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Abstract  The Semmelweis Study is a prospec-
tive occupational cohort study that seeks to enroll 
all employees of Semmelweis University (Budapest, 
Hungary) aged 25  years and older, with a popula-
tion of 8866 people, 70.5% of whom are women. 
The study builds on the successful experiences of the 
Whitehall II study and aims to investigate the complex 

relationships between lifestyle, environmental, and 
occupational risk factors, and the development and 
progression of chronic age-associated diseases. An 
important goal of the Semmelweis Study is to identify 
groups of people who are aging unsuccessfully and 
therefore have an increased risk of developing age-
associated diseases. To achieve this, the study takes 
a multidisciplinary approach, collecting economic, 
social, psychological, cognitive, health, and biologi-
cal data. The Semmelweis Study comprises a base-
line data collection with open healthcare data link-
age, followed by repeated data collection waves every 
5 years. Data are collected through computer-assisted 
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self-completed questionnaires, followed by a physical 
health examination, physiological measurements, and 
the assessment of biomarkers. This article provides a 
comprehensive overview of the Semmelweis Study, 
including its origin, context, objectives, design, rel-
evance, and expected contributions.
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Introduction

Unsuccessful aging of the Hungarian population: a 
societal challenge

Population aging is a critical societal challenge in the 
European Union (EU) [1]. Currently, there are over 
100 million inhabitants 65 years and older living in the 
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EU and the UK. Their number is projected to increase 
to close to 150 million by 2050, which represents 
approximately 21.2% (2022) to 29.5% (2050) of the 
population of these countries [1, 2]. The achievement 
of sustainable development goals (SDGs), especially 
that of health-related SDGs strongly depends on the 
health status of aging populations, as the opportunities 
brought by increasing life expectancy can only mani-
fest if the time lived with disabilities is compressed 
such that individuals go through a healthy (successful) 
aging process [3]. This brings new challenges for the 
health systems, including public health services, and 
society, as pursuing increased “healthspan” in addition 
to lifespan requires more emphasis on disease preven-
tion and health promotion throughout life by involving 
all sectors of society and the people themselves.

Importantly, there are significant health differences 
between member states, which determine how suc-
cessfully societies can adapt to these demographic 
changes. Hungary is a member of the EU and has 
a rapidly aging and declining population. In 2021, 
every fifth (20.3%) person was 65 or older [4]; that 
is projected to increase to 27.9% by 2050 [5]. The 
graying Hungarian society is facing complex demo-
graphic and public health challenges, which impact 
the health and social care systems, labor markets, 
public finances, and the pension system. From a pub-
lic health perspective, it is essential to understand the 
drivers of functional disability attributable to age-
related deterioration of health as well as the determi-
nants of successful aging. Based on this information, 
governments can proactively implement public health 
policies and programs to enhance the well-being of 
their aging population and their participation in eco-
nomic, social, cultural, and political activities.

Aging is the single most important risk factor for 
morbidity and mortality from a wide range of age-
related, chronic non-communicable diseases [6]. It 
is increasingly recognized that the same fundamental 
biological mechanisms of aging are causally linked 
to the pathogenesis of diverse age-associated dis-
eases, ranging from cardiovascular and neurodegen-
erative diseases to cancer. Rapid advances in the field 
of geroscience have identified evolutionarily con-
served cellular and molecular processes (i.e., inflam-
matory mechanisms, endocrine regulation, nutri-
ent sensing pathways, mitochondrial mechanisms, 
etc.) that underlie biological aging, regulate lifespan 
and contribute to the pathogenesis of virtually all 

age-associated diseases [7–9]. According to the con-
cept originally proposed by Rowe and Kahn, “suc-
cessful aging” (healthy aging) is characterized by 
high physical, psychological, and social functioning 
in old age and a lack of major age-associated dis-
eases [10–12]. From a geroscience perspective, suc-
cessful/healthy aging is defined by the optimization 
of biological aging processes throughout life and 
thereby minimizing the rate of age-related functional 
decline, which results in a delayed manifestation of 
age-associated diseases and maintaining longer the 
functional ability that enables well-being in older age 
(as the WHO defines “healthy aging” [13]). In con-
trast, unsuccessful/unhealthy aging is characterized 
by accelerated biological aging processes, resulting in 
a steeper trajectory of age-related functional decline 
and early onset of age-associated diseases. Indi-
viduals experiencing unhealthy aging are also more 
likely to have a lower socio-economic status, which 
has been associated with negative health outcomes, 
including premature manifestations of age-associated 
diseases [14]. This suggests that there is an equity 
aspect to healthy aging, where individuals from lower 
socio-economic backgrounds may face additional 
challenges in maintaining their health and well-being 
as they age.

The Hungarian population typically ages unsuc-
cessfully as it is reflected by a range of epidemiologi-
cal indicators. Although life expectancy increased 
since 1990, it was still at 75.7  years in 2020 (female 
78.74, male 72.21  years), which was almost 5  years 
less than the EU average [15]. As a consequence 
of increased mortality during the COVID-19 pan-
demic the life expectancy decreased to 74.5  years in 
2021 (female 77.5, male 70.7) [16]. Furthermore, 
the life expectancy of Hungarian people at the age 
of 65 is one of the lowest in Europe as well (women 
18.6  years, men 14.8  years) [17]. Compounding the 
2020 losses, life expectancy dropped significantly fur-
ther throughout 2021, and by the end of 2021, the loss 
was 24.6  months in comparison with the 2019 figure 
[18]. According to OECD estimates, Hungary has the 
second worst age-standardized mortality due to pre-
ventable causes (243/100,000 population) based on 
data from 2019—almost twice the OECD average. The 
rate of treatable deaths (131/100,000 population) is the 
fourth worst among the OECD countries [15, 19, 20]. 
Regarding early mortality in 2019 premature (i.e., in 
the age group of 50–69  years), death rates caused by 
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malignant diseases are the highest in Hungary for both 
sexes (males 741.13/100,000; females 432.86/100,000) 
among the EU countries [21].

Unsuccessful aging of the Hungarian population is 
also reflected by the low number of healthy life years, 
even compared to life expectancy. In 2020, a Hun-
garian man was expected to live healthy disease-free 
life until age 61.7, while a woman has 63.6 healthy 
life years [22]. Two-thirds of Hungarians who are at 
the age 65  years or older report having at least one 
chronic disease, which is 12 percentage points higher 
than the EU average [23]. Only less than 27% of older 
Hungarians consider themselves to be in good health, 
which is one of the lowest rates in the EU [1].

Age-associated chronic non-communicable dis-
eases (including cardiovascular diseases, stroke, type 
2 diabetes mellitus, malignancy, chronic respiratory 
diseases, low back pain, and mental health prob-
lems) account for over 85% of the disability-adjusted 
life years (DALYs) [24]in Hungary. Poor health is a 
major factor contributing to the fact that approxi-
mately 50% of older people (aged 75 years or more) 
have a low level of life satisfaction in Hungary, which 
rate is one of the highest among the member states of 
the EU [1].

Unhealthy aging is a major social and economic 
challenge for Hungary and one of the leading causes 
of impaired societal resilience (e.g., note the link 
between the socio-economic status and mortal-
ity observed in the second and third waves of the 
COVID-19 pandemic and the increased morbidity 
and mortality of the elderly) [25–28]. Due to their 
unhealthy aging, older citizens are at increased risk 
of psychological, social, economic, and biomedical 
problems related to old age, which is a serious obsta-
cle to the creation of a safe society and the sustain-
ability of economic growth. The economic inactivity 
of the unhealthily aging retirement-age population 
harms the national economy whereas successful 
aging can support economic development in many 
ways. Decreased dependency reduces the cost needed 
for social care of the elderly. Healthy, active, and pro-
ductive elderly people, who continue paid or unpaid 
work beyond retirement age, make a positive social 
and economic contribution the society. Accumulation 
of asset wealth of successfully aging elderly and their 
private spending also benefit the economy [29–31]. 
Thus, investing resources and money in disease pre-
vention of age-associated diseases and the promotion 

of healthy aging can yield substantial returns on 
investment, as demonstrated by the median return on 
investment and cost–benefit ratios reported in vari-
ous studies [32]. This makes such investments highly 
attractive and advantageous for society, not only from 
a health perspective but also from an economic one.

The causes of the unhealthy aging of the Hungar-
ian society are likely to be multifaceted and are not 
completely understood. Behavioral risk factors such 
as smoking, low physical activity, obesity, unhealthy 
diet, and hypertension account for half of all deaths 
in Hungary, well above the average of the European 
Union (39%) [15]. A quarter (26%) of Hungarian 
adults smoke regularly, and nearly one in three are 
obese—both above the EU averages [15]. Impor-
tantly, behavioral risk factors (such as smoking, 
low physical activity, unhealthy alcohol consump-
tion, unhealthy diet) are often embedded in material, 
social, economic, environmental, and psychological 
conditions [33, 34]. For instance, smoking preva-
lence is often linked to material hardship, low social 
status, and other life stressors. Strong preclinical and 
clinical evidence support the concept that obesity as 
well as other lifestyle factors exacerbate cellular and 
molecular processes of aging, resulting in acceler-
ated biological aging, which increases the risk for 
cancer, cardiovascular and metabolic diseases, and 
complex multimorbidity, as well as decreases in qual-
ity of life and accelerates cognitive decline [35–38]. 
It is expected that there are also a number of hidden 
or emerging risk factors that may also contribute to 
accelerated aging, promoting the manifestation and 
progression of age-associated diseases and resulting 
in high premature mortality of Hungarians.

The Semmelweis Study: understanding determinants 
of healthy aging

Semmelweis University with over 12,000 students 
currently enrolled and located in Budapest, the capi-
tal of Hungary, is a highly regarded public research 
university renowned for its expertise in the fields of 
medicine and health sciences in Central Europe. The 
university’s mission is rooted in a dedication to inno-
vative education, research, and healthcare services, 
with a particular emphasis on promoting excellence in 
cardiovascular medicine, diabetology, oncology, epi-
demiology, and public health across all levels of train-
ing, research, and practice. Semmelweis University is 



GeroScience	

1 3
Vol.: (0123456789)

the largest provider of healthcare services in Hungary 
and is committed to providing national leadership in 
protecting and improving the health of its population.

To combat the adverse epidemiological situation 
in Hungary, the university is implementing a multi-
disciplinary Healthy Aging Program that spans pre-
clinical, translational, clinical, and public health 
research with the goal of understanding determinants 
of unhealthy aging and developing pharmacologi-
cal, nutraceutical, lifestyle, and other interventions to 
slow/optimize the aging process for the prevention of 
age-related diseases and ultimately extending healthy 
lifespan of the aging Hungarian population. As part 
of the epidemiological pillar of this research program, 
the Semmelweis University performed two popula-
tion-based surveys of cardiovascular risk factors, the 
Budakalász Health Examination Survey [39, 40] and 
the H-UNCOVER survey [41]. The first aimed to 
enroll the adult population (> 20 years, ~ 8000 inhab-
itants) of a Central-Hungarian town, Budakalász. The 
H-UNCOVER study was a cross-sectional survey 
in a representative sample (n = 17,787) for the adult 
Hungarian population to estimate the rate of active 
infection and the prevalence of prior SARS-CoV-2 
exposure during the first wave of the COVID-19 pan-
demic. A secondary goal was to define the prevalence 
of important risk factors for cardiometabolic diseases, 
and that of chronic non-communicable diseases 
(NCDs) [41]. While these population-based surveys 
are able to estimate the prevalence of NCDs and their 
risk factors in Hungary, they were not designed to 
examine the temporal relationship between risk fac-
tors (including novel biomarkers) and disease out-
comes as well as determinants of healthy aging [42].

Inspired by the success of the milestone workplace/
occupational cohort studies of the twentieth century, 
including the Whitehall II study, the British Doctors’ 
Study [43, 44], the Nurses’ Health Study [45], and 
others, we have conceived the Semmelweis Study as 
a prospective workplace cohort study of all employ-
ees of the Semmelweis University. Occupational and 
workplace-based cohorts, comprising employees 
from various facilities within a given industry (e.g., 
members of a professional association) or individual 
facilities and organizations have made significant 
contributions to our understanding of occupation-
related exposures [46] and the relationships between 
employment (e.g., shift work [47]) and health [46]. In 
the past decades, occupational and workplace-based 

cohorts have been designed to investigate an increas-
ingly broadened spectrum of health outcomes [48], 
which resulted in the identification of a wide range 
of social, lifestyle, environmental, and biological risk 
factors that promote the development and progression 
of various chronic diseases.

The Semmelweis Study takes inspiration in par-
ticular from the Whitehall studies. The original 
Whitehall study was designed as a longitudinal work-
place cohort study investigating cardiorespiratory 
disease and diabetes mellitus, looking at individual 
risk factors for disease in a population of middle-aged 
men employed by the British Civil Service. It soon 
became evident that socioeconomic differences in 
the civil service are strong predictors of both physi-
cal and mental illnesses and mortality [49]. Based 
on these findings, the Whitehall II study was then 
set up to examine the contributions of the social 
gradient to health and disease, extending the inves-
tigation to include women. In Whitehall II, men and 
women have been followed-up for over 35  years. 
with repeated clinical examinations and linked elec-
tronic health records, and with cohort maturation, it 
has become an important study of aging (dementia, 
frailty, disability, etc.). Regarding job characteristics, 
major coronary heart disease incidence was highest 
in those who reported high job strain [50], a finding 
subsequently confirmed in large-scale individual-par-
ticipant meta-analyses [51].

Whitehall II was one of the first studies to describe 
biomarker trajectories leading to diabetes diagno-
sis, including the changes in glucose concentrations, 
insulin sensitivity, and insulin secretion [52]. It has 
also shown that “metabolically healthy obesity” (i.e., 
obesity without metabolic risk factor clustering) is a 
transitory state progressing toward glucometabolic 
abnormalities (rather than a stable phenotype [53]) 
and that alcohol consumption, even at moderate lev-
els, is associated with adverse brain outcomes includ-
ing hippocampal atrophy [54]. Accordingly, find-
ings from the Whitehall II study have been featured 
in several clinical guidelines and policy documents 
[55–57].

To move this field of research forward, the over-
all goal of the Semmelweis Study is to identify novel 
etiological mechanisms and risk factors for cardio-
metabolic, mental, cognitive, and malignant diseases 
as well as all-cause and cause-specific mortality, suc-
cessful aging, and frailty with a special interest in 
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socio-economic, psychological, lifestyle, environmen-
tal determinants, and biological markers. The results 
of the cohort study could contribute to the foundation 
of general and personalized interventions support-
ing the successful aging of working populations. The 
effect of interventions addressing these factors could 
be monitored over time using epidemiological meth-
ods and tested in randomized controlled trials within 
the caring university framework. In the following sec-
tion, we describe the aims, objectives, design, data 
collection, analysis, and operational strategies of this 
novel workplace cohort study.

Aims and objectives of the Semmelweis Study

The Semmelweis Study has been conceived to inves-
tigate the mechanistic links between lifestyle, envi-
ronmental and occupational risk factors, and devel-
opment and progression of chronic age-associated 
diseases. The study aims to identify groups of peo-
ple who are aging unsuccessfully and therefore have 
an increased risk for such diseases [58]. We envision 
that the results of this cohort study targeting univer-
sity employees may assist universities in supporting 
their employees to live the longest and healthiest life 
possible by identifying actions to promote health and 
well-being for all.

The Semmelweis Study consists of a baseline 
examination and 5-year follow-up examinations with 
assessments similar to the baseline examination. In 
addition, using data linkage to administrative data-
bases, we plan to collect follow-up data regularly 
(every 2  years) on medication use, hospitalizations, 
sick leave, and social benefits. The following long-
term objectives are defined:

	(I)	 To characterize the health status and health 
determinants of Semmelweis University staff 
by defining the prevalence of cardiometabolic, 
neuropsychological mental/behavioral disor-
ders, musculoskeletal diseases, neoplastic dis-
eases, and risk conditions

	(II)	 To describe causal and non-causal risk factors 
and health determinants of incident chronic 
diseases and mortality, such as health behav-
iors including diet, physical activity (especially 
during leisure time) and lifestyle factors, sleep 
hygiene and sleep–wake cycle, psychological 

well-being, determinants and competencies of 
resilience and self-efficacy, stress-management 
skills, and protective determinants which can 
be developed or strengthened (e.g., mental flex-
ibility, resilience, self-motivation)

(a)	 This includes an assessment of the gap 
between the chronological and biological 
age to identify the biological, physical, and 
psychological determinants of healthy aging 
and late-life flourishing.

(b)	 The complex relationships among psycho-
social, behavioral, and environmental risk 
factors, biological age, and the incidence of 
age-associated diseases, such as cardiovas-
cular disease (CVD), cancer, metabolic dis-
eases, depression, and other outcomes will 
be analyzed.

(c)	 Molecular biology and laboratory analyses 
of biospecimens will be performed to elu-
cidate mechanisms contributing to acceler-
ated aging phenotypes.

(d)	 Additional nested case–control and case-
cohort studies using stored biospecimen to 
determine novel promising biomarkers with 
the optimal use of available resources will 
be performed.

	(III)	 Semmelweis Study using repeat clinical exami-
nations and sample collections will assess 
changes in health status and health determi-
nants to facilitate understanding the natural his-
tory of diseases and aging through the investi-
gation of trajectories of these markers.

	(IV)	 The use of standardized data collection allows 
comparisons with general population studies if 
the same indicators are available from census 
and/or health examinations or interview sur-
veys. It also facilitates international compari-
sons with similar occupational cohorts such as 
the Whitehall II study.

	(V)	 Through data sharing agreements, results of 
Semmelweis Study participants can be included 
in international consortia that aim to investigate 
rare outcomes (where our and other cohorts by 
themselves have insufficient power) or more 
frequent outcomes but with much more preci-
sion.
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	(VI)	 The study could assist in identifying at-risk 
populations that could benefit from targeted 
health promotion and prevention interven-
tions, including those based in the workplace. 
By identifying specific groups who may be at 
higher risk for certain health conditions, inter-
ventions can be tailored to address their unique 
needs and circumstances, potentially leading to 
more effective and efficient prevention efforts. 
Furthermore, workplace-based interventions 
have the potential to reach a large number of 
individuals and may have a significant impact 
on improving health outcomes for employees. 
Collecting data before and after the implemen-
tation of interventions can help to investigate 
the long-term effectiveness of these measures, 
which can complement the short-term quality 
control studies.

The specific objectives for the first 5  years of 
the study (the part that has funding secured) are to 
quantify the effect of socio-economic, psychologi-
cal, lifestyle, and environmental determinants and 
biological markers on metabolic, cardiovascular, 
psychological, and psychiatric diseases, as well as 
mortality (Table 1).

An extremely important result of the Semmel-
weis Study is that by providing weights for different 
risk factors of chronic diseases, it will enable recali-
bration of generally used risk calculators tailored 
to the Hungarian population. These calculators will 
help clinicians estimate risks for individual patients 
and could also be used to determine target popula-
tions and priorities for health promotion programs. 
The results could be also used to model the out-
comes of different intervention programs.

A deeper understanding of the aging process at 
genetic, molecular, organ, and system levels, and 
identifying the biological, physical, and psychoso-
cial factors of successful aging will contribute to 
the development of national programs for healthy 
aging. A potential unique outcome of the study is 

the input for the development of a comprehensive 
proposal on how employees can optimize their 
physical and cognitive aging, thereby improving 
wellbeing and quality of life and increasing their 
healthy life expectancy. The Whitehall study dem-
onstrated that the social gradient within the civil 
service is associated with inequalities in health and 
the incidence of chronic diseases [59–67]. Given 
the differences between the social structure of the 
UK and Hungary and the potentially larger variabil-
ity in wealth and social status within Hungary, we 
expect that the Semmelweis Study will reveal previ-
ously unknown factors determining the social gra-
dient in morbidity and mortality, which are specific 
to Hungary and Central Europe. A long-term aim 
of the Semmelweis Study is to identify the mecha-
nisms that contribute to inequalities in biological 
aging, cardiovascular and cerebrovascular diseases, 
and diabetes mellitus in the investigated population.

The Semmelweis Study within the framework 
of the “Semmelweis Caring University” model 
program of Semmelweis University

The leadership of the Semmelweis University has 
realized the very complex public health challenges 
of Hungary and the lack of a comprehensive national 
program to address the unhealthy aging of its popula-
tion. Guided by the Okanagan Charter [68], it decided 
to develop a new model program based on the 
“Health Promoting University” initiative, adapted to a 
health sciences university environment. The Semmel-
weis “Caring University” model program is designed 
to improve the health and promote the well-being 
of all the university’s employees using cutting-edge 
approaches to public health and preventive medicine 
[42]. The “Caring University” model program also 
serves as a pilot project for national health promotion/
disease prevention programs implemented in occupa-
tional settings.

Table 1   Specific endpoints 
of the study

Primary endpoints: Obesity, metabolic syndrome, T2DM, hyperten-
sion, hyperlipidemia, arteriosclerosis

Secondary endpoints: Other cardiovascular diseases
Tertiary endpoints: Cognitive impairment, dementia
Further endpoints: Burn-out, musculoskeletal problems, depression
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The “Caring University” model program provides 
a university-wide context to the Semmelweis Study. 
Semmelweis University adopted a conceptually new 
approach and created a multifunctional and multi-level 
service center (Center of Preventive Services). The 
goal of the Center of Preventive Services is to provide 
integrated preventive services, including health pro-
motion programs and lifestyle counselling based on 
health status and medical risk assessment. The Sem-
melweis Study was conceived to be an integral part 
of the “Caring University” model program from its 
start. First, the description of the health status of the 
employees provides data for the planning of the size of 
preventive services. Furthermore, with the identifica-
tion of the risk factors with the most population-attrib-
utable risk, it helps the planning of the actual services 
to reach the most health gain for the employee popula-
tion. Second, as the study aims to explore social deter-
minants of health, it could provide important input 
to promote the health equality of university workers. 
Third, given the planned repeat 5-year assessments of 
the Semmelweis cohort, it could provide long-term 
efficiency data for the Center of Preventive Services.

The Semmelweis Study was initiated as a col-
laborative effort of the Department of Public Health, 
the Institute of Behavioral Sciences, the Center for 
Health Technology Assessment, the Faculty of Health 
Sciences, and the Heart and Vascular Centre of the 
University with additional support from experts at the 
Department of Epidemiology and Public Health at 
University College London, the Department of Epide-
miology at Columbia University Mailman School of 
Public Health and the Department of Health Promo-
tion Sciences at the Hudson College of Public Health, 
University of Oklahoma Health Sciences Center on 
specific aspects such as health inequality and assess-
ment of biological age and cognitive function in 
2021. The Semmelweis Study also benefits from 
input from the World Health Organization (WHO), 
which is leading the implementation of the United 
Nations Decade of Healthy Ageing (2021–2030) in 
collaboration with other UN organizations and serves 
as the Decade Secretariat [69]. This global collabora-
tion aims to improve the lives of older people, their 
families, and the communities in which they live, 
and the Semmelweis Study aligns with this mission 
by investigating the factors that contribute to healthy 
aging and identifying interventions that can improve 
the health and well-being of older adults.

Methods

Design and sample

The Semmelweis Study is planned to be a prospec-
tive occupational cohort study. It intends to build 
on the experiences of the British Whitehall II study 
conducted by University College London [49]. Sem-
melweis Study will comprise a baseline data collec-
tion with an open healthcare data linkage followed by 
repeated data collection waves every 5 years.

The study aims to enroll all employees of Sem-
melweis University aged 25  years and older, a 
population of 8866 people (at the time of the writ-
ing of this summary), 70.5% of whom are women. 
There are no exclusion criteria for the question-
naire; however, some of the laboratory or other 
physiological examinations have specific exclusion 
criteria. For example, no oral glucose tolerance test 
is performed in persons with known diabetes or a 
fasting glucose > 7 mmol/l (based on point of care 
glucometer). Furthermore, we exclude all known 
pregnant women from the physiological and labo-
ratory examinations. The participation rate in the 
baseline data collection is expected to be around 
70%, taking into account the baseline participa-
tion rates of similar occupational cohorts con-
ducted in Europe (e.g., GAZEL [70], the Helsinki 
Health Study [71], the Whitehall II study [49], 
the Finnish Public Sector study) [72], particularly 
in healthcare settings (e.g., WHALE study) [73] 
while also considering the response rates in previ-
ous population health surveys in Hungary [74, 75]. 
The most numerous age groups in the target sam-
ple are women 45–49 and men 30–34 years of age 
(Fig. 1).

Given that there are over 100 occupational posi-
tions listed for the employees of Semmelweis Uni-
versity, it is expected that several aspects of work 
characteristics (including socioeconomic status) can 
be investigated (Table 2). To facilitate international 
comparisons, occupational data will be translated 
into the widely used International Standard Clas-
sification of Occupations (ISCO) developed by the 
International Labour Organization (ILO).

While employees will be contacted through the 
use of university-provided e-mail addresses and 
mobile phones for the first wave of data collec-
tion, we will collect personal e-mails, addresses, 



GeroScience	

1 3
Vol.: (0123456789)

and phone numbers as contact information for 
later waves. This will allow tracking participants 
retiring or moving to other employers. Awareness 
will be also enhanced by university-wide informa-
tion campaigns, including newsletters and targeted 
departmental meetings. After the goal and struc-
ture of the study are presented, employees will be 
invited to voluntarily participate in the study. Forms 
of informed consents for data collection and passive 
data linkage with healthcare data from the National 
Health Insurance Fund will be collected at the base-
line assessment. The baseline data collection is 
expected to start in the second quarter of 2023.

Baseline data collection and derived variables

Questionnaire‑based data collection

At baseline, a computer-assisted personal inter-
view is completed including a self-completed 

questionnaire on the most important socio-eco-
nomic and health-related factors (i.e., lifestyle 
factors, mental health status). The survey has 
been compiled specifically for the study com-
prising of questionnaires that are well-accepted 
and validated internationally and also in Hungary 
(Table 3; Supplement 1).

A main component of the questionnaire comes 
from the European Health Interview Survey (EHIS) 
wave 2 and consists of four modules: (a) health status, 
(b) healthcare use, (c) health determinants, and (d) 
socio-economic variables. The health status module 
covers self-perceived health, chronic diseases known 
by the respondents, limitations in activities, and men-
tal health. The healthcare use module covers the use 
of different types of healthcare services, including 
hospitalizations, consultations, preventive (among 
them screening) services, and medications, and unmet 
needs for healthcare. The health determinants module 
collects data on smoking and alcohol consumption, 

Fig. 1   Age distribution 
of the target sample, the 
employees of Semmelweis 
University. Aggregated 
data were provided by the 
Semmelweis University HR 
Department

Table 2   Occupational 
characteristics of 
Semmelweis University 
employees in the target 
sample (aged ≥ 25). 
Aggregated data were 
provided by the Department 
of Human Resources of 
Semmelweis University

Female (%) Male (%) Total (%)
n = 6247 (70.5%) n = 2619 (29.5%) n = 8866 (100%)

Age (SD) 44.0 (11.0) 44.5 (11.9) 44.1 (11.3)
Occupation

  Healthcare 3462 (55%) 915 (35%) 4377 (49%)
  Academic 843 (13%) 813 (31%) 1656 (19%)
  Administrative 1357 (22%) 318 (12%) 1675(19%)
  Manual 344 (6%) 453 (17%) 797 (9%)
  Other 241 (4%) 120 (5%) 361 (4%)
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physical activity, and dietary habits. Background 
variables on demographics and socio-economic status 
will be collected, including age, sex, education, living 
conditions, education, employment, occupation, and 
income [76].

Psychological factors are important correlates 
of health and productivity and poor psychologi-
cal health is associated with several physical health 
conditions [72, 77–81]. The Job-Demand-Control-
Support model by Karasek and Theorell is a useful 
tool for examining the impact of job characteristics 
on employees’ psychological well-being and physical 
health [82]. This model highlights how job demands, 
such as heavy workload and role ambiguity, can lead 
to stress for employees. The model suggests that 
individuals can mitigate these stressors by utilizing 
job skills that promote autonomy and control. Stud-
ies have shown that high demand and low control 
in the workplace are associated with various health 
issues, including cardiovascular and mental disorders 
[82–87]. However, social support at work can allevi-
ate the negative effects of these working conditions. 
Therefore, a comprehensive set of inventories and 
questionnaires will be used in the study. Overall psy-
chological well-being will be assessed by SF-36 and 

EuroQoL. Daily stress will be assessed with the Per-
ceived Stress Inventory. The Hungarian version of the 
10-item Perceived Stress Scale (PSS10) will be used 
to measure the participants’ perception of stress [88]. 
The PSS10 was designed to measure “the degree to 
which individuals appraise situations in their lives 
as stressful” [89]. The items evaluate the degree to 
which people find that life is unpredictable, uncon-
trollable, or overloaded. As the questions are quite 
general in nature, they are relatively free of content 
specificity to any population subgroup. As the stress/
coping balance is a better predictor of psychological 
status than stress itself, three important determinants 
of the stress-to-coping balance are investigated: social 
support (Multidimensional Perceived Social Support 
Scale), resilience (Resilience Questionnaire), and effort/
reward balance (Siegrist Questionnaire).

The 15-item Hungarian version of the Effort-Reward 
Imbalance (ERI) Questionnaire [90]will be used to 
measure chronic work-related stress that was reported to 
predict health conditions [91, 92]. Its core assumption 
is that the imbalance between high efforts spent and 
low rewards received in turn leads to an increased risk 
of poor health. Four indicators can be computed from 
the raw scores: effort, reward, effort-reward imbalance, 

Table 3   Questionnaire 
domains at baseline 
assessment

Abbreviations: AUDIT-
10, 10-item Alcohol Use 
Disorders Identification 
Test; EHIS, European 
Health Interview Survey; 
EurQoL, European Quality 
of Life Scale; ICAR-5, 
5-item International 
Cognitive Ability Resource 
test; IPAQ Short Form, 
Short form International 
Physical Activity 
Questionnaire; SF-36, 
36-Item Short Form Survey; 
VAS, visual analog scale

Factors Source of questionnaires/items

Sociodemographic factors EHIS 2019 Hungarian version [76]
Job security Copenhagen City Heart Study [202]
Family history Whitehall II [203]
Medications EHIS 2019 Hungarian version [76, 204]
Health status/diseases EHIS 2019 Hungarian version [76, 204]

VAS of EurQoL [205]
Quality of health SF-36 [206]
Smoking, e-cigarettes Heaviness of Smoking Index [207]
Alcohol consumption AUDIT-10 [208]
Physical activity IPAQ Short Form [209]
Sleeping quality Pittsburg Sleep Quality Index [102]
Oral health WHO Oral Health Questionnaire for Adults [210]
Nutrition EHIS 2019 (Hungarian version)
Cognitive function ICAR-5 [105, 107]
Stress Perceived Stress Scale [88, 89]

Effort-reward imbalance [90, 91]
Social support [99, 100]
Maslach burnout inventory [211]

Quality of relationships Relationship structure [97, 98]
Marital stress [93, 94]
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and over-commitment. We also aim to screen the partic-
ipants for burnout (Maschlach Burnout Inventory), an 
important non-clinical, workplace-based consequence 
of stress.

In addition to workplace-based psychosocial fac-
tors, we plan to collect non-workplace-related inter-
personal factors using the following questionnaires. 
The Shortened Marital Stress Scale (SMSS), a short-
ened, Hungarian version of the Stockholm Marital 
Stress Scale [93] will be used to measure the quality 
of marital relationship [94, 95]. Its validation was per-
formed among patients with cardiovascular diseases 
and in two studies on the general population in Hun-
gary [96]. The Experiences in Close Relationships-
Relationship Structures Questionnaire (SECR-RS) 
will be used to assess attachment toward the romantic 
partner [97, 98]. The validated shortened Multidimen-
sional Scale of Perceived Social Support (MSPSS) 
questionnaire will be used to assess perceptions of 
social support adequacy from three specific sources: 
family, friends, and significant others [99, 100].

Sleep is a further important determinant of mental 
and physical health. Sleep quality and timing (which 
are important determinants of healthy aging) will be 
assessed by using a Hungarian adaptation of the Pitts-
burgh Sleep Quality Index (PSQI-HUN; [101, 102]). 
The PSQI is a widely used psychometric tool, designed 
for the evaluation of subjective sleep quality and specific 
sleep-related symptoms in healthy and clinical popula-
tions. Likewise, PSQI-HUN was found to be a valid and 
reliable measure of sleep quality in Hungarian people 
[102]. The Hungarian adaptation addresses the differ-
ence between work- and free-day sleep timing that are 
key markers of chronotype and social jetlag [103, 104].

Intelligence is a modifier of psychosocial status 
and determinant of the response to stress—yet its 
role was rarely investigated in previous longitudinal 
studies. Given the time constraints of the study, the 
International Cognitive Ability Resource (ICAR-16) 
test will be conducted only in a subsample of the 
Semmelweis cohort. ICAR-16 [105] is a short, open-
source intelligence test that highly correlates with tra-
ditional, longer, copyrighted intelligence tests [106]. 
ICAR-5, an abbreviated version of ICAR-16, will be 
used in the main Semmelweis Study that is a set of 
rapidly solvable and variable items that strongly cor-
relates with the results of ICAR-16 [107].

Physical health examination and physiological 
measurements

The clinical screening, consisting of a health assess-
ment by physical examination and physiological meas-
urements, will be performed on the same day as the 
questionnaire completion. During the screening, we 
will assess anthropometric parameters, estimate body 
composition, and measure systolic and diastolic blood 
pressure by trained research staff according to stand-
ard operating protocols. Participants will also take part 
in a series of specialized physiological examinations 
focusing on macro- and micro-vascular and cognitive 
functioning (Table 4).

Anthropometric parameters (height, sitting height, 
weight, waist, and hip circumference) will be meas-
ured to assess general nutritional and metabolic status. 
These measures also provide information for derived 
variables (e.g., body mass index (BMI), waist-to-hip 
ratio (WHR), waist-to-height ratio, height-to-sitting 

Table 4   Measured 
parameters and 
physiological tests at 
baseline assessment

* These measurements will 
be performed in sub-groups

Blood pressure
Anthropometric data Height, weight, waist circumference
Body composition
Grip strength
Cognitive function Multi-domain (attention, psychomotor speed, executive func-

tion, spatial working memory, memory)
Peripheral vasculature Arterial stiffness

Microcirculatory reactivity (post-occlusive reactive hyperemia)
Central vasculature Fundus imaging

*Transcranial Doppler sonography
Gait pattern
Cortical connectivity *Electroencephalogram (EEG)

*Functional near-infrared spectroscopy (fNIRS)
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height ratio). To better characterize body composition, 
a multi-segment impedance-based measurement is 
also included [108]. Grip strength (GS) will be meas-
ured via a hand dynamometer [109]. Low GS is con-
sidered to be a biomarker of sarcopenia [110, 111] and 
frailty [112].

Blood pressure will be taken in a seated position 
on the upper arm in duplicates. Ankle-brachial index 
(ABI) will be measured in the supine position on the 
upper and lower extremities with a fully automated 
system. ABI is a strong predictor of macrovascular 
events and its inclusion was shown to improve the 
performance and cost-effectiveness of the Framing-
ham Risk Score (FRS) [113, 114].

Carotid-femoral pulse wave velocity (cfPWV), an 
indicator of arterial stiffness, will be measured by an 
applanation tonometry-based device. Higher aortic 
stiffness is a well-accepted independent predictor of 
first cardiovascular events [115]. Furthermore, using 
repeat measures of this measure, we can use change 
in cfPWV (or its trajectory) as an intermediate out-
come proving that such “soft” endpoints predict a 
later occurring disease.

Another important aspect of vascular health is 
measured as the reactivity of vessels to the changing 
environment. The inner lining of vessels, the endothe-
lium is a major regulator of vascular diameter, and its 
preserved function is essential for the normal func-
tioning of blood vessels. The gold standard assess-
ment of vascular reactivity (Flow Mediated Dilation 
(FMD) test) improved the prognostic value of the 
FRS [116, 117]; however, it is technically challenging 
and requires extensive standardization [118]. There 
are novel methods to assess endothelial function and 
vascular reactivity (e.g., finger plethysmography, 
retinal flicker test), but their clinical value requires 
further longitudinal testing [118]. We will assess 
microvascular reactivity using laser speckle contrast 
imaging at the baseline examination of the Semmel-
weis Study [119].

The participants’ gait will be evaluated in both a 
control condition and during cognitive stimulation 
(while counting backwards) using the Protokinet-
ics Gait Analysis Mat. Gait velocity without cogni-
tive stimulation is a recognized indicator of general 
mobility, with low gait velocity being considered a 
biomarker of accelerated aging [120] and a predic-
tor of falling, cardiovascular events, and all-cause 
mortality [121]. In addition to assessing physical 

condition, gait analysis, particularly during cognitive 
stimulation, offers valuable insight into the health of 
the central nervous system. Walking relies on vari-
ous brain areas, and gait pattern and regulation may 
change during the development of cognitive impair-
ment or in sub-clinical pathological conditions, such 
as cerebral small vessel disease [122].

The retina and cerebral microvasculature share 
similar embryological origins and possess similar 
structural and functional characteristics (including 
microvascular barrier function, autoregulation, and 
neurovascular coupling responses, the role of peri-
cytes and glial cell connections). Thus, retinal micro-
vascular alterations may reflect alterations in the cer-
ebral microvessels (e.g., small vessel disease). Recent 
studies demonstrate that biological age (see below) 
and risk for cardiovascular and neurodegenerative 
diseases can also be predicted on the basis of fundus 
images [123–125]. We will perform non-mydriatic 
color fundus photography (FP) on each participant to 
collect information on different characteristics of the 
retinal microvasculature (arterial and vein diameter, 
vascular density, and branching). In addition to fre-
quently used imaging biomarkers, we will search for 
novel quantitative parameters in collaboration with 
the ophthalmic reading center of Semmelweis Uni-
versity that could improve the prediction of chronic 
diseases and aging.

Laboratory examinations

Fasting native and anticoagulated blood (serum, 
plasma, peripheral blood mononuclear cells) and 
morning first void urine samples will be obtained. 
Routine bioassays will be performed at the Depart-
ment of Laboratory Medicine of Semmelweis Uni-
versity (Table  5). Additional samples will be fro-
zen at − 80  °C for later determination with a special 
emphasis on multi-omic methodologies (genetic pan-
eling, multiprotein arrays, and biomarkers of aging). 
We will deposit biospecimens in accordance with the 
Semmelweis University Biobank regulations for future 
research. These samples will serve several intercon-
nected purposes. First, hypothesis-free testing can be 
performed to investigate strong predictors of diseases 
and cause-specific mortality, and their potential to 
improve disease risk calculators can be assessed. Sec-
ond, these samples can be involved in large consortia 
to identify novel predictors and to better characterize 
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their association with different outcomes. Third, novel 
(frequently not yet known) biomarkers can be meas-
ured in stored samples in a case–control or case-cohort 
design to optimize the use of available resources. For 
example, proposed biomarkers of aging (e.g., IGF-1 
[126, 127]) or cardiovascular disease (e.g., Lp(a) 
[128]) can be measured in these stored samples.

Aging is a major risk factor for cardiovascular dis-
eases, and good cardiovascular health is essential to 
reach advanced age, to avoid disability, and increase 
the health span of individuals. Hence, a focus of the 
laboratory measures is to provide parameters for vas-
cular risk estimation, including those used in routine 
laboratory practice. For example, total cholesterol, 
HDL-cholesterol, and triglyceride concentrations will 
be measured to provide a simple estimation of lipid 
status. In addition, apolipoprotein B (Apo B) will 
also be measured, as Apo B is thought to be a more 
accurate marker of cardiovascular risk than LDL-
cholesterol or non-HDL-cholesterol [129–131]. Simi-
larly, markers of other organ systems will be routinely 
measured (hepatic, renal function, blood cell counts, 
etc.).

Both diabetes mellitus and prediabetes increase 
the risk of macro- and microvascular disease [132]. 
While HbA1c-diagnosed diabetes mellitus seems to 
be sufficient for the diagnosis of diabetes-associated 

vascular risk from a clinical point of view [133], other 
markers of glycemia are necessary to better under-
stand the natural history of diabetes development. 
We have previously shown that different subtypes 
of diabetes mellitus and prediabetes based on the 
75  g oral glucose tolerance test (OGTT) and serum 
insulin levels have different vascular risks and could 
improve our understanding of the heterogeneity of 
type 2 diabetes [134–137]. Furthermore, by describ-
ing trajectories of different biomarkers (including gly-
cemic measures), the natural history and the different 
paths toward diabetes development can be described 
[52, 134, 138]. Given these considerations, we plan 
to perform a 3-point OGTT (with fasting, 30-min, 2-h 
blood draws) to collect samples for the determination 
of serum glucose and insulin levels.

Serum albumin was formerly considered a bio-
marker of liver synthetic capacity. However, recent 
studies have clearly shown that it has several physi-
ologic functions, and it is also a useful biomarker of 
nutritional status. Furthermore, hypoalbuminemia is 
associated with poor postoperative outcomes [139, 
140]. As the predictive value of albumin in people 
without an inflammatory status is complex [141], the 
concurrent measurement of C-reactive protein (CRP) 
with a hypersensitive assay (hsCRP) in our prospec-
tive study allows the investigation of its accuracy 

Table 5   Laboratory parameters measured at baseline assessment

Abbreviations: GGT​, gamma-glutamyl transferase; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic-pyruvic transaminase; 
HDL, high density lipoprotein; OGTT​, oral glucose tolerance test; TSH, thyroid-stimulating hormone; LDL, low density lipoprotein; 
TC, total cholesterol; hsCRP, high-sensitivity C-reactive protein

Blood samples

Liver function tests ALT, ASP, ALP, albumin, total protein, bilirubin, GGT​
Kidney function tests Urea, creatinine, estimated GFR
Pancreatic function test Lipase assay
Diabetes/insulin resistance screening (+ OGTT) fasting plasma glucose, HbA1c level, insulin
Fluid and electrolyte panel Sodium, potassium, calcium, magnesium, chloride, 

phosphate, bicarbonate
Lipid panel TC, HDL-C, triglyceride, Apo B
Thyroid TSH
Inflammation marker C-reactive protein (hsCRP)
Complete blood count (CBC)
Other Uric acid
Urine sample

  Protein panel Total protein, albumin
  Kidney function Creatinine
  Fractionated urinary excretion of   Na+, K+, Ca2+
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as a nutritional biomarker and predictor of different 
outcomes.

The Semmelweis Study also includes creatinine 
measurements, GFR calculation, and quantitative 
urine protein (total and albumin) analysis, which 
provides a useful insight into early kidney disease, 
and possibly is a biomarker of microvascular disease 
[142].

Estimation of biological age

The aging process underlies a wide range of chronic 
diseases (“aging-induced diseases”) and conditions, 
including cardiovascular and cerebrovascular dis-
eases, neurodegenerative diseases, neoplastic diseases, 
arthritis, osteoporosis, type 2 diabetes mellitus, and 
hypertension. This is supported by the fact that chron-
ological age is the most important (yet unmodifiable) 
risk factor for these diseases. Organismal aging is also 
characterized by an exponential increase in the age-
dependent mortality rate.

The field of geroscience distinguishes between 
chronological age, which represents the number of 
years a person has been alive, and biological age, 
which captures inter-individual differences in age-
related molecular, cellular, and functional changes 
underlying morbidity and mortality. In other words, 
biological age represents how old a person appears 
to be, based on his or her physical characteris-
tics (“appearance”), physiological functioning, and 
molecular, biochemical, and cellular characteristics. 
Unsuccessful/unhealthy aging is characterized by a 
biological age that is older than one’s chronological 
age. People who have biological ages that are older 
than their chronological ages experience earlier mani-
festation and higher rates of age-associated diseases 
and mortality. Successful/healthy aging in contrast 
is characterized by a biological age that is younger 
than one’s chronological age. People who have bio-
logical ages that are younger than their chronological 
ages have reduced risk for age-associated diseases 
and mortality. In the past decade, robust measures of 
biological age have been developed based on epige-
netic markers, biochemical measures, and physical 
assessments [143–150]. These validated measures of 
biological age have proven useful for comparing rates 
of age-related functional decline and predicting age-
related outcomes. In the Semmelweis Study, multi-
ple measures of biological age will be calculated to 

estimate individual rates of aging and to identify sub-
groups of people at risk for the development of age-
associated chronic diseases [151–155].

In addition to genetic and biochemical parameters, 
artificial intelligence-assisted and machine-learning 
techniques are being increasingly used to predict bio-
logical age. For example, images of people’s faces 
[156, 157] can be used to estimate biological age.

In the Semmelweis Study, we plan to collect 
anonymized images of eye corners or face images as 
well as fundus photographs of each participant to esti-
mate biological age. Recent studies using deep learn-
ing technology can predict retinal microvascular age 
which was significantly associated with incident car-
diovascular diseases as well as mortality and develop-
ment of neurodegenerative diseases [123–125].

Logistics of baseline data collection

The baseline data collection will take place on Uni-
versity premises specifically designed for the pur-
poses of the Study. A maximum of 10 people per 
day are expected during the baseline assessment, 
one group in the morning and one in the afternoon. 
Considering the expected participation rate, com-
pletion of baseline data collection is anticipated in 
approximately 3 to 4 years. The personnel dedicated 
to the Study will be trained to follow standard study 
procedures.

Follow‑up and expected attrition

Passive data linkage with administrative databases 
of the National Health Insurance Fund (NHIF) will 
allow the generation of several study outcomes with 
dates. The NHIF databases contain information on 
diagnoses and procedures for out- and inpatient care 
events, prescriptions filled, sickness benefits, all-
cause, and cause-specific mortality for each indi-
vidual. Furthermore, we will also seek permission to 
use the National eHealth Infrastructure that contains 
the electronic health records for all out- and inpa-
tient events including data on imaging and laboratory 
measurements. While this database has a great oppor-
tunity for research use, the different methodologies 
and provider-related differences require validation 
before its research use.

In subsequent phases of the Semmelweis Study, 
we plan to collect similar data to the baseline 
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examination in 5 yearly intervals. This allows com-
parability of the baseline and subsequent phases and 
allows adjustment for time-varying covariates that 
enhance the investigation of independent predictors 
of different outcomes. Furthermore, we have previ-
ously shown that disease prediction may be improved 
by the use of repeat measures [158]. Repeated data 
collections allow to use different waves as baselines 
when developing risk prediction models for a cer-
tain time horizon (e.g., 5 or 10  years), thus hugely 
improving statistical power and facilitating the most 
parsimonious use of available data [133, 159]. In 
addition, repeated measures allow us to analyze tra-
jectories of biomarkers that can help in understanding 
disease development [160–164].

Another potential of repeat data collection in subse-
quent phases of the Semmelweis Study is to add novel 
biomarkers and tests that could further enhance our 
understanding related to the development of a diverse 
range of age-related pathologies. These biomarkers 
may yet be unknown or their prohibitive price could 
preclude their collection at baseline. A non-exhaustive 
list of these includes the assessment of clonal hemat-
opoiesis of indeterminate potential (CHIP, a com-
mon aging-related phenomenon in which mutations in 
hematopoietic progenitor cells contribute to the clonal 
proliferation of pro-inflammatory, disease-promoting 
subpopulation of blood cells), omics-based biomarkers 
including proteomic biomarkers (e.g., the SomaLogic 
v4.1 platform allows for the detection and quantifica-
tion of over 7000 proteins simultaneously in a single 
sample) and epigenetic clocks (a set of biomarkers that 
use DNA methylation patterns to estimate a person’s 
biological age), and the extensive characterization of 
inflammatory, hormonal and other aging-associated 
biomarkers (e.g. exosome-based biomarkers). Longitu-
dinal measures of subclinical cardiovascular, cerebro-
vascular, and neurodegenerative diseases could be gath-
ered through serial ultrasounds and CT or MR imaging. 
Novel methods of data collection using digital and 
wearable technologies on lifestyle measures (regarding 
diet, physical activity, sleep, and social networks) could 
provide better quality information compared to stand-
ard questionnaires. Furthermore, as the cohort is aging, 
data on hearing and visual impairment, bone and dental 
health, and pulmonary disease will also be gathered.

To optimize the use of the samples stored in 
the Semmelweis Study Biobank, we will set up 
nested case–control and case-cohort studies that are 

cost-effective ways to investigate novel biomarkers of 
different outcomes [165].

To cover transitions from a healthy state to the 
preclinical stage and clinical disease, the length of 
follow-up is planned for at least 20  years and will 
depend on the availability of continuous funding.

In addition to investigations covered by the main 
Semmelweis Study protocol, further embedded stud-
ies are also planned that will answer specific ques-
tions (such as quality of sleeping, different aspects of 
aging, or cognitive functioning; pharmacovigilance 
data [166, 167]) using more detailed phenotyping of 
the participants using the Semmelweis cohort as the 
source population. The data collected in the Sem-
melweis Study will be openly shared with the wider 
research community in accordance with the FAIR 
principles [168]. This will likely increase the impact 
and value of the research, as other researchers can 
use the data to replicate or build upon the findings, 
thereby advancing scientific knowledge in the field.

We expect higher response rates at the follow-up exam-
inations compared to the baseline examinations, as was 
found in other cohort studies [49, 71, 73]. Furthermore, 
we plan to provide regular feed-back to participants on 
the findings of the study on the Semmelweis Study web-
page and in newsletters. Furthermore, there is a perceived 
benefit of receiving a free health check at 5-year intervals 
by highly trained professionals. In addition, a university-
wide benefit program is underway in the framework of the 
“Semmelweis Caring University Program” [42].

Statistical power calculation

For statistical power [169] calculation, we used the 
“Episheet” tool, created by Rothman et al. [170] For 
these calculations, we assumed an overall 70% partic-
ipation rate leading to an analytical sample of approx-
imately 6200 participants and made the calculation 
for a 5-year follow-up. Next, we modelled different 
scenarios based on the cumulative incidence esti-
mated using literature data of the primary outcomes 
of the Semmelweis Study (metabolic syndrome 
[171], hypertension [172], diabetes [173], and obesity 
[174]). For the calculations, we set the alpha level to 
5% and statistical power to 80%. We provide a table 
with the number of participants exposed required 
for 6 relative risk (RR) levels when the upper tertile 
(exposed) is compared to the bottom two tertiles for a 
continuous risk factor (Table 6).
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Further, we also provide a table with a number of 
participants required for hypothetical outcomes with 
different incidence levels (Table 7). For example, for 
type 2 diabetes mellitus (after the exclusion of ~ 400 
prevalent cases at baseline [175, 176]) as an outcome, 
with an estimated cumulative incidence of 4.1% in 
the unexposed group, our study has sufficient power 
to detect risk factors that have a relative risk of 1.4 
or higher (when comparing the top to the bottom two 
tertiles). For hypertension (that has a higher estimated 
incidence of 16% and a higher prevalence of 22.6%) 
[177], the corresponding RR cutoff is 1.2.

The results of our power calculations are further 
supported by previous experiences from the White-
hall study that medium-sized prospective cohort stud-
ies have sufficient statistical power at similar relative 
risk levels [158, 159].

Operational strategies

Although the Semmelweis Study is run using its dedi-
cated team separate from other Semmelweis Univer-
sity–related activities in order to maintain the high 
quality and confidentiality of the collected data, it 
is an important part of the overall Semmelweis Car-
ing University Model Program. If a participant is 

diagnosed with an incident chronic disease based on 
the laboratory evaluation during Semmelweis Study 
or is found to have an elevated vascular risk, he/she 
has the opportunity to visit the Centre of Preventive 
Services (CPS) of Semmelweis University [42]. The 
Health Risk Assessment Unit of the CPS provides 
care for employees with elevated cardiovascular 
and metabolic risk without manifest chronic disease 
diagnosis.

The Semmelweis Study is administered by a 
Semmelweis University-based Management Com-
mittee of co-Principal Investigators, supported by 
a team of national and international consultants, 
and seeks approval from the Hungarian Medical 
Research Council and the National Centre for Pub-
lic Health.

All data collected from questionnaires, physical 
examination, clinical samples, and data linkage are 
handled securely and confidentially in accordance 
with the provisions of the General Data Protec-
tion Regulation (GDPR) that was implemented in 
Hungary and is enforced by the National Author-
ity for Data Protection and Freedom of Informa-
tion (NAIH). In accordance with the regulations of 
the GDPR, a data protection impact assessment has 
been carried out with the Data Protection Center of 
the University.

Table 6   Sample size 
calculations for the 
Semmelweis Study’s 
primary outcomes and 
different RR effect levels

NA, not enough statistical 
power at these parameters

Primary outcomes (risk in unexposed) Relative risk effect levels

1.1 1.2 1.3 1.4 1.5 1.6

Type 2 diabetes (0.041) NA NA NA 2095 1466 1048
Hypertension (0.16) NA 1676 838 629 419 210
Obesity (0.042) NA NA NA 2095 1466 1048
Metabolic syndrome (0.053) NA NA NA 1676 1048 838
Hyperlipidaemia

Table 7   Calculation 
scenarios based on RR 
effect levels and incidence 
in unexposed subjects

NA, not enough statistical 
power at these parameters

Scenarios for 5-year inci-
dence in unexposed (%)

Relative risk-effect levels

1.1 1.2 1.3 1.4 1.5 1.6

1 NA NA NA NA NA NA
3 NA NA NA NA 1885 1466
5 NA NA NA 1676 1048 835
7.5 NA NA 1886 1048 838 629
10 NA NA 1467 838 629 419
12.5 NA NA 1048 629 419 419
15 NA 1886 838 629 419 210
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All collected information is stored securely in 
our restricted-access computer network data safe 
haven (DSH) portal. Administrative data and medi-
cal information are stored separately and research-
ers only have access to pseudonymized records, 
while the administrative team manages other per-
sonal information. The key to combining the 2 data-
bases is only accessible by the study’s senior data 
manager and the primary investigator through secu-
rity logging of all access.

Institutional commitment

Strong institutional commitment and unequivocal 
support at the leadership level are essential prerequi-
sites for the success of the Semmelweis Study. With 
this realization, the senior leadership of Semmelweis 
University positioned the Semmelweis Study as a 
strategic priority and treated the study as an important 
component of the university’s ambitious institutional 
strategy. The university’s commitment to research 
excellence is well proven by the fact that Semmelweis 
University has the highest proportion of internation-
ally acclaimed, high-impact, highly cited research 
of any major Hungarian university. The university’s 
senior leadership realizes the importance and strate-
gic advantages of establishing a world-class cross-
disciplinary research program focusing on the great-
est societal challenge that Europe and Hungary face 
in the upcoming decades. Semmelweis University is 
committed to facilitating the development of this new 
research initiative that promotes the development of 
international collaborations, drives innovation, and 
supports the development of a national Healthy Aging 
Program that addresses the vexing and challenging 
problems of the greying Hungarian society. The Uni-
versity’s leadership uses its institutional grants pro-
grams and commits significant development funds 
provided by the Government of Hungary to establish 
the infrastructure needed to develop the Semmelweis 
Study. To promote employee participation, the uni-
versity’s Department of Human Resources provides 
a time allowance for participating employees. The 
university’s Directorate of Legal Affairs assigned a 
legal counsel to the management team of the Sem-
melweis Study. The Directorate General of Market-
ing and Communication is tasked with the promo-
tion of Semmelweis Study within the organization 

to the faculty, staff, and participating academics. 
To that end, it maintains contact with the press and 
creates and edits the web page of the Semmelweis 
Study, organizes interviews, places articles in the uni-
versity’s own newspaper, prepares image films, and 
develops the social media strategy of the Semmelweis 
Study. As part of this initiative, the Directorate of 
Brand and Marketing is also tasked with assisting the 
development of the Semmelweis Study to strengthen 
the “Semmelweis brand” nationally and internation-
ally and promote a “Semmelweis identity” within the 
university.

The university’s senior leadership also realizes the 
importance of diverse multi-investigator and multi-
disciplinary research teams, which straddle multi-
ple faculties and departments, working together on 
focused research problems within the Semmelweis 
Study using a team approach. The Semmelweis Study 
advances cross-faculty research collaborations creat-
ing productive ties among the research programs of 
the Faculty of Medicine, Faculty of Health Sciences, 
and the Faculty of Dentistry. Such ties are expected to 
reduce the isolation of researchers and enhance their 
scholarly pursuits, among others. To achieve these 
goals, the leadership of Semmelweis University offers 
funding, equipment grants, salary lines, research 
infrastructure, and encouragement to bring a world-
class team of researchers together across disciplines 
to work on the Semmelweis Study.

Funding strategy

Funding for the initial infrastructure and the base-
line data collection of the study has been provided 
by a series of grants obtained from the Ministry of 
Innovation and Technology of Hungary, the National 
Research, Development and Innovation Fund, the 
European University for Well-Being (EUniWell) pro-
gram, and by the leadership of Semmelweis University 
through the allocation of resources for the purposes of 
the study. Once the cohort is assembled, continuing 
support will be sought from Semmelweis University 
and national and international funding organizations. 
The leadership team of the Semmelweis Study will 
apply for research funding from a variety of spon-
sors, including the National Research, Development 
and Innovation Fund, the Hungarian Academy of Sci-
ences, the European Research Council, and private 
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foundations. The goal is to secure funding to allow 
for an increasingly rich data collection in the upcom-
ing phases through personal contact with the cohort 
participants.

Main strengths and perspectives

The number of prospective cohort studies ongoing in 
Hungary is very limited. The cohort ‘18 Growing Up 
in Hungary [178] is a longitudinal birth cohort initi-
ated in 2018. This countrywide representative study 
follows 8000 children from before conception and 
focuses on childbearing and child development in 
Hungary. Hungary also participates in the Survey of 
Health, Aging and Retirement in Europe (SHARE) 
[179], a collaboration that runs population-based, 
representative waves of panel surveys aimed to give 
a broad picture of life after the age of 50 in EU coun-
tries, including Hungary. We are not aware of ongoing 
cohort studies in an occupational setting in Hungary 
or in Eastern Central Europe of similar size and cov-
erage as the Semmelweis Study, especially in a cohort 
of workers that include healthcare professionals.

We think that our study will be unique and valu-
able in Hungary and Central Europe for several rea-
sons. The observed associations between predictors 
and outcomes will help tune disease risk calculators 
that have either been validated on other populations 
or relatively long ago. With repeated examinations, 
the relationship between patient trajectories and dis-
ease outcomes can be assessed. Moreover, the effect 
of environmental and lifestyle factors on certain bio-
logical markers can be measured leading to a better 
understanding of how their effect is mediated in dis-
ease outcome and progression.

Based on the experiences of other occupational 
cohorts, participation in similar cohorts is much 
higher than in representative samples leading to 
increased internal validity of the results. Even though 
the Semmelweis Study is biased by the healthy 
worker effect and thus not representative of the Hun-
garian population; based on our observation from the 
Whitehall II study, the relative risks within the cohort 
have a good external validity and are close to those 
observed in population-based samples [180].

The Semmelweis Study will also contribute to the 
validation of risk prediction models. Risk predic-
tion is crucial in public health and clinical practice 

to identify high-risk individuals and prevent incident 
disease through risk-tailored management. Predic-
tion models are also important at the population level 
to assess the risk of future morbidity and mortality, 
while at the individual level, risk awareness may 
motivate people to change their lifestyle or com-
ply with preventive medical advice [181]. There are 
numerous multivariable models to predict the risk 
of developing various CVD outcomes in the gen-
eral population [182]. The most widely used exam-
ples are the Framingham risk score (FRS) [183], the 
SCORE2 [184], QRisk [185], or the population-based 
Globorisk [186]. The Framingham Health Study has 
established traditional risk factors for CVD (e.g., age, 
blood pressure, total cholesterol, smoking status) and 
was used to develop several risk prediction models for 
chronic conditions that are included as primary end-
points of the Semmelweis Study. Systematic reviews 
of risk prediction conclude that studies should focus 
on validating and tailoring existing risk calculators to 
local settings and population characteristics. Further-
more, it is suggested that it is better to add potential 
new predictors to already externally validated models 
rather than developing new models [182, 187, 188]. In 
recent years, the integration of omics data (genome, 
proteome, metabolome) into risk prediction models 
is becoming popular [189–191]. The clinical success 
of such models depends on the selection of plausible 
genetic variants, phenotype reversibility, and effec-
tive therapeutic choices based on genotype–pheno-
type interactions [192–196]. The Semmelweis Study 
through its broad range of data collection will be able 
to contribute to better calibrating existing models and 
drive better policy decisions in Hungary aimed at 
supporting healthy aging.

An important strength of the Semmelweis Study 
is its focus on the social determinants of health and 
disease in a Central European country. We plan to 
investigate health inequalities and social gradients in 
unhealthy aging from a social, psychological, and a 
biomedical perspective. Similar to the Whitehall II 
study, a potential limitation of the Semmelweis Study 
is that it will not be representative of employment 
grades and conditions of other Hungarian workplaces. 
However, in contrast to the Whitehall II study, it will 
cover a wider range of socioeconomic and occupa-
tional characteristics from manual workers through 
medical staff working in shifts to administrative 
and academic persons.. The wide social gradient of 
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employees will lead to a better understanding of the 
relationship between disease outcome and social sta-
tus in Hungary. We hypothesize a more rigid occu-
pational hierarchy in a medical school than in other 
state-run institutions. This can be also construed as 
a strength of the Semmelweis Study. Occupational 
hierarchies likely do not vary considerably across 
other workplaces in higher education; thus, the data 
obtained in the Semmelweis Study could be poten-
tially compared with other future university-based 
occupational cohort studies in partnering institutions 
in the European Union.

The Semmelweis Study will have demographic 
features that in large reflect the general composition 
of workforces at other Hungarian universities. Over 
two-thirds of the employees of Semmelweis Univer-
sity are women, and they are overrepresented in nurs-
ing, clerical, and office support jobs. The high propor-
tion of female workers is another important strength. 
Women are often underrepresented in cohort studies 
and the reliability of risk calculators in women is 
often low due to the lower number of women in the 
included cohorts as well as non-menopausal women’s 
overall lower cardiovascular morbidity and mortality. 
Women make up the majority of healthcare work-
ers in the EU (an average of 78%) [197] as well as in 
Hungary.

Since the cohort includes both healthcare workers 
and university employees with diverse, not health-
care-related tasks, the health status of healthcare 
workers can be compared to that of Hungarian office 
workers. The healthcare industry is a hazardous and 
stressful workplace environment. Healthcare work-
ers are constantly exposed to a variety of health and 
safety hazards, including but not limited to exposure 
to biological risks (e.g., microbial pathogens), toxic 
chemicals, radiation, noise, sleep deprivation, sleep 
cycle disruption, and long working hours. There are 
also a large number of ergonomic issues (including 
standing for long periods, heavy lifting) and a large 
variety of psychological stresses (ranging from stress 
related to heavy patient loads, overly high expec-
tations from patients and superiors, peer pressure, 
administrative issues, fear of litigation, to finan-
cial issues and work-life crossing over into personal 
life). These issues can lead to a number of serious 
health problems for healthcare professionals. The 
Semmelweis Study can potentially provide informa-
tion on risk factors that can be targeted by specific 

interventions and could help to preserve the mental 
and physical health of healthcare workers.

In Europe, there is a series of important longitu-
dinal studies (e.g., the English Longitudinal Study 
of Ageing [198], the Longitudinal Aging Study 
Amsterdam [199], the Maastricht Study [200, 201]) 
following middle-aged samples into aging. The Sem-
melweis Study will be an important addition to these 
cohorts as it intends to follow a relatively large sam-
ple of employees who are aged 50 and above. Fur-
thermore, the Semmelweis Study is the first com-
prehensive, multidisciplinary cohort study of aging 
following people over 50 years in Hungary. The Sem-
melweis Study, through its repeated data collection 
over a long-term follow-up period, will enable the 
investigation of changes in health and ill-health, func-
tional status, health services utilization, and various 
biological, physical, medical, psychological, social, 
lifestyle, and economic characteristics of its partici-
pants. The results of this study will inform about dis-
ease etiology including the long preclinical stages, as 
well as disease progression, including development 
of comorbidity and multimorbidity. In addition to the 
scientific community and healthcare, this information 
can also be valuable for policymakers, as they can 
identify important needs and limitations of the cur-
rent healthcare available for working-age individuals.

The modifiable risk factors investigated in the 
Semmelweis Study can provide input for the develop-
ment of complex preventive interventions which can 
be applied in various workplace-based settings.
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