the present value of lost time. Thus, 

the lost hours of paid work were valued at the average gross hourly wage (Statistisches Bundesamt (Destatis), 2021f). 

The hours of unpaid work were valued according to the replacement cost approach with specialistôs wage (also known 

as proxy good approach). That is, unpaid work activities were assigned to the industry sector of their closest market 

substitute and valued at the respective gross hourly wage (Hofmann, 2015; Statistisches Bundesamt (Destatis), 2021f). 

The monetary value of productivity losses associated with YLL are then discounted with a discount rate of 3.0%. 

2.1.2 Adjustment for population size, age distribution, and 

gender ratio between the German federal states 

We obtain all data on the included health outcomes stratified by federal state and estimate the health and 

socioeconomic burden at this regional level. That is, we determine the number of hospitalizations, rehabilitations, and 

death cases, as well as the number of productive hours lost for each of the 16 German federal states. 

While these figures represent the burden of ASCVDs in each federal state in absolute terms, such a comparison does 

not provide much informative value. Because of the differences in population size between federal states, the total 

number of ASCVD-related events differs considerably. In addition, the population of the federal states differs in age 

and gender distribution (Figure 2). Most notably, the population of the new states is characterized by an older 

demographic. Overall, there is a higher share of women than men over the age of 65 in all federal states. 

To enable a tentative comparison between federal states of different population sizes, results on the health burden of 

ASCVDs are additionally presented as a crude rate per population of 100,000. We use the average population in 2019 

in each federal state for determining these crude rates for each health outcome. The average population in 2019 is 

calculated by taking the mean values of the cutoff dates December 31, 2018, and December 31, 2019, which are both 

projections based on the most recent census of 2011 (Statistisches Bundesamt (Destatis), 2021a). 

The calculated crude rates are also adjusted for age and gender distribution in a second step. We use the Revised 

European Standard Population 2013 (ESP 2013) as a reference population (European Union, 2013). The ESP 2013 is 

a fictitious population distribution. Women and men are assumed to have an identical age distribution with a gender 

ratio of 1:1.  

Thus standardized rates can be compared between federal states as well as between European countries as 

commonly done in health reporting (Gesundheitsberichterstattung des Bundes, 2021). However, many relevant impact 

factors on health in general and on ASCVDs in specific are still not accounted for after such an adjustment ï which is 

why standardized rates and differences between regional entities must be interpreted with caution. Due to the focus 
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on adults 20 years and older in this study, a minor underestimation in standardized rates compared to studies including 

children and adolescents can be assumed.  

Results on the socioeconomic burden are further presented as a crude rate per population of 100,000 in addition to the 

results in absolute terms (total number). We do not report standardized rates of productivity loss. Since the 

socioeconomic burden estimate is based on input parameters for the overall German population, this would not provide 

an added informative value. 

Figure 2: Share of persons 65 and older in the adult population in each federal state for 2019 

 

Source: Own calculation based on data provided by Statistisches Bundesamt (Destatis) (2021a). Rounded numbers. 

2.1.3 Alternative scenarios to test model robustness 

To test the robustness of the base case results, we estimated the socioeconomic burden while varying certain input 

values one at a time. Comparing the results of alternative scenarios against our base case provides information about 

the impact of uncertainty around the main socioeconomic input parameters and assumptions. Such a comparison also 

indicates how a chosen methodological approach influenced the results. 

We formulated eleven alternative scenarios to the base case (Table 2). These scenarios represent  

Á different assumptions on the productivity potential within the relevant population, 

o employment rate of persons 65 and older is zero (no paid work) 

o average working volume in both paid and unpaid work activities is reduced by 20% (health-related 

work impairment) 

Á different time horizon for which productivity losses are considered, 

o friction-cost-approach applied with an average friction period of 127 days in 2019 (Bundesagentur 

für Arbeit (BA), 2020) 

Á different approaches to monetarize productive time, 

o minimum wage in Germany of ú 9.60 (as of July 1, 2021) 

o gross compensation of employees per day according to Hannoveraner Konsens (von der 

Schulenburg et al., 2008) of ú 123.19 in 2019 (Statistisches Bundesamt (Destatis), 2020b)
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Table 2: Alternative scenarios for estimating the socioeconomic burden with varied  assumptions or input parameters 

 

Note: The term employment rate stands for the economically active population as percentage of the total population, also known as activity rate. 

 

Scenario Employment rate Working time Unpaid work Monetary value paid 

work 

Monetary value 

unpaid work 

Discount rate for 

monetary value of 

YLL 

Base case 

scenario (see 

Annex 1) 

Same as German 

population (2019) 

Same as German 

population (2019) 

Same as German 

population (2012) 

Average gross wage 

(2019) ú 27.75 

Replacement cost with 

specialistôs gross wage 

(2019) 

3.0% 

Retirement at 65 No paid work for ages 

65 years and older 

No paid work for ages 

65 years and older 

Base case scenario Base case scenario Base case scenario Base case scenario 

Reduced paid 

work 

Base case scenario Reduced paid work 

volume -20% 

Base case scenario Base case scenario Base case scenario Base case scenario 

Friction-cost-

approach 

Friction period of 127 

days 

Friction period of 127 

days 

Base case scenario Base case scenario Base case scenario Base case scenario 

Reduced unpaid 

work 

Base case scenario Base case scenario Reduced unpaid work 

volume -20% 

Base case scenario Base case scenario Base case scenario 

Minimum wage Base case scenario Base case scenario Base case scenario Minimum wage ú 9.60 Minimum wage ú 9.60 Base case scenario 

Recommendation 

in Hannoveraner 

Konsens 

Base case scenario Evaluation of lost 

days, not working 

hours 

Base case scenario Gross compensation 

of employees per day 

ú 123.19 

Base case scenario Base case scenario 

Generalist wage Base case scenario Base case scenario Base case scenario Base case scenario Replacement cost with 

generalistôs gross 

wage ú 19.07 

Base case scenario 

Gross value 

added (GVA) 

Base case scenario Base case scenario Base case scenario GVA per working 

hour ú 54.78 

Replacement cost with 

specialistôs GVA 

Base case scenario 

Discount rate 0% Base case scenario Base case scenario Base case scenario Base case scenario Base case scenario 0.0% 

Discount rate 5% Base case scenario Base case scenario Base case scenario Base case scenario Base case scenario 5.0% 

Minimum-

productivity-loss 

No paid work for ages 

65 years and older 

Reduced paid work 

volume -20% 

Reduced unpaid work 

volume-20% 

Minimum wage ú 9.60 Minimum wage ú 9.60 5.0% 
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o replacement cost approach with generalist wage, i.e., ú 19.07 for health and care professions  

(Statistisches Bundesamt (Destatis), 2020a) 

o gross value added (GVA) per working hour of ú 54.78 (Statistisches Bundesamt (Destatis), 2020b) 

Á different discount rates for future productivity losses associated with YLL (0.0%, 5.0%). 

As information on the uncertainty around work impairment in patients who suffer an ASCVD diagnoses compared to 

the German population average was not available, paid and unpaid working volume were varied by 20%. Calculations 

with minimum wages for paid and unpaid work were included to provide lower-bound estimates of the socioeconomic 

burden in monetary terms. We did, however, also include a minimum-productivity-loss scenario, in which all main 

socioeconomic input parameters were varied simultaneously. This scenario is intended to show a minimum estimate 

of the socioeconomic burden of ASCVD if the main input parameters were all to deviate in the direction of a smaller 

productivity loss in reality.  

2.2 Results on the health and socioeconomic burden 

Figure 3: Overview of the results on the health and socioeconomic burden of ASCVDs in Germany for 2019 

 

Source: Own calculation. Rounded numbers. 

2.2.1 The highest overall health burden is with men, but 

women account for the most deaths and inpatient care 

in the oldest age groups 

In 2019, a total of 1.1 million inpatient hospitalizations, 174,005 rehabilitations, and 158,359 deaths were attributed to 

one of the ten selected ASCVD diagnoses. These events were associated with approximately 8.3 million days spent in 

a hospital and 4.4 million days spent in a rehabilitation facility. Approximately 1.6 million years of life were lost 

(undiscounted) to premature mortality. This equates to an average of 9.9 YLL per registered death case.  

The gender specific distribution of the health burden shows that the highest number of ASCVD-related events is found 

in men: 696,153 hospitalizations (63.7%) in men and 396,810 in women (36.3%), 116,268 rehabilitations (66.8%) in 

men and 57,737 in women (33.2%), 83,505 deaths in men (52.7%) and 74,854 in women (47.3%). The number of YLL 

is also higher in men with 923,806 YLL (58.9%) and 643,723 YLL (41.1%) in women. This reflects a higher share of 

deaths occurring under the age of 65 in men (12.6%) than in women (3.7%). 

More detail on the total number of events and length of stay (in days) is shown by age, gender, and primary diagnoses 

in Figure 4: Here it is clear that among the included diagnoses, ischemic heart diseases (ICD-10-GM codes I20-I25) 

are responsible for the highest number of deaths and hospitalizations in men and women. While this is also the case 
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for rehabilitations in men, cerebral infarction (ICD-10-GM codes I63, I64, I69) accounted for most rehabilitations in 

women. Figure 4 also shows that although there were over six times more ASCVD-related hospitalizations in 2019, 

days spent in rehab make up 34.8% of the overall time loss of patients, that is time spent in short-term inpatient care. 

This can be explained by differences in the average length of stay: 7.6 days for an inpatient hospitalization and 25.5 

days for a rehabilitation. Finally, the absolute number of fatalities rises with increasing age. For men, however, the most 

deaths occur in the age group 80-84 years. When depicting the health burden in relative numbers for different age 

groups (as a crude rate per population of 100,000), the highest mortality rates are observed in the oldest age group 

(see Annex 2 in the appendix). 

2.2.2 The socioeconomic burden mainly affects unpaid work 

activities 

The socioeconomic burden of ASCVDs overall and per case is shown in Table 3. Hospitalizations and rehabilitations 

due to ASCVD correspond to an estimated 14.4 million hours of paid work lost. This is equivalent to 0.9 hours of paid 

work lost per day spent in a hospital and 1.6 hours lost per day spent in a rehabilitation facility. The difference in time 

lost per day between hospitalization and rehabilitation is due to two factors: Patients in rehab are younger on average, 

and the mean length of stay is more than three times as long (25.5 days) than in hospital (7.6 days). In addition, these 

inpatient stays correspond to 40.6 million hours of unpaid work lost. That is 3.2 hours per day that a patient would 

otherwise spend on productive activities such as housekeeping, childcare, or volunteering. Three-quarters (73.9%) of 

the estimated productivity loss due to hospitalizations and rehabilitations in 2019 relates to these unpaid work activities.  

YLL correspond to losses in productive potential of 159.5 million hours of paid work and 1.8 billion hours of unpaid 

work. This means that each death is associated with 1,007 hours of lost productivity potential in paid work and 11,219 

hours in unpaid work. Reflecting the underlying age distribution and the relatively small proportion of deaths and 

inpatient care in age groups engaged in paid work, over 90% of the overall estimated socioeconomic burden relates to 

unpaid work activities. This result highlights the importance of including unpaid activities in such types of analyses. 

Valuing the aggregated losses in paid and unpaid work in terms of average gross wage corresponds to a monetary 

impact of ú 1.1 billion associated with hospitalization and rehabilitation. The monetary value of foregone productivity 

potential over YLL is estimated at ú 23.4 in the base case scenario. 

Table 3: Socioeconomic burden associated with ASCVD diagnoses in 2019 

 
Paid and unpaid work productivity 

lost [in hours] 
Monetary value of productivity 

losses* [in Euro] 

Productivity loss associated with Paid work Unpaid work Paid work Unpaid work 

Inpatient hospitalizations 

Per case 

7.4 m hours  

6.8 hours 

26.6 m hours 

24.4 hours 

ú 205.0 m 

ú 187 

ú 485.5 m 

ú 444 

Rehabilitations 

Per case 

7.0 m hours  

40.2 hours 

14.0 m hours 

80.4 hours 

ú 194.2 m 

ú 1,116 

ú 258.7 m 

ú 1,486 

Years of life lost 

Per death case 

159.5 m hours  

1,007 hours 

1.8 bn hours 

11,219 hours 

ú 2.0 bn 

ú 12,927 

ú 21.4 bn 

ú 134,905 

 
Source: Own calculations based on data provided by Statistisches Bundesamt (Destatis), Eurostat, and Institut für Arbeitsmarkt- 
und Berufsforschung (IAB) (see section 2.1). Rounded numbers.  
*Monetary value of productivity losses associated with premature mortality are discounted with a discount rate of 3.0%.  
m: million; bn: billion 
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Figure 4: Health burden associated with selected ASCVD diagnoses in 2019 

 

 

 

 

 

 

 

 

 

 
Source: Own calculations based on data provided by Statistisches Bundesamt (Destatis) (see section 2.1). Rounded numbers.  
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2.2.3 Results for the German federal states 

Hospitalizations, rehabilitations, and death cases due to an ASCVD diagnoses in each federal state for 2019 are shown 

in Figure 5, Figure 6, and Figure 7. The federal states North Rhine-Westphalia, Bavaria, and Baden-Württemberg, 

which have the largest surface area and population size, show the highest total numbers of inpatient hospitalizations, 

rehabilitations, and death cases. The lowest total number of inpatient hospitalizations, rehabilitations, and death cases 

is observed in the city state Bremen. 

However, looking at the crude rates per 100,000, we see a different picture in terms of relative health burden (regardless 

of population size). The city state Bremen and the small federal state Saarland, followed by Saxony-Anhalt, have the 

highest rates of inpatients hospitalization. Saxony-Anhalt, Saarland, and Thuringia have the highest rates of 

rehabilitations. Saxony-Anhalt, Saxony, and Mecklenburg-Western Pomerania show the highest mortality rates due to 

ASCVDs. Baden-Württemberg shows the lowest rate for inpatient hospitalizations, and the Hanseatic City of Hamburg 

shows the lowest rate for rehabilitation and death cases. 

After adjusting for age distribution and gender ratio according to the ESP 2013, Bremen, Berlin, and Saarland are the 

top three federal states with the highest standardized rates of inpatient hospitalization. Saarland, Saxony-Anhalt, and 

Thuringia have the highest standardized rates of rehabilitations. Saxony-Anhalt, Mecklenburg-Western Pomerania, and 

Saxony show the highest standardized rates of ASCVD mortality. In contrast, Saxony shows the lowest standardized 

rate of inpatient hospitalizations. The lowest standardized rates for rehabilitation and mortality are observed in the 

Hanseatic City of Hamburg. An overview of number of hospitalizations, rehabilitation, and death cases due to an 

ASCVD diagnoses in each federal state can be found in the appendix (Annex 3). 

The estimated socioeconomic burden in paid and unpaid work hours lost due to ASCVD diagnoses in 2019 in each 

federal state and the respective monetary value are presented in Table 4. 

2.2.4 Robustness to changes in main assumptions 

The sensitivity of the estimated monetarized socioeconomic burden concerning the uncertainty around our main input 

parameters and assumptions is depicted in Figure 8. The bar charts can be interpreted similarly to a tornado diagram: 

Each bar represents an alternative scenario estimate of the monetarized socioeconomic burden. The bars are ordered 

so that the scenario with the largest positive divergence from the base case scenario (higher estimate) appears at the 

top of the chart. The scenario with the largest negative divergence from the base case scenario (lower estimate) 

appears at the bottom of the chart.  

The illustrations in Figure 8 show that, apart from the worst-case scenario, the chosen monetary measure of work 

productivity (GVA per working hour vs. minimum wage per working hour) introduces the highest level of uncertainty in 

our calculation. The results are more stable to changes in the assumptions on working volume, for example, the 

employment rate after age 65. 
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Figure 5: Health burden in each federal state for 2019 (absolute number of cases) 

 

Figure 6: Health burden in each federal state for 2019 (crude rate per 100,000 inhabitants) 

 

Figure 7: Health burden in each federal state for 2019 (standardized rate per 100,000 inhabitants) 

 
 
Source: Own calculations based on data provided by Statistisches Bundesamt (Destatis), Eurostat, and Institut für Arbeitsmarkt- 
und Berufsforschung (IAB) (see section 2.1). Rounded numbers. 
Results were adjusted for age distribution and gender ratio according to the European Standard Population (European Union, 2013) 
to present the standardized rate per 100,000 inhabitants. 
 
























































