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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 (€1.1 billion) and 1.9 billion hours (€23.4 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. 
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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 

▪ Provide reliable and up-to-date figures 

▪ 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 

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

CVDs 

▪ 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 society’s 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 specialist’s 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 – 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  

▪ 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) 

▪ 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) 

▪ different approaches to monetarize productive time, 

o minimum wage in Germany of € 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 € 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) € 27.75 

Replacement cost with 

specialist’s 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 € 9.60 Minimum wage € 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 

€ 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 

generalist’s gross 

wage € 19.07 

Base case scenario 

Gross value 

added (GVA) 

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

hour € 54.78 

Replacement cost with 

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

(Statistisches Bundesamt (Destatis), 2020a) 

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

▪ 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 € 1.1 billion associated with hospitalization and rehabilitation. The monetary value of foregone productivity 

potential over YLL is estimated at € 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 

€ 205.0 m 

€ 187 

€ 485.5 m 

€ 444 

Rehabilitations 

Per case 

7.0 m hours  

40.2 hours 

14.0 m hours 

80.4 hours 

€ 194.2 m 

€ 1,116 

€ 258.7 m 

€ 1,486 

Years of life lost 

Per death case 

159.5 m hours  

1,007 hours 

1.8 bn hours 

11,219 hours 

€ 2.0 bn 

€ 12,927 

€ 21.4 bn 

€ 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. 
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Table 4: Estimated paid and unpaid work hours lost due to ASCVD diagnoses in each federal state with the respective monetary value (2019) 

 
Work hours lost - inpatient 

hospitalizations and 
rehabilitations [in hours] 

Monetary value of productivity 
losses - inpatient hospitalizations 

and rehabilitations [in Euro] 

Work hours lost - premature 
mortality [in hours] 

Monetary value of productivity 
losses - premature mortality* 

[in Euro] 

Federal state 
Absolute 
number 

Crude rate per 
100,000 

Absolute 
number 

Crude rate per 
100,000 

Absolute 
number 

Crude rate per 
100,000 

Absolute 
number 

Crude rate per 
100,000 

Schleswig-Holstein 1,807,348 76,372 37,704,021 1,593,228 73,963,980 3,125,435 888,722,120 37,553,998 

Hanseatic City of Hamburg 1,120,809 74,659 23,058,301 1,535,951 30,033,027 2,000,549 366,514,364 24,414,125 

Lower Saxony 5,155,626 79,519 107,632,163 1,660,100 212,458,665 3,276,925 2,560,310,430 39,489,780 

Bremen 556,137 99,816 11,469,928 2,058,631 16,643,924 2,987,263 199,526,286 35,811,116 

North Rhine Westphalia 12,413,568 85,262 257,761,986 1,770,432 358,299,864 2,460,974 4,350,564,085 29,881,740 

Hesse 4,010,436 78,678 83,352,974 1,635,235 137,575,836 2,698,990 1,677,550,242 32,910,514 

Rhineland-Palatinate 2,630,966 78,720 54,965,347 1,644,585 102,291,162 3,060,593 1,235,415,201 36,964,120 

Baden-Württemberg 6,488,646 72,315 135,341,696 1,508,360 216,198,599 2,409,496 2,628,727,580 29,296,713 

Bavaria 7,765,776 72,719 161,521,932 1,512,492 270,769,927 2,535,491 3,282,994,628 30,741,985 

Saarland 951,408 115,440 19,863,785 2,410,183 29,211,849 3,544,435 352,509,697 42,771,946 

Berlin 2,123,558 70,941 43,708,101 1,460,134 77,055,378 2,574,150 910,940,080 30,431,314 

Brandenburg 2,110,905 101,475 43,539,174 2,093,016 75,043,418 3,607,489 904,915,739 43,501,131 

Mecklenburg-Western Pomerania 1,258,036 94,071 26,434,301 1,976,656 57,144,638 4,273,059 679,749,035 50,829,046 

Saxony 2,778,731 82,569 57,099,261 1,696,690 131,079,966 3,895,008 1,603,207,632 47,638,914 

Saxony-Anhalt 1,945,597 105,564 40,596,791 2,202,695 82,404,210 4,471,076 982,069,232 53,284,973 

Thuringia 1,895,410 106,574 39,254,603 2,207,190 65,926,570 3,706,889 786,934,907 44,247,412 

Total 55,012,956 - 1,143,304,363 - 1,936,101,011 - 23,410,651,257 - 

Average value - 87,168 - 1,810,349 - 3,164,239 - 38,110,552 

 

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%.
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Figure 8: Socioeconomic burden in monetary terms in alternative scenarios compared to the base case estimate 

 

Socioeconomic burden in monetary terms – Estimate for hospitalizations and rehabilitation cases 

 

Socioeconomic burden in monetary terms – Estimate for death cases (YLL) 

 

 
Source: Own calculations based on data provided by Statistisches Bundesamt (Destatis), Eurostat, and Institut für Arbeitsmarkt- 
und Berufsforschung (IAB), and other sources (see section 2.1). Rounded numbers. 
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2.3 Interim conclusion and limitations 

In this study, we quantified the health and socioeconomic burden of ASCVD diagnoses, namely ischemic heart 

diseases, cerebral infarction and sequelae, and atherosclerosis, in the adult German population for 2019. Cases among 

children and adolescent were not considered. This is relevant to keep in mind when comparing our results to studies 

that include the whole population. However, no large variations in mortality rates, hospitalizations, and rehabilitation 

are to be expected, since ASCVDs rarely occur at a younger age. 

We considered disease events attributed to ten diagnoses separately for the 16 German federal states and accounted 

for losses in paid and unpaid work activities. To date, no studies were identified that quantify and monetarize both types 

of productivity loss due to ASCVD in Germany. Because ASCVD-related events disproportionally affect older age 

groups, focusing only on paid work would have ignored an important aspect of the socioeconomic burden. Thus, 

potentially underestimating the economic and societal benefits that disease prevention can have. 

The results of must be interpreted in acknowledgment of several limitations. First, our estimate of the health and 

socioeconomic burden is based on inpatient hospitalizations, rehabilitation, and death cases as relevant health 

outcomes. This approach allowed us to use highly reliable data, namely hospital diagnosis and rehabilitation facilities 

records, and cause of death statistics, as the model foundation. These data sources also offered a high degree of age 

and gender specific stratification at federal state level, which allowed the consideration of regional differences. However, 

the chosen health outcomes only represent part of the actual ASCVD burden. Hospitalization, rehabilitation, and death 

are severe disease events that do not allow statements on outpatient care. That is, patients with less sever disease 

forms or patients that have been diagnosed in the past and are now treated by a general practitioner or specialist 

outside the hospital. Beyond the included health outcomes, the burden of ASCVDs extends to permanent functional 

impairment and reduced quality of life. Therefore, our estimates may be interpreted as the core of hard evidence 

concerning the disease burden. 

Other main limitations relate to the applied assumptions and input parameters. Data on socioeconomic input 

parameters for older age groups are relatively scarce and often limited in terms of a catch-all category for ages above 

a certain age. We assumed that data for a catch-all age category is similarly valid for all covered age groups. Therefore, 

we did not account for a potential bias for age groups 80 and older, who represent a substantial share of those suffering 

an ASCVD-related event. An equally important model assumption relates to the concept of YLL. We used the respective 

German population estimates on average life expectancy at a certain age to quantify the YLL due to ASCVDs. It is 

however plausible that a greater than average share of those dying due to an ASCVD diagnoses suffered from a pre-

existing condition. In general, assumptions become increasingly unreliable for longer time horizons into the future. The 

COVID-19 pandemic introduces an additional degree of uncertainty to relevant health and socioeconomic parameters. 

Like the previous point, this may relate to the estimated life expectancy at a certain age. However, it may also relate to 

assumptions about the counterfactual lives of deceased individuals and their productivity at different ages, which were 

necessary to calculate the productivity loss associated with premature mortality.  
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3 The role of the COVID-19 

pandemic for CVDs 

 

Since the beginning of the year 2020, Germany among many countries in the world was confronted with the severe 

acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) and the concomitant COVID-19 pandemic. Due to the 

novelty of the disease, questions concerning comorbidities, risk factors and long-term effects resulting from a SARS-

CoV-2 infection arose. Similarly, the pandemic situation has changed the daily lives of many people, as countries 

implemented stay-at-home orders, asked people to work from home, reduce their social contacts and more. We 

conducted a literature review aimed to answer how the COVID-19 pandemic could affect CVD risk in general and the 

risk for more severe disease outcomes in people with a pre-existing CVD in Germany. We further divided our research 

question in sub-questions to account for different mechanisms that might be at play. 

Our analysis shows heterogenous results in the three areas under consideration, that is behavioral changes in lifestyle 

risk factors stemming from the new pandemic situation, healthcare seeking and provision, and post-acute implications 

of a SARS-CoV-2 infection. Our analysis was based on peer-reviewed journal articles, limiting the evidence to draw 

from to the early stages of the pandemic. With the progress of the ongoing pandemic, more data will be available in the 

future and long-term trends may be observed when the time horizon under consideration will increase. 

The chapter is structured in the following way: First, we explain the hypothetical relationship between COVID-19 and 

CVDs and state the research questions that were developed for our analysis. In the next step, we describe the method 

of our literature review and elaborate on our inclusion and exclusion criteria. In the third subchapter we summarize the 

results. Lastly, we discuss what can be inferred from our analysis and the limitations of our literature review are debated. 

3.1 Hypothetical relationship between COVID-19 and 

CVDs and resulting research questions 

Early evidence suggests that the COVID-19 pandemic could lead to an increase in CVD risk factors, both via SARS-

CoV-2 infection and behavioral changes, and increase the risk for severe CVD outcomes in patients with a pre-existing 

condition (Mattioli et al., 2020; Woods et al., 2020; Zeymer et al., 2021; Saleh et al., 2020; Böhm et al., 2020). Therefore, 

our literature search aims at answering the following research question:  

What are the (future) effects of the COVID-19 pandemic on CVD risk and on the risk for more severe CVD 

outcomes in Germany?  

In a preliminary literature screening, we identified behavioral changes due to the pandemic situation and being infected 

with COVID-19 as the most relevant possible connections between the COVID-19 pandemic and CVDs. The assumed 

effect mechanisms in each case are shown in Figure 9 and Figure 10.  
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Figure 9: Possible effect mechanisms of the COVID-19 pandemic on CVDs 

 

 

 

 

 

 

 

 

 

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

 

 

 

 

 

 

 

On this basis, we formulate the following four sub-questions to guide the literature search: 

a) What effect does the COVID-19 pandemic situation have on treatment decisions of patients and on healthcare 

provision? 

b) What effect does the COVID-19 pandemic situation have on people’s lifestyle regarding known and 

preventable behavioral risk factors for CVDs? 

c) What effect does a SARS-CoV-2 infection (post-acute) have on risk for CVDs? 

d) What effect does a SARS-CoV-2 infection (post-acute) have on the risk for severe CVD outcomes in patients 

with a pre-existing CVD? 

3.2 Methods description of literature review 

While the literature review on COVID-19 and CVDs is not a stand-alone study, a systematic and comprehensible 

approach is still necessary. Therefore, we apply a mixed approach of following the general principles of a systematic 

literature review but adapting procedures to suit the scope and timeline of this study. This approach may in some 

instances resemble a scoping review (Munn et al., 2018). However, while the evidence on COVID-19 is still emerging 

and growing, we aim to consider the quality of the existing evidence, its informative value and generalizability. These 

factors thus require a systematic literature approach (Munn et al., 2018). 
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3.2.1 Search strategy and selection criteria 

Building on keywords used in the relevant articles from the preliminary literature screening and adding terms from the 

Medical Subject Headings (MeSH) vocabulary, we set up a list of search keywords. We assigned keywords to the 

following main categories: 

(1) COVID-19 (including both the infection and the pandemic situation) 

(2) Cardiovascular disease 

(3) Healthcare provision and utilization (treatment decisions) (indirect link) 

(4) Lifestyle changes as a risk factor for cardiovascular diseases (indirect link) 

(5) Geographic location 

Keywords within each main category and the search strategy were tested in a trial run of the literature search and 

adapted subsequently. The final list of keywords can be found in the appendix (Annex 4). 

PubMed database was searched using a combination of keywords from the main categories for each sub-question: 

Each keyword from a main category was combined with each keyword from the other main categories at a time, i.e., 

keywords within a category were connected via the Boolean operator OR, while the main categories were connected 

via the operator AND. Different word spellings and singular/plural forms were accounted for. For example, to answer 

sub-question a) “What effect does the COVID-19 pandemic situation have on treatment decisions of patients and 

healthcare provision?“ we ran a search query on the keywords within main categories 1, 2, 3, and 5: 

“COVID-19 AND Cardiovascular disease AND Healthcare AND Geographic location (Germany)” 

The literature search in PubMed was performed on August 31, 2021. The query translates can be found in the appendix 

(Annex ). The exported citation records were used in a second step, namely the title and abstract screening. For this 

step, each PubMed record was independently screened by two reviewers. Both reviewers collected information that 

could be gathered from the title and abstract of an article. Various information was obtained in this process with the 

aim of deciding whether the article meets the inclusion criteria or should be excluded (Annex 7). 

The inclusion and exclusion criteria were defined before the retrieval of the abstracts. They were continuously refined 

and amended during the title and abstract screening and later during the full-text retrieval.  

 

Inclusion criteria 

▪ Date: Published between Jan 01, 2020, and Aug 31, 2021 

▪ Language: English and German 

▪ Peer-reviewed journal article 

▪ Geographic location: Germany (only applied to articles on 

healthcare and lifestyle aspects) 

▪ Study population: Adults (18 years and older) 

▪ COVID-19 as independent or explanatory variable 

Exclusion criteria 

▪ Study population is very specific and may not be used to 

infer or generalize information for the German population 

(e.g., professional athletes) 

▪ Article type: Position paper /opinion, commentary, 

treatment guidelines, study protocols, and conference 

proceedings 

▪ Case reports or case studies with sample size of n <100 

patients (only applied to articles on healthcare and lifestyle 

aspects) 
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▪ Dependent variable or reported outcome is mental health 

/stress, or not a known risk factor for CVD 

▪ COVID-19 infection as dependent variable 

▪ Study design does not allow pre/post-COVID-19 pandemic 

comparison (no inference on causality possible) 

▪ Relevant limitations in article quality (e.g., article does not 

describe method of data collection, sample shows relevant 

bias) 

 

Differences in Google Scholar search and abbreviated abstract pre-screening 

We used Google Scholar as an additional database and search engine to allow for peer-reviewed articles not listed in 

PubMed and for grey literature with a high relevance for Germany. When performing a systematic literature search via 

Google Scholar, however, there are specific features to be aware of: The search string is limited to approximately 220 

characters. Thus, the number of keywords is limited. As a result, we used by far less keywords in the Google Scholar 

search compared to the search in PubMed and did not check for different spellings. The underlying search algorithm is 

not publicly available. For this reason, the list of keywords and their combination were determined via trial and error. 

Furthermore, there are only few advanced search settings, generating many duplicate records and unsuitable search 

results. Due to these limitations, we decided to use Google Scholar primarily as a supplemental source for German-

language articles. The search strings with Boolean operators differ from the previously in PubMed used combinations 

(Annex 8, Annex 9). Because of the German-language keywords, we used ”any language“ as a search setting. 

Due to the large number of hits and rapidly decreasing relevance for our research questions, two reviewers performed 

an abbreviated title and abstract pre-screening of the first three search pages (equivalent to 60 records). In a second 

step, articles identified as relevant were categorized in Google libraries according to the search queries performed on 

September 14, 2021, and October 1, 2021, for the four sub-questions a), b), c), and d). The searches are named by 

question and date. It should be noted that due to restrictions in search string length, two different queries were 

performed for question b). The exported citations records were then compared with those obtained via PubMed search 

and duplicates removed. The title and abstract screening then followed the same procedure as for PubMed records. 

3.2.2 Full-text retrieval and data extraction 

After the title and abstract screening, records that were assessed relevant for inclusion in the full-text retrieval obtained 

via PubMed and Google Scholar were pooled. At this stage of the review, every full-text article was assessed by one 

reviewer, who collected detailed information on the article content (Table 5). Inferences about future trends were of 

special interest to our research question. Therefore, information on the time horizon and timing of effects was retrieved 

if available. Since generalizability of study results for the German population is an important condition for deriving future 

trends, we appraised this characteristic of included studies during our full-text review. We discussed ambiguities within 

the team at several points during the full-text retrieval.  

It became clear during earlier stages of the review process, that a differentiation between articles answering research 

questions c) and d) was neither applicable nor useful. It was therefore discontinued at this stage of the review. 
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Table 5: Data collected during the full-text retrieval 

Category Specification 

Inclusion in full-text analysis Does this article provide information to answer one or more of our research 

questions? 

Exclusion criterion If article is excluded, which is the main reason /criterion 

Generalizability of results 

/informative value 

 

Study type or method e.g., clinical study, observational study, telephone survey 

Study population Describe main characteristics 

No. of patients /participants 

observed 

Sample size 

Exact disease (if applicable) e.g., ischemic stroke 

Observation period: Date Month and year, or calendar week and year 

Observation period: Phase 

of the COVID-19 pandemic 

Classification of pandemic phases in Germany according to Robert Koch 

Institute (Schilling et al., 2021; Tolksdorf et al., 2021) 

Key results Briefly describe key result(s) of the article (including effect size if applicable) 

Timing of mechanism or 

effect 

Does this article provide information on observed or assumed time between 

cause and effect? (e.g., instantaneously, delayed) 

Long-term trend What kind of long-time trend can be inferred (if any)? 

Characteristics of the study 

indicating good quality or 

high informative value 

Which characteristics positively distinguish the study? (e.g., balanced 

sample, large sample size) 

Limitations of the study Which characteristics limit the quality of the evidence? (e.g., convenience 

sample, recall bias, non-response bias) 

Country Articles on COVID-19 infection could refer to a country other than Germany 

Outcomes We collect information for each relevant outcome studied in an article: 

Hospital /emergency room admission rates 

Healthcare utilization, ambulatory care 

Survival rates /in-hospital mortality 

Length of hospital stay 

Hospital workflow and delay of treatment 

30-day rate of readmissions 

Functional outcome at discharge 

Operations /procedures 

Changes in severity of events 

Myocardial injury 

CVD mortality in general 

Comorbidities 

Bodyweight /BMI changes 

Physical activity levels 

Alcohol consumption levels 

Tobacco consumption levels 

Eating behavior (foods and drinks) 

Report key result or effect 

estimate 

At-risk groups Characterize at-risk groups (if applicable), for example, persons that showed 

an increased risk for negative behavioral changes 
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3.3 Results of the literature review  

3.3.1 Study characteristics 

In total, 423 potentially suitable article records were identified in the electronic databases. After identifying and removing 

duplicates, 391 abstracts were screened. Altogether 99 articles met the eligibility criteria for full-text retrieval and were 

assessed in full. Finally, 43 articles from our database searches were included in this analysis. An additional three 

articles were identified as relevant through reference screening (Figure 11). 

Of the final 46 articles, 30 articles covered aspects of healthcare utilization and provision, 12 covered aspects of lifestyle 

changes in CVD risk factors, and five articles covered CVD-related post-acute implications of a SARS-CoV-2 infection. 

In some cases, the same article covered multiple aspects. 

Fifteen of the included articles were published in 2020 and 31 in the year 2021. Forty-one were original research articles, 

three overview articles, one literature review, one was a meta-analysis, and one was classified as grey literature. 

The included original research articles represented different empirical study designs and were based on different types 

of data. Twelve of all included publications were surveys, 21 were based on claims data or other administrative records, 

four were single center studies, four were based on data from a disease registry.  

The German Robert Koch Institute published a retrospective classification of the pandemic phases in Germany 

(Schilling et al., 2021; Tolksdorf et al., 2021). These phases correspond approximately to a first wave from March to 

mid-May 2020 (phase 1), a summer period from mid-May to September 2020, a second wave from October 2020 to 

February 2021 (phase 3), and a third wave from March to June 2021 (phase 4). Of the final included empirical studies, 

40 covered (part of) the first wave in Germany. Of those, 18 studies also covered phase 2, and seven studies covered 

(part of) phase 3. Phase 4 was not observed in the included articles. 

Article characteristics differed greatly between articles that cover different aspects of the relationship between the 

COVID-19 pandemic and CVDs. For this reason, we decided to approach the full-text analysis as well as presentation 

of results differently for each sub-question. As can be seen by the various outcomes covered in the results section of 

this chapter, the reviewed articles answered different facets of our sub- questions. 

3.3.2 Results concerning healthcare provision and utilization 

Thirty articles were included in the full-text analysis to answer question a) “What effect does the COVID-19 pandemic 

situation have on treatment decisions of patients and healthcare provision?”. Each article covered at least one of the 

following aspects: patient characteristics of treated patients, comorbidities of patients, CVD mortality in general, 30-day 

rate of readmissions, functional outcome at discharge, changes in severity of disease, hospital workflow and delay of 

treatment, other healthcare utilization and ambulatory care, operations and procedures, length of hospital stay, survival 

rates /in-hospital mortality, and hospital admission rates. The latter was found to be the dominating outcome among 

the 30 included articles, with 22 of the articles covering this aspect. In the following, we provide a short overview over 

the information extracted from the publications in our literature review. The overview includes only selected articles and 

the results that were drawn from them specifically, as article quality and generalizability of results varied greatly between 

articles. A list of all articles covering each aspect can be found in the appendix (Annex 10). 
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Figure 11: Flow diagram on search results and review process 

 

 

No difference in patient characteristics 

In a nationwide representative study, Vollmuth et al. (2021) analyzed the impact of the COVID-19 pandemic on 

telemedical stroke consultation in Germany between March 24, 2020 and April 19, 2020 (“first lockdown”) and found 

no difference in stroke consultations in terms of patient characteristics such as patients’ gender, age, or stroke severity 

when comparing this time frame with the values from 2018 to 2019. 

Similarly, the study by Wienbergen et al. (2021) found no significant difference regarding gender, age and patients’ 

medical history when comparing patients treated for acute ST-elevation myocardial infarction (STEMI) when comparing 

patient characteristics between 2019 and 2020. 

Significant increase in comorbidities 

In a retrospective, observational study analyzing administrative data of 67 hospitals in Germany, König et al. (2020) 

found that among patients with the main diagnosis of heart failure the patients hospitalized in the time period March 13 

to May 21, 2020 had significantly more comorbidities compared both to the same year control and the previous year 

control. Patients with a proven COVID-19 infection were excluded from this analysis. 

Heterogeneous result for 30-day rate of readmissions and urgent hospital visits 

While König et al. (2020) observed an increase in the 30-day rates of urgent readmissions and urgent hospital visits 

for patients with the main diagnosis of heart failure (at discharge) compared to the same year control, they did not 

detect a significant change compared to the previous year control. 
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Increase in disease severity 

In a retrospective, observational study analyzing administrative data of 67 hospitals in Germany, König et al. (2020) 

found that among patients hospitalized with the main diagnosis of heart failure during the time period March 13 to May 

21, 2020 case severity increased significantly in comparison to the same year control and the previous year control 

respectively. Furthermore, intensive care treatment utilization significantly increased compared to both control groups 

respectively. 

Similarly, Mostert et al. (2021) found an increase in disease severity during the observation period from March to May 

2020, while using a different severity measure than König et al. (2020). The authors noted an increase in disease 

severity of 3.1% for heart failure and 7.2% for chronic ischemic heart disease, comparing to 2019, respectively. 

Furthermore, for heart failure there was a 2.5% increase in October 2020 compared to 2019.  

Adding to this, the analysis by Wienbergen et al. (2021)  found a significant drop in the proportion of patients who were 

admitted without any clinical signs of heart failure when comparing the figures from 2020 with those of 2006 to 2019. 

Their analysis further found an increased rate of in-hospital cardiac arrests in the observation period compared to the 

2006 to 2019 control. 

Heterogeneous results in terms of hospital workflow and delay of treatment 

In their nationwide cohort study, Richter et al. (2021a) did not detect changes in treatment quality between the 

observation period March 16 to May 15, 2020 and the two control periods (pre-pandemic control period from January 

16 to March 15, 2020 and previous year control period from March 16 to May 15, 2019). The authors conclude that AIS 

patients received the same high treatment quality as before the pandemic. 

Similarly, Scholz et al. (2020) did not detect a statistically significant change in medical help seeking behavior by 

symptomatic STEMI patients. Further, the authors find no statistically significant delay in the mean contact-to-door time 

when comparing March 2020 to the March months from 2017 to 2019. Therefore, they conclude that despite COVID-

19 precautions, there were no clinically relevant delays. In support of this, there was no statistically significant change 

in the mean door-to-balloon time during the observation period when comparing to the controls. The results remained 

stable in several statistical models with the only exception being a small but significant increase in the average time 

from arrival at the catheterization laboratory to vessel puncture detected in univariate analysis. As pointed out by the 

authors, only clinics participating in the "ongoing, multicenter, prospective Feedback Intervention and Treatment Times 

in ST-Elevation Myocardial Infarction (FITT-STEMI) study” were considered, limiting the generalizability of the result.  

Decrease in other healthcare utilization and ambulatory care 

Damerow et al. (2020) explain that healthcare utilization is generally subject to seasonal changes. Their cross-sectional 

study of people living in Germany found a statistically significant reduction in healthcare utilization for general 

practitioners and specialist care during calendar weeks 15 to 26 of 2020 compared to the 2019 control period. Similarly, 

for both telemedical consultations and telemedical stroke consultations a significant decline during the first wave of the 

pandemic was observed by Vollmuth et al. (2021). However, for teleconsultations the authors did find a partial rebound 

after the relaxation of COVID-19-related containment measures in Germany.  

Operations and procedures 

In their nationwide cohort study  Richter et al. (2021a) compared the use of time-dependent procedures such as 

intravenous thrombolysis (IVT) and mechanical thrombectomy (MT) between the observation period during the first 

wave of the pandemic (March 16 to May 15, 2020) and two control periods in Germany. There was a  pre-pandemic 

(January 16 to March 15, 2020) and a historical control (March 16 to May 15, 2019).The main diagnoses under 

consideration for the hospitalized patients were acute ischemic stroke (AIS), transient ischemic attack (TIA), or 

intracerebral hemorrhage (ICH) While the IVT rate in patients with AIS did not differ statistically significant between 

pandemic and the two control periods, a significantly higher MT rate during the pandemic compared to the historical 

control was reported. 

In a further analysis of use of treatment procedures for various time periods of 2020, the findings by Richter et al. 

(2021b) differed somewhat: On the one hand, IVT rates were significantly lower between October 1 and December 31, 

2020 when compared to the previous-year time period. On the other hand, similarly to the beforementioned findings 
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by Richter et al. (2021a), the authors found the MT rate in 2020 to be consistently higher than the one in 2019. The 

highest difference in MT rates was observed during the first wave of the pandemic. The authors did not detect 

statistically significant differences in IVT and MT rates between AIS patients with or without COVID-19. 

The analysis carried out by König et al. (2021) found a statistically significant reduction of cardiac procedures in their 

observation period from March 13 to September 10, 2020 in comparison to the previous year control. 

Further, Vollmuth et al. (2021) analyzed the trends in mean daily rate of recommendations for IVT and endovascular 

treatment as well as recommendation rates for IS patients. They observed a statistically significant decrease in mean 

daily recommendations rate to perform both for endovascular treatment and IVT during the first lockdown period (March 

16 to April 30, 2020), compared to previous months control (January 1 to March 15, 2020). The change in the rate of 

recommendations to perform either IVT or endovascular treatment in IS patient was non-significant.  

Significant decrease in hospital stay length 

Across various studies analyzing different time periods within 2020 and varying CVD diagnoses respectively, the 

reviewed studies found a significant decrease in the length of hospital stays. The degree of the decrease differed 

between the various studies (Bollmann et al., 2020; Bollmann, Hohenstein, et al., 2021; König et al., 2020; Mostert et 

al., 2021; Ueberham et al., 2021).  

The very comprehensive study carried out by Mostert et al. (2021) found that the length of hospital stay was shorter for 

urgent conditions such as MI, stroke, and TIA. However, this was not true for mostly postponable conditions such as 

heart failure and chronic ischemic heart disease during March to May 2020 when case severity increased. 

Mixed results for survival rates /in-hospital mortality 

Most of the reviewed articles found an increase in in-hospital mortality during the COVID-19 pandemic compared to 

same-year or previous year controls. This was true for different kinds of cardiovascular diseases or events.  

An increase in in-hospital mortality of 20% for patients admitted for heart failure observed by Bollmann et al. (2020) 

during the observation period from March 13 to April 30, 2020 compared to a same year control and a previous year 

control was statistically significant under univariate analysis. In another study, analyzing data for the period from March 

13 to December 12, 2020, Bollmann, Hohenstein et al. (2021) also found a significant increase in in-hospital mortality 

in CVD cases compared to the control period (same weeks in 2019). Adding to this, König et al. (2020) also observed 

an in-hospital mortality for acute heart failure patients that was significantly higher during the study period compared to 

both the same year control group and the previous year control group.  

While Richter et al. (2021a) studied patients with AIS and ICH, the observed trend remained the same. For both types 

of patients, the authors detected a significantly higher in-hospital mortality. Further, in a similar analysis, Richter et al. 

(2021b) also found that the proportion of AIS patients who died during the hospital stay was significantly higher during 

the first wave in 2020 as compared to the corresponding period in 2019 (8.0% vs. 7.5%, p = 0.021). 

However, an analysis by Behrendt et al. (2021) found mixed results: On the one hand, the authors detected a 

significantly increased in-hospital mortality for patients with acute stroke during the COVID-19 pandemic when 

compared to 2017 to 2019. On the other hand, changes in the in-hospital mortality for STEMI, NSTEMI, acute limb 

ischemia (ALI), aortic rupture, and transient ischemic attack (TIA) proved to be statistically non-significant. Similar 

results were found by Seiffert et al. (2020): While in-hospital mortality was significantly higher for patients admitted for 

stroke, it was not significantly different among patients admitted for other cardiovascular or cerebrovascular 

emergencies during the COVID-19 pandemic compared to pre-COVID-19 eras. 

Mixed results of impact of concurrent COVID-19 infection on in-hospital mortality 

In their nationwide cross-sectional study, Richter et al. (2021b) found that acute ischemic stroke (AIS) patients with 

concurrent COVID-19 showed a significantly higher in-hospital mortality rate during the observation periods March 

through May 2020, and October through December 2020, compared to AIS patients without COVID-19 infection. 

Furthermore, during the first and second waves of the pandemic intravenous thrombolysis (IVT) was done frequently 

in SARS-CoV-2 positively tested AIS patients. However, IVT application did not differ significantly between AIS patient 

with and without concurrent COVID-19.  
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Similarly, Behrendt et al. (2021) found a statistically significant higher in-hospital mortality for patients with a concurrent 

COVID-19 infection for acute stroke, ALI, and TIA. For SARS-CoV-2 positively tested patients suffering aortic rupture, 

STEMI, and NSTEMI, in-hospital mortality did not statistically significant differ from non-infected patients. 

Decrease in hospital admission rates 

Most of the articles in our review focused on changes in hospital admission rates due to the COVID-19 pandemic. 

Similarly to the aforementioned decrease in hospital stay length, a remarkable homogeneity in the trend of hospital 

admission rates can be drawn from the reviewed literature. Across different kinds of CVD diagnoses, time periods, and 

types of studies, authors report a decrease in hospital admission rates in comparison to same year or previous year 

controls, respectively (Bollmann et al., 2020), (Bollmann, Hohenstein, et al., 2021), (Bollmann, Pellissier, et al., 2021), 

(Günster et al., 2020), (König et al., 2020)  (König et al., 2021) (Mostert et al., 2021) (Rattka et al., 2021) (Richter et al., 

2021a) (Seiffert et al., 2020) (Ueberham et al., 2021) (Vacanti et al., 2020). The focus of these studies was mainly on 

the situation during the first pandemic wave in Germany. Decreasing admission rates were for example observed for 

heart failure emergency admissions (Bollmann et al., 2020) or myocardial infarction (Rattka et al., 2021). One study 

(Rattka et al., 2021) found that for an observation period after the first wave, hospital admission rates did show a 

rebound. In their comprehensive study, Mostert et al. (2021) observed a decrease for both urgent and mostly 

postponable conditions (heart failure and chronic ischemic heart disease) during the first wave in Germany. 

Summing up the results concerning healthcare provision and utilization, on the one hand, some developments seem 

to be following a homogeneous trend, such as the decrease in hospital stay length and hospital admission rates. On 

the other hand, other developments differ between studies, e.g., in-hospital mortality and delay of treatment. Various 

aspects were addressed under the research question, representing the broad spectrum of health care provision and 

utilization.  

3.3.3 Behavioral changes in lifestyle risk factors 

Twelve articles included in the full-text analysis covered aspects on question b) “What effect does the COVID-19 

pandemic situation have on people’s lifestyle regarding known and preventable behavioral risk factors for CVDs?”. 

Physical activity was the most studied outcome (10 articles). Other outcomes were weight gain, alcohol consumption, 

tobacco consumption, and food intake. In the following, we provide a short overview on the found evidence on each 

outcome. A list of all articles covering each aspect can be found in the appendix (Annex 11). 

Significant weight gain 

Between April and August 2020, a significant weight gain of approximately one kilogram and half a unit of body mass 

index (BMI) was measured in Germany compared to the previous year (Damerow et al., 2020). 

Mixed results on reduced physical activity 

In a cross-sectional survey in March 2020, men on average reported doing 1.4 hours less physical exercise per week, 

women on average reported 0.5 hours less physical exercise compared to data from October 2019 (Engels et al., 2021). 

The reported reduction in physical activity was statistically significant for both groups. 

In contrast, the results of another survey showed no significant decrease in physical activity in April 2020 compared 

with data from 2014 and 2015. However, individuals with children, lower education, and fewer personal resources, 

showed an increased risk of not meeting the WHO recommendation of 2.5 hours of physical activity per week during 

the first wave of the pandemic in Germany (Maertl et al., 2021). 

Heterogeneous results were shown in an analysis by Mutz & Gerke (2021): Of the survey respondents, 31% reported 

a decrease in physical activity, while 27% did not report any change in their physical activity level, and 6% did more 

exercise. The remaining 36% of respondents were not physically active either during or before the pandemic. With 

increasing age, respondents were more likely to report exercising less during the pandemic. 



25 

Another study reported a significant increase in screen time and snack time, while physical activity decreased (Mata et 

al., 2021). However, the frequency of snacking and physical activity returned to baseline within two months and only 

screen time continued to increase (Mata et al., 2021). 

At least one behavioral change with potentially negative health consequences 

The analysis carried out by Koopmann, Müller, et al. (2021) found that 58.5% of survey respondents reported that they 

had reduced their physical activity and/or increased their food intake during the first pandemic wave in Germany. The 

authors classified 18.8% of respondents as a high-risk group. These reported being less physically active while eating 

more. In the observed sample, these individuals tended to be women, younger than 65 years, and experienced higher 

levels of subjective stress. 

Mixed results regarding alcohol consumption 

In a European study, German respondents reported a slight decrease in overall alcohol consumption in the second 

quarter of 2020 (Kilian et al., 2021; Manthey et al., 2020). Self-reported frequency of alcohol consumption on average 

slightly increased, while the amount of alcohol consumed remained the same, and binge drinking decreased 

significantly (Koopmann, Georgiadou, et al., 2021). 

Heterogeneous results were shown in another survey study: 35.5% of respondents reported drinking more, 21.3% less, 

and 43% of the respondents did not change their alcohol consumption behavior (Koopmann, Georgiadou, et al., 2021). 

People whose jobs or finances had been negatively affected by the COVID-19 pandemic, those who experienced high 

subjective stress, those who drank alcohol more than once a week, or who had an overall high alcohol consumption, 

were more likely to report a further increase in their alcohol consumption (Georgiadou et al., 2020; Koopmann, 

Georgiadou, et al., 2021; Manthey et al., 2020). 

Mixed results regarding tobacco use 

While one survey found no causal differences in tobacco use attributable to the pandemic (Damerow et al., 2020), 

42.7% (Georgiadou et al., 2020) and 45.8% (Koopmann, Georgiadou, et al., 2021) of smokers in two other studies 

reported increased tobacco use during the first pandemic wave in Germany. However, 9.0% of smokers also reported 

smoking less, 9.9% quit smoking, while 4.0% started smoking (Koopmann, Georgiadou, et al., 2021). Individuals with 

a higher perceived stress level showed an increased risk of increasing their tobacco use (Koopmann, Georgiadou, et 

al., 2021). 

3.3.4 Post-acute implications of a COVID-19 infection 

Finally, five articles were included on the post-acute implications of a COVID-19 infection for CVD risk and disease 

outcomes in patients with a pre-existing CVD (questions c), d)).  

The full-text retrieval revealed that the causal direction of the relationship between an acute COVID-19 infection and 

CVDs often remains unclear and the definition of sequelae or comorbidities difficult to differentiate. The included articles 

directly refer (if mostly only in a minimal way) to post-acute sequelae of COVID-19. Two articles are overviews, one a 

literature review, two articles present original research with one study (Al-Aly et al., 2021) being conducted in the USA.  

Cardiovascular involvement 

In their overview article, Jakstaite et al. (2021) summarize the still growing evidence of myocardial injury and 

cardiovascular involvement in acute COVID- 19 patients. Against this background, they point to evidence for long-term 

cardiovascular complications found in the cardiovascular magnetic resonance (CMR) study by Puntmann et al. (2020). 

Therein, based on data from a German COVID-19 registry CMR imaging, cardiac blood markers, and demographic 

characteristics of 100 recently recovered COVID-19 patients between April and June 2020 were analyzed. Cardiac 

involvement was found in 78% of patients and ongoing myocardial inflammation in 60%. Myocardial inflammation did 

not correlate with preexisting conditions and time interval since acute COVID-19 infection (Puntmann et al., 2020). 
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Neurological sequelae 

While the overview article, an update from neurological view, by Simon et al. (2021) provides no evidence on post-

acute COVID-19 sequelae in terms of cerebrovascular events, it points to persisting neurological symptoms (e.g., 

fatigue, sleeping disorder, dysosmia, headache) after COVID-19 infection. These symptoms have been linked to 

various organic changes the significance of which remains yet to be understood. 

Atherosclerosis 

In a literature review conducted in September, 2020, Grzegorowska & Lorkowski (2020) come to the conclusions that 

a correlation between inflammation in COVID-19 patients and atherosclerosis is likely. However, the authors find no 

direct evidence for an influence of COVID-19 infection on atherosclerotic plaque progression.  

Post-acute COVID-19 sequelae 

Based on the healthcare database of the US Department of Veterans Affairs, Al-Aly et al. (2021) conducted a high-

dimensional characterization of post-acute sequelae of COVID-19 considering a broad range of health conditions 

(incident diagnoses), medication use, and laboratory abnormalities. The analysis included both patients that were and 

were not hospitalized with a COVID-19 infection who survived at least 30 days after diagnosis over a time horizon of 

6-months. Individuals who were hospitalized with seasonal influenza were considered as controls for hospitalized 

COVID-19 patients, while COVID-19 patients who were not hospitalized were compared to controls without COVID-19 

infection. The authors find an excess burden (higher incidence) of metabolic disorders (disorders of lipid metabolism, 

diabetes mellitus, obesity, elevated LDL-C), and of cardiovascular conditions (hypertension, cardiac dysrhythmias, 

circulatory signs and symptoms, coronary atherosclerosis, and heart failure) in COVID-19 patients who were not 

hospitalized. An excess burden in cardiovascular disorders was also observed in patients who were hospitalized for 

COVID-19 compared to influenza controls.  

3.4 Interim conclusion and limitations 

The outcomes studied in our literature review were wide ranged, as one can tell by the various categories for which 

information was collected in the literature review. This is not only true for the outcomes, but also for the included CVD 

diagnoses. The diversity of the retrieved information is also reflected in the different time horizons under observation, 

by the various population groups included, and by the different methods that were applied to obtain results. In short, 

our results show that the impact of the COVID-19 pandemic was multifaceted. 

The results on the pandemics impact on healthcare can be seen from two perspectives. On the one hand, there is the 

patient perspective, where patients changing their medical help seeking behavior could impede their later health 

outcomes. On the other hand, there is the healthcare provider perspective, where it is important to know, whether the 

pandemic affected the timely availability of treatment and factors such as hospital stay length. As the results from our 

literature review show, a decrease in hospital admission rates could be detected. Whether this decrease effectively led 

to a change in patients’ health outcomes, not only in the short-term but also in the long-term, would need to be 

investigated by further research. The increase in disease severity, that some studies detected, may reflect a change in 

the medical help seeking behavior, as cardiovascular events such as a stroke or MI would need to be treated in a timely 

manner. At the same time, other studies showed no difference in medical help seeking behavior for symptomatic STEMI 

patients. Thus, demonstrating that patients suffering from an acute CV event that requires immediate medical attention 

do not likely delay opting for treatment. 

Taking the angle of healthcare provision, door-to-balloon-time and symptom-to-door-time did not show statistically 

significant changes between the observation and control periods, therefore providing patients with timely access to 

healthcare. The observed decrease in hospital stay length could be due to both provider or patient behavior changes. 

It is unclear, whether this decrease is solely the result of an early discharge policy implemented by hospitals, or whether 

patients wished to leave the hospital due to fear of a COVID-19 infection or other reasons. Whether this influenced 

patients’ health outcomes for the different CVD outcomes needs further research. 
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The results concerning behavioral changes in lifestyle risk factors were characterized by heterogeneity in the observed 

outcomes as well as great heterogeneity in terms of study design, methods, and study population. While weight gain 

could be detected across the German population, the results on other lifestyle aspects did not show as homogeneous. 

Even for the clearly observed weight gain, we cannot draw conclusions from our review between the magnitude of 

change in behavior and changes in CVD risk. For example, body weight only is one factor among others, such as 

smoking and reduced physical activity. The individual risk for developing a CVD may improve or worsen by isolated 

behavioral changes.  

Overall, the various dimensions covered in our systematic review paint a broad picture of possible impacts on CVD risk 

and CVD outcomes. At the same time, this makes it difficult to draw a conclusion as each aspect answers the research 

question from a different angle. Furthermore, even within an outcome category, the comparability of studies is limited 

due to the different study designs, methods applied, and study populations under review. Therefore, conclusions can 

only be drawn while considering the specifications of each individual study. 

Different kinds of limitations apply to the results of our literature review: Those limitations that relate to characteristics 

of the reviewed literature and those that relate to the review process and chosen methods.  

First, due to the exclusion of pre-print publications, the period covered in included articles is mostly limited to the first 

pandemic wave in Germany, with only a few publications that study later phases of the pandemic or longer time horizons. 

While the insights gained from reviewing articles on the first pandemic wave are valuable, an inference of long-term 

trends is not advisable. Germany underwent several phases of the COVID-19 pandemic with diverse kinds of 

containment measures implemented at different points in time and with regional variations within Germany. Especially 

the first wave of the pandemic with the initial lockdown period may have acted as an initial shock, changing the behavior 

both in terms of lifestyle factors and medical help seeking behavior. Behavioral responses to the pandemic could 

change over time, e.g., due to less novelty value of the pandemic situation, or due to permanently adapting to a different 

lifestyle. Some studies hinted in their analysis, that some trends seemed to mitigate as time went on. Therefore, to 

draw conclusions on long-lasting trends or to observe differences between later periods throughout the pandemic, 

additional research would be needed. As the pandemic is still ongoing, new data emerges frequently and the current 

state of evidence improves constantly.  

We also excluded empirical studies that reported a sample size of less than one hundred cases due to limited statistical 

power of results. However, this study selection might have introduced a bias to our results, especially for study designs 

where case numbers are generally small (e.g., single center studies). 

Relating to the characteristics of the reviewed articles, we recognize that the comparability of study outcomes is limited 

between data on different CVDs, e.g., heart failure vs. stroke. Diagnoses discussed in the different studies ranged from 

CVD as a disease area to specific diagnoses such as TIA or ICH. We reported the direction of an effect or the general 

trend (increase, decrease), because effect sizes may in fact not be comparable between the different diagnoses. 

Patient characteristics such as age, gender, and comorbidities might also be drivers of results, which were not always 

reported in the reviewed articles. Not all authors reported statistical significance or confidence intervals for their report, 

limiting our ability to judge the quality of the data. More so, different authors used different control periods, from same 

year control to previous year control, to a previous 3-year control period. The selection of time horizons might also be 

an important driver of found effects, making the comparability of studies less clear.  

While we evaluated the generalizability of the evidence presented in an article, several studies focused on specific 

geographic locations (single-center studies) or specific patient populations and due to their limited generalizability have 

not been cited extensively in the results. However, insight might still be valuable to the specific regional context or 

patient group. 

Several articles on patient behavior and the treatment situation were based upon evidence drawn from hospital 

networks. Confounders related to the hospital network were not controlled for in these articles, such as hospital 

locations, hospital size, COVID-19 incidence at location or specialization of hospitals - which in turn makes the 

generalizability of the results and the assessment of driving factors behind the results more difficult.  Furthermore, 

when only emergency hospital patients are included in analyses, the painted picture of treatment effects might not 

reflect the situation of elective non-urgent procedures. A similar limitation regarding generalizability relates to several 

of the included survey studies if they were based on a so-called convenience sample instead of applying a randomized 
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sampling method. As a result, specific groups may have been under- or over-represented in these studies, e.g., if older 

people were surveyed less frequently, and well-educated people were surveyed more frequently.  

Finally, there are many possible confounders of the pandemic situation that were not controlled for. To give an example, 

door-to-balloon time could have decreased during the COVID-19 pandemic because people were advised to stay at 

home and hence there was less traffic on the roads. 

4 Conclusion  

The first objective of this study was to provide reliable and up-to-date figures on the health and socioeconomic burden 

of ASCVDs in Germany to create awareness for the importance of effective prevention. The second objective was to 

explore the possible impacts of the COVID-19 pandemic on CVDs in Germany, because early evidence suggested an 

association with an increase in CVD risk factors. 

We considered disease events attributable to ten diagnoses separately for the 16 German federal states and accounted 

for losses in paid and unpaid work activities. Because ASCVD-related events disproportionally affect older age groups, 

focusing only on paid work would have ignored an important aspect of the socioeconomic burden.  

ACSVD, such as myocardial infarction or ischemic stroke, is considered the primary preventable form of CVD. 

Therefore, the substantial number of inpatient stays and premature deaths associated with ASCVD diagnoses and the 

estimates on the socioeconomic burden shown in our analysis highlight the economic and societal benefits that effective 

prevention strategies could have in reducing this 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. More information is necessary 

to better understand different mechanisms and the persistence of effects to deduct clear recommendations for action. 

For example, it would be important to understand what caused the shortened length of hospital stays and the decrease 

in hospital admission rates, i.e., did patients avoid healthcare facilities or did the pandemic circumstances decrease 

the risk to suffer from a CV event. 

While unambiguous and generalizable evidence on COVID-19 is not yet available, the health and socioeconomic 

burden already point out a clear need to reduce CVD risk. Even if the pandemic does not have a homogeneous impact 

on individual risk factors, this cannot capture the risk that comes to play when multiple risk factors combine. Given the 

ongoing pandemic, relatively small impacts in different areas of life could cumulatively result in an increase (or 

decrease) of CVD risk. Therefore, future research should aim to investigate the interplay of different risk factors 

associated with the pandemic. 
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Appendix A: Additional information on estimation of health and 

socioeconomic burden 
Annex 1: Data sources and socioeconomic input parameters in the base case scenario 

Data /Parameter  Source 

Health   

 

Inpatient hospitalizations 

stratified by 

- main diagnosis (three-digit ICD-10-GM code)  

- age groups 

- gender 

- German federal states 

 

(Statistisches Bundesamt 

(Destatis), 2021b, 2021g) 

Duration of hospital stay 

(in days) 

(Statistisches Bundesamt 

(Destatis), 2021b, 2021g) 

Inpatient rehabilitations (Statistisches Bundesamt 

(Destatis), 2021c) 

Duration of rehab stay 

(in days) 

(Statistisches Bundesamt 

(Destatis), 2021c) 

Death cases (Statistisches Bundesamt 

(Destatis), 2021d) 

 

Life expectancy (in years) 

 

stratified by  

- age groups 

- gender 

 

(Statistisches Bundesamt 

(Destatis), 2021e) 

Employment characteristics    

 

Employment rate 

   

Age group Men Women  

20-24  
25-29  
30-34  
35-39  
40-44  
45-49  
50-54  
55-59  
60-64  
65-69  
70-74  

75+ 

69.0% 
84.0% 
89.7% 
91.0% 
91.3% 
91.2% 
90.1% 
85.6% 
66.6% 
22.1% 
11.1% 

3.2% 

65.4% 
77.1% 
77.4% 
80.0% 
83.1% 
84.8% 
83.3% 
77.9% 
57.1% 
14.0% 

5.6% 
1.2% 

(Eurostat, 2021) 

 
Average actual working hours (paid work) per day 

  

Age group Men Women  

20-24  
25-29  
30-34  
35-39  
40-44  
45-49  
50-54  
55-59  
60-64  

65+ 

3.90 
4.25 
4.49 
4.58 
4.67 
4.68 
4.69 
4.52 
3.99 
2.35 

3.35  
 3.48  
 3.22  
 3.16  
 3.31  
 3.38  
 3.39  
 3.29  
 2.94  
 1.61 

(Institut für Arbeitsmarkt- 

und Berufsforschung 

(IAB), 2021) 

 
Average gross hourly wage 

 
€ 27.75 

  

(Statistisches Bundesamt 

(Destatis), 2020b) 
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Notes: *Including the following unpaid work activities: Gardening and animal care, preparation of meals, improvements and home 
repair, maintenance of dwelling, care of textile fabrics, purchases and procurement, day-to-day organization, informal care, 
childcare, voluntary work. **Average values were calculated according to the age and gender specific composition of unpaid work 
activities that were assigned to different industry sectors as their closest market substitute. 

 
  

Unpaid work characteristics    

 
Unpaid work activities, average hours per day* 

  

Age group Men Women  

20-29  
30-39  
40-49  
50-59  
60-64 
65-69  
70-74  
75-79 

80+  

1.32  
 2.37  
 2.38  
 2.37  
 2.90  
 3.25  
 3.30  
 3.00  
 2.53 

2.27  
4.55  

 3.95  
3.77  

 4.03  
 4.15  
 4.40  
 4.00  
 3.47 

(Statistisches Bundesamt 
(Destatis), 2017b) 

 

Average specialist gross hourly wage** 

  

Age group Men Women  

20-29  
30-39  
40-49  
50-59  
60-64 
65-69  
70-74  
75-79 

80+ 

€ 20.18 
€ 21.49 
€ 20.35 
€ 19.11 
€ 18.89 
€ 19.00 
€ 18.75 
€ 18.03 
€ 17.42 

€ 20.07 
€ 21.75 
€ 19.75  
€ 18.53  

 € 18.21  
 € 17.79  
 € 18.30  
 € 17.69  
 € 17.62 

(Statistisches Bundesamt 

(Destatis), 2021f) 

Other model parameters   

Discount rate for future 

productivity losses 

3.0% (EUnetHTA, 2015) 
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Annex 2: Relative health burden associated with selected ASCVD diagnoses in 2019 (crude rate per 100,000) 

 

 

 

 

 

 

 

 

 

 
Source: Own calculations based on data provided by Statistisches Bundesamt (Destatis) (see section 2.1). Rounded numbers.  
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Annex 3: Hospitalizations, rehabilitations, and death cases due to ASCVD diagnoses in 2019 by federal state 

 Inpatient hospitalizations Rehabilitation cases Death cases 

Federal state 
Absolute 
number 

Crude rate per 
100,000 

Standardized 
rate 

Absolute 
number 

Crude rate per 
100,000 

Standardized 
rate 

Absolute 
number 

Crude rate per 
100,000 

Standardized 
rate 

Schleswig-Holstein 36,851 1,557 1,090 5,294 224 162 5,928 250 178 

Hanseatic City of Hamburg 25,591 1,705 1,469 1,963 131 113 2,564 171 145 

Lower Saxony 96,165 1,483 1,069 18,369 283 205 17,245 266 193 

Bremen 12,179 2,186 1,686 1,114 200 158 1,315 236 178 

North Rhine-Westphalia 253,662 1,742 1,305 33,393 229 171 29,933 206 153 

Hesse 74,834 1,468 1,115 12,006 236 179 11,574 227 174 

Rhineland-Palatinate 52,431 1,569 1,141 8,463 253 184 8,319 249 181 

Baden-Württemberg 124,857 1,392 1,069 25,249 281 216 18,108 202 156 

Bavaria 159,554 1,494 1,150 26,111 244 186 22,254 208 163 

Saarland 17,584 2,134 1,472 3,088 375 261 2,373 288 195 

Berlin 55,289 1,847 1,550 5,051 169 141 5,750 192 166 

Brandenburg 36,469 1,753 1,151 6,530 314 208 6,059 291 197 

Mecklenburg-Western Pomerania 25,703 1,922 1,280 4,487 336 226 4,326 324 218 

Saxony 51,234 1,522 995 9,196 273 184 11,153 331 205 

Saxony-Anhalt 37,678 2,044 1,321 7,060 383 253 6,329 343 222 

Thuringia 32,881 1,849 1,201 6,631 373 247 5,129 288 190 

Total  1,092,963 - - 174,005 - - 158,359 - - 

Average value - 1,729 1,254 - 269 193 - 255 182 

Source: Own calculations based on data provided by Statistisches Bundesamt (Destatis) (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. 

 



 

XXXIX 

Appendix B: Additional information on literature search 
Annex 4: Keywords used in PubMed search 

Main 

keyword 

category 

(1) COVID-19 (2) Cardiovascular 

disease 

(3) Treatment 

decisions 

(4) Lifestyle 

adjustments 

(5) 

Geographic 

location 

Keywords 
within main 
category  

COVID 19 
COVID-19 Virus Disease(s) 
COVID 19 Virus Disease 
Disease, COVID-19 Virus 
Virus Disease, COVID-19 
COVID-19 Virus Infection(s) 
COVID 19 Virus Infection 
Infection, COVID-19 Virus 
Virus Infection, COVID-19 
2019-nCoV Infection(s) 
2019 nCoV Infection 
Infection, 2019-nCoV 
Coronavirus Disease-19 
Coronavirus Disease 19 
2019 Novel Coronavirus 
Disease 
2019 Novel Coronavirus 
Infection 
2019-nCoV Disease(s) 
2019 nCoV Disease 
Disease, 2019-nCoV 
COVID19 
Coronavirus Disease 2019 
Disease 2019, Coronavirus 
SARS Coronavirus 2 
Infection 
SARS-CoV-2 Infection(s) 
Infection, SARS-CoV-2 
SARS CoV 2 Infection 
COVID-19 Pandemic(s) 
COVID 19 Pandemic 
Pandemic, COVID-19 
SARS-CoV-2 
SARS virus 
COVID-19 
Coronavirus 
Coronavirus disease 2019 
Severe acute respiratory 
syndrome coronavirus 2 
Severe acute respiratory 
syndrome  
COVID-19 pandemic 
2019 novel coronavirus 
2019-nCoV 
Human coronavirus 2019 
HCoV-19 
hCoV-19 
"COVID-19"[Mesh] 

Acute coronary 
syndrome 
CVD 
Atherosclerosis 
Cardiovascular  
Cardiovascular 
disease 
Cardiovascular risk 
Cardiovascular 
system 
Cardiovascular event 
Acute heart failure 
Stroke 
Myocardial infarction 
Myocardial injury 
Myocarditis 
Heart failure 
Cerebrovascular 
Cerebrovascular 
disease  
Cerebrovascular risk 
Cerebrovascular 
event 
Cerebrovascular 
system 
Ischemic stroke 
Endothelial 
dysfunction 
Ischaemic Stroke 
Acute Ischemic 
Stroke 
Ischemic Stroke, 
Acute 
Stroke, Acute 
Ischemic 
Primary percutaneous 
coronary intervention 
"Ischemic 
Stroke"[Mesh] 
"Arteriosclerosis"[Mes
h] 
"Cardiovascular 
Diseases"[Mesh] 

Delivery of 
Healthcare 
Healthcare Deliveries 
Healthcare Delivery 
Health Care Delivery 
Health Care 
Healthcare 
Health Care 
System(s) 
Healthcare System(s) 
Patient Acceptance 
of Healthcare 
Healthcare Patient 
Acceptance(s) 
Health Care Seeking 
Behavior 
Health Care 
Utilization 
Healthcare Utilization 
Length of stay 
Hospitalization 
Hospital visit 
Patient visit 
Rebound 
Delay 
Delay of treatment 
Admission rate 
Postponement 
Postpone 
"Health 
Behavior"[Mesh] 
"Hospitalization"[Mes
h] 
"Delivery of Health 
Care"[Mesh] 
"Patient Acceptance 
of Health 
Care"[Mesh] 

Nutrition 
Physical activity 
Lifestyle adjustment 
Exercise 
Diet 
Cooking 
Weight 
Obesity  
Health behavior(s) 
Health behaviour(s) 
Coping strategy 
Coping strategies 
Vigorous activity  
Moderate activity  
Walking 
Calorie intake 
Dietary intake 
Nutritional intake 
Step counts 
Overweight 
Tobacco 
Alcohol 
"Exercise"[Mesh] 
"Overweight"[Mesh] 
"Tobacco 
Use"[Mesh] 
"Alcohol 
Drinking"[Mesh] 
"Eating"[Mesh] 

Germany 
German 
Germany[Mes
h] 

Note: We accounted for different spellings and selected plural forms by adding an “s” at the word ending (indicated by parenthesis). 
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Annex 5: Query translation for main keyword categories in PubMed  

Main keyword 

category 

Query translation (31 August, 2021) 

(1) COVID-19 ("covid 19"[Title/Abstract] OR "covid 19 virus disease"[Title/Abstract] OR "covid 19 virus 

disease"[Title/Abstract] OR "disease covid 19 virus"[Title/Abstract] OR "virus disease covid 

19"[Title/Abstract] OR "covid 19 virus infection"[Title/Abstract] OR "covid 19 virus 

infection"[Title/Abstract] OR "COVID-19 Virus Infections"[Title/Abstract] OR "virus infection covid 

19"[Title/Abstract] OR "2019 ncov infection"[Title/Abstract] OR "2019 ncov infection"[Title/Abstract] OR 

"2019-nCoV Infections"[Title/Abstract] OR "infection 2019 ncov"[Title/Abstract] OR "coronavirus disease 

19"[Title/Abstract] OR "coronavirus disease 19"[Title/Abstract] OR "2019 Novel Coronavirus 

Disease"[Title/Abstract] OR "2019 Novel Coronavirus Infection"[Title/Abstract] OR "2019 ncov 

disease"[Title/Abstract] OR "2019 ncov disease"[Title/Abstract] OR "2019-nCoV Diseases"[Title/Abstract] 

OR "disease 2019 ncov"[Title/Abstract] OR "COVID19"[Title/Abstract] OR "coronavirus disease 

2019"[Title/Abstract] OR "disease 2019 coronavirus"[Title/Abstract] OR "SARS Coronavirus 2 

Infection"[Title/Abstract] OR "sars cov 2 infection"[Title/Abstract] OR "infection sars cov 2"[Title/Abstract] 

OR "sars cov 2 infection"[Title/Abstract] OR "SARS-CoV-2 Infections"[Title/Abstract] OR "covid 19 

pandemic"[Title/Abstract] OR "covid 19 pandemic"[Title/Abstract] OR "COVID-19 

Pandemics"[Title/Abstract] OR "pandemic covid 19"[Title/Abstract] OR "SARS-CoV-2"[Title/Abstract] OR 

"SARS virus"[Title/Abstract] OR "covid 19"[Title/Abstract] OR "Coronavirus"[Title/Abstract] OR 

"coronavirus disease 2019"[Title/Abstract] OR "severe acute respiratory syndrome"[Title/Abstract] OR 

"Severe acute respiratory syndrome coronavirus 2"[Title/Abstract] OR "covid 19 

pandemic"[Title/Abstract] OR "2019 novel coronavirus"[Title/Abstract] OR "2019-nCoV"[Title/Abstract] 

OR "Human coronavirus 2019"[Title/Abstract] OR "hcov 19"[Title/Abstract] OR "hcov 19"[Title/Abstract] 

OR "covid 19"[MeSH Terms]) AND (english[Filter] OR german[Filter]) 

 

(2) Cardiovascular 

disease 

("Acute coronary syndrome"[Title/Abstract] OR "CVD"[Title/Abstract] OR "Atherosclerosis"[Title/Abstract] 

OR "Cardiovascular"[Title/Abstract] OR "Cardiovascular disease"[Title/Abstract] OR "Cardiovascular 

risk"[Title/Abstract] OR "Cardiovascular system"[Title/Abstract] OR "Cardiovascular event"[Title/Abstract] 

OR "Acute heart failure"[Title/Abstract] OR "Stroke"[Title/Abstract] OR "Myocardial 

infarction"[Title/Abstract] OR "Myocardial injury"[Title/Abstract] OR "Myocarditis"[Title/Abstract] OR 

"Heart failure"[Title/Abstract] OR "Cerebrovascular"[Title/Abstract] OR "Cerebrovascular 

disease"[Title/Abstract] OR "Cerebrovascular risk"[Title/Abstract] OR "Cerebrovascular 

event"[Title/Abstract] OR "Cerebrovascular system"[Title/Abstract] OR "ischemic stroke"[Title/Abstract] 

OR "Endothelial dysfunction"[Title/Abstract] OR "Ischaemic Stroke"[Title/Abstract] OR "Acute Ischemic 

Stroke"[Title/Abstract] OR "ischemic stroke acute"[Title/Abstract] OR "stroke acute 

ischemic"[Title/Abstract] OR "primary percutaneous coronary intervention"[Title/Abstract] OR "ischemic 

stroke"[MeSH Terms] OR "Arteriosclerosis"[MeSH Terms] OR "Cardiovascular Diseases"[MeSH Terms]) 

AND (english[Filter] OR german[Filter]) 

 

(3) Treatment 

decisions 

("Delivery of Healthcare"[Title/Abstract] OR "Healthcare Deliveries"[Title/Abstract] OR "Healthcare 

Delivery"[Title/Abstract] OR "Health Care Delivery"[Title/Abstract] OR "Health Care"[Title/Abstract] OR 

"Healthcare"[Title/Abstract] OR "Health Care Systems"[Title/Abstract] OR "Health Care 

System"[Title/Abstract] OR "Healthcare Systems"[Title/Abstract] OR "Healthcare System"[Title/Abstract] 

OR "Patient Acceptance of Healthcare"[Title/Abstract] OR "Health Care Seeking Behavior"[Title/Abstract] 

OR "Health Care Utilization"[Title/Abstract] OR "Healthcare Utilization"[Title/Abstract] OR "length of 

stay"[Title/Abstract] OR "Hospitalization"[Title/Abstract] OR "hospital visit"[Title/Abstract] OR "patient 

visit"[Title/Abstract] OR "Rebound"[Title/Abstract] OR "Delay"[Title/Abstract] OR "Delay of 

treatment"[Title/Abstract] OR "admission rate"[Title/Abstract] OR "postponement"[Title/Abstract] OR 

"Postpone"[Title/Abstract] OR "Health Behavior"[MeSH Terms] OR "Hospitalization"[MeSH Terms] OR 

"Delivery of Health Care"[MeSH Terms] OR "Patient Acceptance of Health Care"[MeSH Terms]) AND 

(english[Filter] OR german[Filter]) 
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Main keyword 

category 

Query translation (31 August, 2021) 

(4) Lifestyle 

adjustments 

("Nutrition"[Title/Abstract] OR "Physical activity"[Title/Abstract] OR "Lifestyle adjustment"[Title/Abstract] 

OR "Exercise"[Title/Abstract] OR "Diet"[Title/Abstract] OR "Cooking"[Title/Abstract] OR 

"Weight"[Title/Abstract] OR "Obesity"[Title/Abstract] OR "Health behaviours"[Title/Abstract] OR "Health 

behaviors"[Title/Abstract] OR "Health behaviour"[Title/Abstract] OR "Health behavior"[Title/Abstract] OR 

"Coping strategy"[Title/Abstract] OR "Coping strategies"[Title/Abstract] OR "Vigorous 

activity"[Title/Abstract] OR "Moderate activity"[Title/Abstract] OR "Walking"[Title/Abstract] OR "Step 

counts"[Title/Abstract] OR "Overweight"[Title/Abstract] OR "Tobacco"[Title/Abstract] OR 

"Alcohol"[Title/Abstract] OR "Calorie Intake"[Title/Abstract] OR "Dietary Intake"[Title/Abstract] OR 

"Nutritional Intake"[Title/Abstract] OR "Exercise"[MeSH Terms] OR "Overweight"[MeSH Terms] OR 

"Tobacco Use"[MeSH Terms] OR "Alcohol Drinking"[MeSH Terms] OR "Eating"[MeSH Terms]) AND 

(english[Filter] OR german[Filter]) 

(5) Geographic 

location 

("Germany"[Title/Abstract] OR "German"[Title/Abstract] OR "Germany"[MeSH Terms]) AND 

(english[Filter] OR german[Filter]) 
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Annex 6: Combination of keyword categories and search history in PubMed 

Research 

question to 

answer 

Search date Combination of 

keyword 

categories 

Hits Comment 

a) August 31, 2021 1 & 2 & 3 3,258  

a) August 31, 2021 1 & 2 & 3 & 5 71 These Germany-
specific records 
were included in 
title /abstract 
screening 

b) August 31, 2021 1 & 4 9,706  

b) August 31, 2021 1 & 4 & 5 140 These Germany-
specific records 
were included in 
title /abstract 
screening 

c), d) August 31, 2021 1 & 2 12,171  

c), d) August 31, 2021 1 & 2 & 5 153 These Germany-
specific records 
were included in 
title /abstract 
screening 

Overlap between 
searches 

August 31, 2021 (1 & 2 & 5) not (1 & 
2 & 3 & 5) 

82 Hits from search on 
c), d) minus overlap 
with search on 
question a) 

 August 31, 2021 (1 & 2 & 3 & 5) not 
(1 & 2 & 5) 

0 All hits from search 
on question a) 
included in hits from 
search on c), d) 
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Annex 7: Information collected during title and abstract screening 

Category Explanation 

Reviewer ID Initials of reviewers 

Decision on relevance: yes /no Does the article provide information to answer one of our research 

questions?  

Answer to which sub-question?  a, b, c, d 

Exclusion criterion If article is excluded, which is the main reason /criterion 

Article type  e.g., literature review, meta-analysis, overview, opinion, editorial, 

original research article, (…) 

Independent or explanatory 

variable? 

COVID-19 infection or pandemic situation 

Dependent variable of interest e.g., CVD outcomes, risk for CVD, delay of treatment, eating 

behavior, alcohol consumption, (…) 

Specific population Does the article focus on a specific sub-population, e.g., nurses or 

nursing home residents? 

Adult study population Does the article focus on adults, children, or both? 
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Annex 8: German keywords used in Google Scholar search 

Main 

keyword 

category 

(1) COVID-19 (2) Cardiovascular 

disease 

(3) Treatment 

decisions  

(4) Lifestyle 

adjustments 

(5) Geographic 

location 

Keywords 
within main 
category 

COVID-19 

2019-nCoV 

SARS-CoV-2 

Koronarsyndrom 

CVD 

Atherosklerose 

Herzinsuffizienz 

Herzinfarkt 

ischämischer 
Schlaganfall 

Herz-Kreislauf-
System 

kardiovaskulär 

Schlaganfall 

Myokardinfarkt 

Gesundheits-
versorgung 

Erstkontakt 

Ernährung 

körperliche 
Bewegung 

Sport 

Tabak 

Alkohol 

Übergewicht 

psychische 
Gesundheit 

Gesundheits-
verhalten 

Deutschland 
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Annex 9: Query translation and search history in Google Scholar 

Research 

question 

to answer 

Search date Combination 

of keyword 

categories 

Query translation Hits Comment 

a) September 
14, 2021 

1 & 2 & 3 („COVID-19“ OR „2019-
nCoV“ OR „SARS-CoV-2“) 
AND 
(„Koronarsyndrom“ OR 
„CVD“ OR 
„Atherosklerose“ OR 
„Herzinsuffizienz“ OR 
„Herzinfarkt“ OR 
„ischämischer 
Schlaganfall“) AND 
(„Gesundheitsversorgung“ 
OR „Erstkontakt") 

Title /abstract 
pre-screening 
results in 26 
hits 

 

a) October 01, 
2021 

1 & 2 & 3 („COVID-19“ OR „2019-
nCoV“ OR „SARS-CoV-2“) 
AND 
(„Koronarsyndrom“ OR 
„Herz-Kreislauf-System” 
OR „Atherosklerose“ OR 
„kardiovaskulär “ OR 
„ischämischer 
Schlaganfall“) AND 
(„Gesundheitsversorgung“ 
OR „Erstkontakt") 

No additional 
results in 
second title 
/abstract pre-
screening to 
search on  
14-Sep 2021 

Change in search 
terms: Instead of 
“CVD“ we used “Herz-
Kreislauf-System” 
(because of English 
acronym); instead of 
“Herzinfarkt” and 
“Herzinsuffizienz” we 
used “kardiovaskulär”. 

b) September 
14, 2021 

1 & 4 & 5 („COVID-19“ OR „2019-
nCoV“ OR „SARS-CoV-2“) 
AND („Ernährung“ OR 
„körperliche 
Bewegung“ OR 
„Sport“ OR „Tabak“ OR 
„Alkohol“ OR 
„Übergewicht“ OR 
„psychische Gesundheit“) 
AND („Deutschland“) 

Title /abstract 
pre-screening 
results in 20 
hits 

Query bi 

b) October 01, 
2021 

1 & 4 & 5 („COVID-19“ OR „2019-
nCoV“ OR „SARS-CoV-2“) 
AND („Ernährung“ OR 
„körperliche 
Bewegung“ OR 
„Sport“ OR „Tabak“ OR 
„Alkohol“ OR 
„Übergewicht“ OR 
„Gesundheitsverhalten“) 
AND („Deutschland“) 

Eleven 
additional 
results in 
second title 
/abstract pre-
screening to 
search on 14-
Sep 2021 

Query bi 
Following our decision 
to exclude articles with 
mental health focus, 
“psychische 
Gesundheit” was 
replaced by 
„Gesundheitsverhalten“. 

b) September 
14, 2021 

1 & 2 & 4 („COVID-19“ OR „2019-
nCoV“ OR „SARS-CoV-2“) 
AND („CVD“ OR 
„Herzinfarkt“ OR 
„Schlaganfall“) AND 
(„Ernährung“ OR 
„körperliche 
Bewegung“ OR 
„Tabak“ OR „Alkohol“ OR 
„Übergewicht“ OR 
„psychische Gesundheit“) 

Title /abstract 
pre-screening 
results in 31 
hits 

bii 
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b) October 01, 
2021 

1 & 2 & 4 („COVID-19“ OR „2019-
nCoV“ OR „SARS-CoV-2“) 
AND („Herz-Kreislauf-
System“ OR 
„Schlaganfall“) AND 
(„Ernährung“ OR 
„körperliche 
Bewegung“ OR 
„Tabak“ OR „Alkohol“ OR 
„Übergewicht“ OR 
„Gesundheitsverhalten“) 

Three 
additional 
results in 
second title 
/abstract pre-
screening to 
search on 14-
Sep 2021 

bii 

Following our decision 
to exclude articles with 
mental health focus, 
“psychische 
Gesundheit” was 
replaced by 
„Gesundheitsverhalten“.
“CVD” and „Herzinfarkt” 
were changed to “Herz-
Kreislauf-System”. 

c), d) September 
14, 2021 

1 & 2 & 5 („COVID-19“ OR „2019-
nCoV“ OR „SARS-CoV-2“) 
AND 
(„Koronarsyndrom“ OR 
„CVD“ OR 
„Atherosklerose“ OR 
„Herzinsuffizienz“ OR 
„Herzinfarkt“ OR 
„Myokardinfarkt“ OR 
„ischämischer 
Schlaganfall“) AND 
(„Deutschland“) 

Title /abstract 
pre-screening 
results in 25 
hits 

 

c), d) October 01, 
2021 

1 & 2 & 5 („COVID-19“ OR „2019-
nCoV“ OR „SARS-CoV-2“) 
AND 
(„Koronarsyndrom“ OR „ 
Herz-Kreislauf-
System“ OR 
„Atherosklerose“ OR 
„kardiovaskulär“ OR 
„Myokardinfarkt“ OR 
„ischämischer 
Schlaganfall“) AND 
(„Deutschland“) 

Fourteen 
additional 
results in 
second title 
/abstract pre-
screening to 
search on 14-
Sep 2021 

Change in search 
terms: Instead of 
“CVD“ we used “Herz-
Kreislauf-System” 
(because of English 
acronym); instead of 
“Herzinfarkt” and 
“Herzinsuffizienz” we 
used “kardiovaskulär”. 
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Annex 10: List of articles covering aspects of healthcare provision or utilization during the COVID-19 pandemic 

Outcome Number 

of articles 

Authors 

Patient characteristics 1 (Vollmuth et al., 2021) 

Comorbidities 1 (König et al., 2020) 

CVD mortality in general 1 (Nef et al., 2021) 

30-day rate of readmissions  1 (König et al., 2020) 

Functional outcome at discharge 1 (Tiedt et al., 2020) 

Changes in severity of events 

/severity of disease 

5 i) (Erdur et al., 2021) 

ii) (König et al., 2020) 

iii) (Millán et al., 2021) 

iv) (Mostert et al., 2021) 

v) (Wienbergen et al., 2021) 

Hospital workflow and delay of 

treatment 

5 i) (Millán et al., 2021) 

ii) (Richter et al., 2021a) 

iii) (Scholz et al., 2020) 

iv) (Tiedt et al., 2020) 

v) (Wienbergen et al., 2021) 

Other healthcare utilization, 

ambulatory care 

5 i) (Damerow et al., 2020) 

ii) (Michalowsky et al., 2021)  

iii) (Naujoks et al., 2021)  

iv) (Tanislav et al., 2021)  

v) (Vollmuth et al., 2021) 

Operations /procedures 6 i) (Beckmann et al., 2021) 

ii) (König et al., 2021) 

iii) (Richter et al., 2021a) 

iv) (Richter et al., 2021b) 

v) (Uphaus et al., 2020) 

vi) (Vollmuth et al., 2021) 

Length of hospital stay 7 i) (Bollmann et al., 2020) 

ii) (Bollmann, Hohenstein, et al., 2021)) 

iii) (König et al., 2020) 

iv) (Mostert et al., 2021)  

v) (Nef et al., 2021) 

vi) (Ueberham et al., 2021) 

vii) (Uphaus et al., 2020) 

Survival rates /in-hospital 

mortality 

10 i) (Behrendt et al., 2021) 

ii) (Bollmann et al., 2020) 

iii) (Bollmann, Hohenstein, et al., 2021) 

iv) (König et al., 2020) 

v) (Nef et al., 2021) 

vi) (Richter et al., 2021a) 

vii) (Richter et al., 2021b) 

viii) (Scholz et al., 2020) 

ix) (Seiffert et al., 2020) 

x) (Wienbergen et al., 2021) 
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Outcome Number 

of articles 

Authors 

Hospital admission rates 22 i) (Bollmann et al., 2020) 

ii) (Bollmann, Hohenstein, et al., 2021) 

iii) (Bollmann, Pellissier, et al., 2021) 

iv) (Erdur et al., 2021) 

v) (Günster et al., 2020) 

vi) (Jaehn et al., 2021) 

vii) (Kapsner et al., 2021) 

viii) (König et al., 2020) 

ix) (König et al., 2021) 

x) (Millán et al., 2021) 

xi) (Mostert et al., 2021) 

xii) (Nef et al., 2021) 

xiii) (Rattka et al., 2021) 

xiv) (Richter et al., 2021a) 

xv) (Scholz et al., 2020) 

xvi) (Seiffert et al., 2020) 

xvii) (Stöhr et al., 2020) 

xviii) (Tiedt et al., 2020) 

xix) (Ueberham et al., 2021) 

xx) (Uphaus et al., 2020) 

xxi) (Vacanti et al., 2020) 

xxii) (Wienbergen et al., 2021) 

Source: Results from own literature review. 
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Annex 11: List of articles covering behavioral CVD risk factors during the COVID-19 pandemic 

Outcome Number 

of articles 

Authors 

Bodyweight 2 i) (Damerow et al., 2020) 

ii) (Palmer et al., 2021) 

Eating behavior 3 i) (Koopmann, Müller, et al., 2021) 

ii) (Mata et al., 2021) 

iii) (Palmer et al., 2021) 

Tobacco consumption 4 i) (Busse et al., 2021) 

ii) (Damerow et al., 2020) 

iii) (Georgiadou et al., 2020) 

iv) (Koopmann, Georgiadou, et al., 2021) 

Alcohol consumption 5 i) (Busse et al., 2021) 

ii) (Georgiadou et al., 2020) 

iii) (Kilian et al., 2021) 

iv) (Koopmann, Georgiadou, et al., 2021) 

v) (Manthey et al., 2020) 

Physical activity 7 i) (Busse et al., 2021) 

ii) (Engels et al., 2021) 

iii) (Koopmann, Müller, et al., 2021) 

iv) (Maertl et al., 2021) 

v) (Mata et al., 2021) 

vi) (Mutz & Gerke, 2021) 

vii) (Palmer et al., 2021) 

Source: Results from own literature review. 
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