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Zusammenfassung

Der Arbeits- und Universitdtskontext bei Krankenhausmitarbeitenden und Medizinstudierenden ist
durch hohe Stressbelastungen gekennzeichnet. Daher weisen diese ein erhdhtes Risiko fiir
stressbedingte Erkrankungen, z.B. fiir Depressionen auf. Das iibergeordnete Ziel dieser Arbeit ist es,
ein besseres Verstindnis der Ursachen und Folgen von psychosozialem Stress bei medizinischen
Fachkriften zu erlangen. Hierzu wird der psychologische und epidemiologische Stressansatz mithilfe
von Selbstberichten mit dem Modell der beruflichen Gratifikationskrisen (ERI), einem etablierten
Arbeitsstresskonzept, betrachtet. Auflerdem wird der biologische Ansatz mit physiologischen
Indikatoren bertiicksichtigt.

Bei Krankenhausmitarbeitenden wurden Assoziationen zwischen dem ERI Modell und
Wohlbefinden im Querschnitt untersucht (Studie 1). Fithrungskrifte berichteten wie sie ERI bei
Mitarbeitenden wahrnehmen. Bei Medizinstudierenden wurden Assoziationen zwischen
psychosozialen Stressoren und Haarkortisolkonzentrationen (HCC) untersucht (Studie 2). HCC soll
als physiologischer Marker die Aktivitit der Hypothalamus-Hypophysen-Nebennieren-Achse liber
einen ldngeren Zeitraum zeigen. Nachfolgend wurde experimentell untersucht, ob unterschiedliche
HCC zu unterschiedlich starken Auspragungen akuter Stressreaktionen beitragen (Studie 3).

Es wurde gezeigt, dass alle Komponenten des ERI Modells mit dem Wohlbefinden von
Krankenhausmitarbeitenden assoziiert sind. Die deskriptiven Ergebnisse zeigten, dass
Fiihrungskrifte die Anstrengungen von Mitarbeitenden dhnlich einschétzen wie Mitarbeitende selbst.
Fiihrungskrifte gaben an, dass sie glauben Mitarbeitende stiarker zu belohnen als Mitarbeitende dies
selbst berichteten. Somit gaben Fiihrungskréfte insgesamt an, dass Mitarbeitende ein geringeres
Ungleichgewicht zwischen Aufwand und Belohnung hatten, als Mitarbeitende dies selbst
wahrnahmen. Bei Medizinstudierenden waren Anforderungen, Anstrengungen und das
Anstrengungs-Belohnungs-Verhéltnis positiv mit HCC assoziiert. Andere psychosoziale Stressoren
wiesen keine Assoziationen zu HCC auf. Bei Medizinstudierenden, die ein héheres Mall an HCC
aufwiesen, zeigten sich wihrend des Trier Social Stresstests geringere akute Stressreaktionen in
Form von geringerem Blutdruckanstieg. Andere physiologische Indikatoren waren nicht mit HCC
assoziiert.

Die Ergebnisse bei Krankenhausmitarbeitenden zeigten, dass die wahrgenommenen Diskrepanzen
zwischen Fiihrungskriften und Mitarbeitenden fiir die Stresspréavention in Krankenhdusern relevant
werden konnten, wenn kiinftige Forschungen die Ergebnisse bestdtigen. Die Ergebnisse bei
Medizinstudierenden koénnten zu einem besseren Verstindnis der Zusammenhédnge zwischen
psychosozialen Stressoren und physiologischen Stressindikatoren beitragen, wenn diese ebenfalls
durch Studien repliziert werden, die eine Kausalitdt bestitigen. Die letzten Ergebnisse dieser
Dissertation deuten darauf hin, dass Medizinstudierende mit erhohten HCC moglicherweise

unzureichende Stressreaktionen aufweisen.



Abstract

The work and study environment of healthcare professionals and of medical students is characterized
by high stress levels. Those groups consequently show increased risks for stress-related diseases,
especially for depression. The overall aim of this thesis is to gain a better understanding of causes
and consequences of psychosocial stress among healthcare professionals. Therefore, causes and
effects of stress among healthcare professionals and medical students are investigated with various
methodological approaches. This dissertation considers the psychological and epidemiological stress
approach via self-report with the effort-reward imbalance (ERI) model, which is an established work
stress concept. It also considers the combination with the biological approach with physiological
indicators.

Among hospital employees, associations between ERI and well-being were investigated in a cross-
sectional design (study 1). Manager’s perceptions of ERI for employees were investigated. Among
medical students, associations between psychosocial stressors, such as in the ERI model, and hair
cortisol concentration (HCC) were investigated (study 2). As a physiological marker, HCC is
considered to reflect the hypothalamus—pituitary—adrenal axis activity over a prolonged period of
time. Subsequently, it was experimentally investigated whether different levels of HCC contribute
to different magnitudes of acute stress reactions (study 3).

It was shown that all parts of the ERI model were associated with well-being among hospital
employees. Descriptive results showed that managers rated effort of employees similar to the
employees themselves. However, managers reported higher rewards for their employees, compared
to rewards reported by employees themselves. Thus, managers overall reported that employees had
a lower effort-reward ratio than what employees perceived themselves. Among medical students,
demands, effort and effort-reward ratio were positively associated with HCC. Other psychosocial
stressors were not associated with HCC. Among medical students reporting higher levels of HCC,
lower acute stress reactions in terms of lower increase in blood pressure were shown during the Trier
Social Stress Test. Other physiological indicators were not associated with HCC.

The results among hospital staff showed that, if future research would support the findings, the
perceived discrepancies between managers and employees may become relevant for stress prevention
in hospitals. The results among medical students may help to better understand the links between
psychosocial stressors and physiological stress indicators, also if replicated by studies that can
confirm causality. The last results of this dissertation suggested potentially inadequate stress

responses of the sympathetic nervous system for medical students having higher HCC levels.
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1. Introduction

It is widely acknowledged that certain forms of work stress are associated with increased risks of
diseases such as cardiovascular diseases or depression (Cohen et al., 2007; Epel et al., 2018). In order
to develop prevention approaches to promote well-being and reduce risks of stress-related diseases,
it is crucial to understand the complexity of stress and its impact on individuals working in
demanding or high-pressure environments, such as the healthcare sector. This dissertation aims to
describe and present valuable insights into the ways stress may be caused and which reactions (strain)
it elicits in individuals working or planning to work in the healthcare sector, helping to gain a more
detailed understanding of the interplay between stressors (i.e., occupational demands), stress

indicators and health outcomes.

Preparing to work and working in the healthcare sector, especially working in the hospital and
studying in medical school, goes along with increased stress levels and an increased risk of
subsequent diseases. Medical students report performance pressure, lack of support or high workload
during their medical education as well as high levels of perceived stress (Erschens et al., 2018b;
Heinen et al., 2017; M. R. Hill et al., 2018). Numerous studies have already shown, that medical
students show increased risks for depression, anxiety or burnout in comparison to young adults of
the general population (Dyrbye et al., 2014; Rotenstein et al., 2016; Tian-Ci Quek et al., 2019).
Similar stressors are observed in healthcare professionals: High demands, such as high workload or
high emotional demands, are reported as well as long working hours (Korber et al., 2018; Parent-
Thirion et al., 2016; Rosta & Aasland, 2011; Stiawa et al., 2022). Similar to medical students, higher
levels of depression or burnout are also prevalent among employees in the healthcare sector

compared to other working populations (Shanafelt et al., 2012; Wieclaw et al., 2006).

Early on, stress was defined as “the nonspecific response of the body to any demand made upon it”
(Selye, 1973, p. 692). Since then, various definitions have emerged (Cooper & Quick, 2017),
depending on the research discipline, considering different stages or approaches of the stress process:
stressors, stress, acute stress reaction, strain and sequelae of stress. These causes and effects of stress

are mainly studied by three research disciplines: 1) epidemiology, 2) psychology and 3) biology.

(1) Stressors are viewed as causes of stress and are mainly investigated by the epidemiological or
environmental approach (Kopp et al., 2010). Stressors are negative stimuli (e.g., chronic work
stressors such as high demands), which can trigger reactions. They can refer to one-time events that
are thought to create harm or can be of chronic nature (Cohen et al., 2016). Psychosocial stressors,
such as work stressors are also included by this environmental approach (Kopp et al., 2010; Vanaelst
et al., 2012). Originally, (objective) environmental life events or stimuli were assessed by this

approach (Holmes & Rahe, 1967).



(2) Stress is considered as the reaction to these stimuli depending on whether a stressor is evaluated
as a threat or a challenge (Lazarus, 1984) and can be assessed on a psychological level (e.g.,
perceived stress) or on a physiological level (e.g., acute stress reaction in form of an increased heart
rate, for example). Within the psychological approach it is investigated how an individual evaluates
their own resources to cope with environmental stressors (i.e., transactional model of stress)
(Folkman et al., 1986; Kopp et al., 2010; Lazarus, 1984). At first, there is the cognitive appraisal,
where individuals assess if a situation is considered a threat and at second, there is the evaluation of
available resources to cope with the situation (Lazarus, 1984). Coping strategies help to deal with
problems (i.e., stressful situation) and help to regulate emotions (Folkman et al., 1986). Thus, the
psychological approach considers measurements that can reflect coping strategies, personality traits

or stress experiences, such as the perceived stress scale (PSS) (Cohen et al., 1983; Kopp et al., 2010).

If stress is evaluated as a threat, if no available resources are identified and if this situation is present
with over a prolonged period of time (or cumulative), this can result in strain (i.e., feeling exhausted).
In the context of work, job strain can arise for example, when demands are high and decision latitude
is low (Karasek et al., 1998). Experiencing strain over time, it can ultimately result in sequelae of
stress (i.e., diseases such as depression). Thus, there are numerous findings available linking stressors
(such as high job demands) with stress, strain and ultimately increased risks for diseases (Dragano et

al., 2017; Karasek, 1979; Niedhammer et al., 2021; Sanne et al., 2005).

(3) As mentioned, a stress reaction can also be assessed on a physiological level, which is mainly
done so by the biological approach (Kopp et al., 2010). When being exposed to an acute stressor, the
allostatic system is activated by first responding and then terminating the response once the stressor
is over to achieve homeostasis again (McEwen, 1998). This process is helpful in general and protects
the individual from damage (McEwen, 1998). Within this adaptive process, the sympathetic nervous
system (SNS) and hypothalamus—pituitary—adrenal (HPA) axis are the most common stress response

systems that are involved and assessed by physiological measures (McEwen, 1998).

As different definitions and assessments are used in research, it is not surprising that measures of
stress are not consistently related to each other and are also not consistently associated with health
outcomes (Epel et al., 2018). Varying time frames and the duration of measurements can contribute
to these findings: there are acute and chronic stress reactions observable, short- and long-term
exposure to stressors and to perceptions of stressful situations that need to be considered in research
(Kopp et al., 2010). Beside these, varying sample characteristics (i.e., healthy vs. non-healthy
samples), the individual’s context and the observed health outcome itself can contribute to different

associations between stress and health (Epel et al., 2018).

All of these differences need to be considered and understood for the development of intervention

strategies aimed at promoting health and well-being. Therefore, it is relevant to get a differentiated
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picture of the causes and consequences of psychosocial stress and the mechanisms towards adverse
health outcomes in the long-term. This thesis will thus investigate acute and chronic causes and
effects of stress among healthcare professionals and medical students, i.e., two populations known

to be exposed to and affected by stress.

The following pages of this introduction are structured into three overarching parts, where at first the
relevance of psychosocial stressors is described within healthcare professionals and medical students.
Hereby a focus is shed not only on relevant work/study stress models but also on the importance of
workplace managers for successful stress prevention in the workplace. In the second part of the
introduction, physiological acute stress reactions and their assessment in research and its relevance
for health effects are explained. The third part describes chronic stress and related assessments, i.e.,
hair cortisol concentration (HCC) as a promising physiological marker of long-term HPA axis
activity. Investigating healthcare professionals in their working environment may help to find new
starting points for interventions for stress reduction, while the closer look at medical students and
their physiological stress reactions will provide more evidence for physiological pathways which are

needed to understand the long-term links between stress and disease.
1.1 Assessment of psychosocial work stressors

Sources of stress in daily life can be of psychosocial nature, i.e., a combination of social and
psychological factors (Upton, 2013). Psychosocial stressors or events can relate to the psychological
state of an individual itself and to the environment, such as the work environment or social
interactions (Long & Cumming, 2013; Upton, 2013). Thus, many instruments try to assess exposure
to psychosocial stress (i.e., stressors) and its effects on individuals. Psychosocial stressors can occur
only once, frequently or be of prolonged nature (Vanaelst et al., 2012). However, there is often no
sharp differentiation between acute and chronic stressors, which makes assessment difficult (Liu &
Doan, 2019). Usually, the assessment of psychosocial stressors is carried out via self-reported

questionnaires (Kopp et al., 2010).

Psychosocial work stressors are usually understood as factors in the working environment that can
cause stress and show associations towards well-being and health of employees and therefore
represent challenges for occupational health and safety (Leka & Jain, 2010; Mark & Smith, 2008).
For example, burnout is suggested to be a possible consequence of exposure to poor psychosocial
working environments and the subsequent experience of work-related stress (Leka & Jain, 2010).
Currently, numerous theoretical models and questionnaires try to describe and assess psychosocial
work stressors and their impact on health. Two prominent models used in epidemiology are the job
demand control support (JDCS) model and the effort-reward imbalance (ERI) model (Karasek, 1979;
Siegrist, 1996).



The job demand control model was first conceptualized in 1979 by Karasek (1979). It describes that
a so-called job strain can occur when high job demands and low decision latitude (i.e., control) is
experienced (Karasek, 1979). Decision latitude thereby contains the two factors decision authority,
meaning to have control over the work situation, and skill discretion, meaning to learn and use new
skills (Karasek, 1979). In 1988, social support was also included in the model as a potential buffer
for negative effects of high demands (Johnson & Hall, 1988; Mark & Smith, 2008). Lack of social
support on the other hand, can also compound effects of job strain. Researchers can use the job
content questionnaire (JCQ) in order to assess these psychosocial work conditions (Karasek et al.,

1998).

The ERI model was introduced in 1996 by Siegrist (1996). The model suggests that spending high
efforts at work and receiving low reward at the same time contributes to work stress (Siegrist, 1996).
Thus, the key concept of the model relies on reciprocity and subjective perceptions of the working
environment (Mark & Smith, 2008; Siegrist, 1996). Efforts can be understood as perceiving time
pressure or high demands, for example (Mark & Smith, 2008; Siegrist, 1996). Reward can be defined
as receiving an adequate monetary compensation or being offered better career opportunities, for
example (Siegrist, 1996). The model allows the calculation of an effort-reward (ER-) ratio with its
cut-off value of one, which can help to determine whether an imbalance between effort and reward
is experienced (Siegrist, 1996). The model was also expanded by a scale for over-commitment, as
individuals characterized by an excessive work-commitment may be at an increased risk for
perceiving work stress (Siegrist et al., 2004). Researchers can use questionnaires of different lengths

and for various population groups when applying the ERI model.

As the JDCS and ERI models are widely established, their application over the years has shown
associations with strain and health consequences in numerous employees of different occupational
groups. A great amount of research shows that the application of these models can predict increased
risks for coronary heart disease (Dragano et al., 2017; Kuper et al., 2002; Niedhammer et al., 2021),
depressive symptoms (Leineweber et al., 2010; Niedhammer et al., 2021; Sanne et al., 2005), anxiety
(Sanne et al., 2005) or psychological well-being (Lange et al., 2003), for example.

1.2 Psychosocial work stressors and health in healthcare professionals

1.2.1 Medical students

As the future workforce in the healthcare sector, medical students should not be overlooked when
conducting in depth stress-related research among healthcare professionals. Medical students
experience and report high levels of stress throughout the years of their medical education (Dyrbye
etal.,2005; Heinen et al., 2017) and also show elevated risks of mental health disorders: For example,

a meta-analysis reported a global prevalence rate of anxiety in medical students of 33.8%, which was



higher compared to a general population (Tian-Ci Quek et al., 2019). Also in Germany, higher levels
of anxiety were found in medical students compared to reference samples (Heinen et al., 2017).
Another meta-analysis showed a prevalence rate of depression of 27.2% in medical students, also
being higher compared to a similarly aged general population (Rotenstein et al., 2016). A study
among newly enrolled medical students in 2012 or 2013 of one German university showed a
prevalence rate of 4.7% indicating a major depression and a prevalence rate of 5.8% for depressive
symptoms (both assessed with different cut-offs of Patient-Health-Questionnaire-9) (Wege et al.,
2016). Over the course of one semester, another study showed an increase of mild depressive
symptoms from 16.3% to 21.4% in first semester medical students (Pelzer et al., 2022). Burnout,
which was originally assessed in the working population, is also being evaluated more frequently in
students and it was shown that study demands can contribute to perceived exhaustion (Schaufeli et
al., 2002). A meta-analysis estimated the prevalence of burnout among medical students to be 44.2%
(Frajerman et al., 2019). A study among medical students in Germany showed an average burnout
rate of 35% (Erschens et al., 2018a). Compared to college graduates, medical students showed a

higher prevalence of burnout (Dyrbye et al., 2014).

Factors contributing to this high risk of disorders may include exposure to poor study conditions
resulting in feeling stressed during medical school. For example, feeling stressed during medical
school may increase the risk of burnout later on in working life (Ishak et al., 2009). Perceived stress
levels among medical students are higher than in a general population in Germany (Heinen et al.,
2017). Perceived stress levels exist throughout the study course and can either increase over time or
show their highest values at different stages in medical school (Erschens et al., 2018b; Ludwig et al.,
2015). When medical students begin their education, perceived stress levels show greater correlations
with private-related stressors than with educational stressors (Erschens et al., 2018b). Especially at
the beginning of medical school, students need to adapt to a new environment and are often separated
from family or friends (Dyrbye et al., 2005). Perceived stress levels of students being halfway
through the educational program show the strongest correlation with educational stressors, compared
to private-related stressors (Erschens et al., 2018b). Lack of support, performance pressure and time
management are some of the most frequently reported stressors related to the medical education
program (Erschens et al., 2018b). Other frequently mentioned psychosocial stressors, in quantitative
and qualitative research, are the high workload, work-life balance difficulties and health concerns or
financial stressors (M. R. Hill et al., 2018). Medical students of one German university reported in a
qualitative study mostly organizational stressors, such as lack of flexibility, or stressors related to

exams, such as unfair grading procedures or lack of options to repeat exams (Weber et al., 2019).

The above-discussed work stress models JDCS and ERI were also adapted for and validated for
students in university settings (Schmidt et al., 2019; Wege et al., 2017). Applying validated and

established measures to students, which are based on theoretical models and thus focus on key



constructs, can help to better understand the associations between stress and health in an academic

setting (Hilger-Kolb et al., 2018).

Based on the JCQ, a questionnaire on structural study conditions was developed and validated in
university students in Germany (Schmidt et al., 2019). Demands within an academic setting can refer
to the workload during the studies or can refer to perceptions of time pressure (Schmidt et al., 2015).
Similar to the work setting, students can have restricted decision latitude, which can be indicated by
fixed or mandatory schedules or courses (Schmidt et al., 2015). High demands were associated with
perceived stress and high demands and low decision latitude were associated with decreased

satisfaction among students in Germany (Sieverding et al., 2013).

The ERI model can also be applied to a student environment to investigate study stressors or
conditions and their association to stress and health. Similar to demands, effort can be understood as
a high study load (Portoghese et al., 2019). Rewards within an academic setting can refer to receiving
respect from lecturers and professors (Portoghese et al., 2019). An increased effort-reward-ratio (ER-
ratio) was associated with adverse self-rated health, depressive symptoms (Hilger-Kolb et al., 2018)

or burnout (Hodge et al., 2020) among students.

1.2.2  Hospital staff

The tendencies of high stress levels among medical students can also be observed in their future
professions, namely in the healthcare sector in general, where work intensity is the highest compared
to several other occupational sectors (Parent-Thirion et al., 2016). In terms of demands, staff in the
healthcare sector is often interrupted during work tasks and has to deal with high emotional demands,
such as handling angry or frustrated patients, for example (Parent-Thirion et al., 2016). Physicians
and hospital staff in Germany report high workloads (Koérber et al., 2018; Stiawa et al., 2022), lack
of opportunities for sufficient breaks (Stiawa et al., 2022) and longer work hours, compared to

physicians in Norway (Rosta & Aasland, 2011).

Taking a closer look at healthcare professionals and hospitals in particular, it has been shown that
physicians more often report an imbalance between effort and reward when compared to a general
German working population (Knesebeck et al., 2010) A meta-analysis on the ERI model also
suggested that physicians may have higher ER-ratios than other health professionals, taking into
account several countries worldwide (Le Huu et al., 2022). However, the prevalence rate of ERI
showed a broad range from 3.5 to 96.9% (Le Huu et al., 2022). In terms of individual consequences
for the physicians themselves, it has been shown that imbalance between effort and reward is
associated with increased depressive symptoms in physicians in training (Li et al., 2013). Especially
in younger physicians higher ER-rates are observed (Arnold et al., 2017; Raspe et al., 2016).
Achieving a better position during medical career (i.e., higher salary) may contribute to lower ER-

rates (Knesebeck et al., 2010). The consequences of poor psychosocial work conditions do not only
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entail health risks for employees themselves but can also impact patient care (Angerer & Weigl,
2015), as for example high ER-ratios among physicians have been shown to be associated with
reduced quality of patient care (Loerbroks et al., 2016), which highlights the need for improvement

and reduction of stress in this occupational group.

Among health workers in general also broad ERI ranges are found from 3.5 to 80.7% (Nguyen Van
et al., 2018). Health effects of exposure to psychosocial work stressors do occur in the same way for
nurses: Higher imbalance of effort and reward is associated with depression (Kikuchi et al., 2010),
well-being (Nguyen Van et al., 2018; van Vegchel et al., 2001; Weyers et al., 2006) and days of
sickness absence (Schreuder et al., 2010). Nurses who report better working environments report less
often poor quality of care (Aiken et al., 2012). Another consequence that is often prevalent in
healthcare professionals is burnout: Nurses and physicians report a high prevalence of burnout
(Aiken et al., 2012; Klein et al., 2010) and also general healthcare staff shows increased symptoms
of depression or burnout (Dyrbye et al., 2017). Also in comparison to a general working population,
physicians are more likely to report symptoms of burnout (Shanafelt et al., 2012). Male nurses show
elevated risks for affective disorders in comparison to other human service occupations (Wieclaw et
al., 2006). Thus, it is plausible that depression and burnout among physicians and nurses have been
shown to be associated with reporting major medical errors (Shanafelt et al., 2010) reduced job
satisfaction (Lopez-Lopez et al., 2019; Shanafelt et al., 2009) and decreased quality of care (Klein et
al., 2010). When considering leaders and employees without leadership responsibility in hospitals, it
has been shown that a greater well-being is reported by leaders (Erschens et al., 2022). It has been
suggested that the lacking ability in control and autonomy may contribute to these findings (Erschens

et al., 2022).

1.2.3 Importance of workplace managers

Increased psychosocial work stressors are not only harmful for the employees’ health themselves or
their patients, but can also impact the company via higher turnover rates, higher sickness absence
days or lower productivity (Mark & Smith, 2008). Promoting health at work is not solely the
responsibility of employees, as they often lack the authority to change a challenging work
environment. Company managers are instrumental in both identifying these challenges and
implementing solutions to enhance working conditions (Jiménez et al., 2017; Montano et al., 2017;
Shanafelt & Noseworthy, 2017; Tuckey et al., 2012). Also, leadership style is associated with well-
being in healthcare professionals (Erschens et al., 2022), with job satisfaction in nurses (McCay et
al., 2018) and with physicians’ burnout and satisfaction levels (Shanafelt et al., 2015). Physicians
also reported to perceive less stress if their interests were in alignment with leadership interests
(Williams et al., 2007). Further, a leadership focus on mental health may contribute to good

teamwork among healthcare professionals by reducing interpersonal conflicts at work (Paganin et



al., 2023). Of course, leadership behavior can also be a stressor for employees if managers have

deficits in conflict management or leadership behavior in general (Gregersen et al., 2011).

To enhance working conditions and reduce stressors effectively, managers must first develop an
awareness of the workplace conditions and demonstrate a genuine understanding of employees'
potential sources of strain (Franke et al., 2014; Worringer et al., 2020b). Two qualitative studies
assessed how managers in hospitals perceive the stressors and strain of their staff (Worringer et al.,
2020a; Worringer et al., 2020b). It has been shown that hospital managers do report relevant stressors
accordingly to JDCS and ERI model and that they were able to recognize strain such as fatigue or
sick leave as a consequence of psychosomatic complaints by their staff (Worringer et al., 2020a).
However, it is not known whether these perceptions of managers would align with self-reports from
staff. Assessing if there are discrepancies between managers and employees’ perceptions of work
stressors may be relevant to recognize if managers are prepared to support their staff’s concerns

accordingly.
1.3 Physiological acute stress reactions and recovery

1.3.1 Assessment of acute stress reactions after stress exposure

There are different mechanisms that describe how, for example, psychosocial work stressors are
linked to adverse health outcomes when they are physiologically manifested as strain. When an
individual has evaluated a stressor as harmful or threatening, a stress reaction occurs that can be
assessed with physiological indicators. Within the physiological response, metabolic, immune,
autonomic, and neuroendocrine systems are activated and all of these are involved in changes of the
pathophysiology (Lupien et al., 2009). For example, exposure to stressful experiences can reduce
various immune functions or enhance them (i.e., related to inflammation) and both the autonomic
nervous system (ANS) and the HPA axis can alter or suppress immune functions (Kemeny, 2003).
The responses most researched are the SNS of the ANS and the HPA axis (King & Hegadoren, 2002;
Lupien et al., 2009).

Already a few seconds after stressor exposure, the SNS is activated (known for the fight or flight
reaction) and releases adrenaline and noradrenaline via neuronal pathways as well as salivary alpha-
amylase (sAA) (Ali et al., 2020; King & Hegadoren, 2002). Through its activation (and the prior
withdrawal of the parasympathetic nervous system; PNS) (van Dammen et al., 2022), the
cardiovascular system is responding at first by an increase of blood pressure and heart rate (HR).
Diastolic blood pressure (DBP) increases due to withdrawal of the PN'S hampering the blood vessels’
ability to relax (van Dammen et al., 2022). Systolic blood pressure (SBP) increases due to the SNS
influence (van Dammen et al., 2022). To assess the PNS withdrawal, as the first start of the stress

response, researchers also often measure heart rate variability (HRV) (van Dammen et al., 2022). For



example, the root mean square of successive differences (RMSSD), one of several HRV measures,
indicates the parasympathetic activity (L. K. Hill et al., 2009). RMSSD serves as a time-domain
metric and takes into account temporal fluctuations between consecutive peaks in the
electrocardiograph waveform within a specified timeframe (van Dammen et al., 2022). Once the

stressor is over, the parasympathetic nervous system is activated to achieve homeostasis again.

The HPA axis response occurs much slower than the SNS response, as its activation begins with
secretion of corticotropin-releasing hormones (CRH) from the hypothalamus (King & Hegadoren,
2002). After that release of adrenocorticotropic hormone (ACTH) is triggered and secreted into the
circular system and leads further to secretion of cortisol into the blood stream (King & Hegadoren,
2002; Lupien et al., 2009). The glucocorticoids partly regulate ACTH and CRH by binding to
receptors (Lupien et al., 2009). If the stressor is terminated, feedback loops occur which help to
achieve homeostasis by deactivating the HPA axis (Lupien et al., 2009). The activity of the HPA axis
is usually assessed via measuring cortisol. Therefore, saliva samples, or even blood samples can be
used. The measurements can reflect different time periods of cortisol and thus reflect either short-
term or long-term HPA axis activity (Vanaelst et al., 2012). For example, saliva samples can reflect
the activity of the past ten minutes up to one hour (Miller et al., 2007). When assessing cortisol, it is
important to consider its diurnal rhythm. Cortisol increases to its highest point in the morning and
decreases to its lowest point in the evening (Miller et al., 2007). Therefore, timing is very important
for the assessment of cortisol. Several different approaches exist, where cortisol is either collected in
the morning, evening or throughout the day with several measurements or with calculations to create

the diurnal rhythm of a day (Miller et al., 2007).

In term of measures, researchers can use experimental study designs, which can induce acute stress
reactions in individuals by exposing them to stressors. Depending on the nature of the stressor, a
suitable stress test can be chosen. Numerous tests available and validated expose individuals to
psychosocial or physical stressors such as temperatures or prolonged exercises that can be used to
reflect physical stressors (Dickerson & Kemeny, 2004). A well-known measurement to expose
individuals to psychosocial stress and to induce acute stress reactions is the Trier Social Stress Test

(TSST) (Kirschbaum et al., 1993).

It is characterized by uncontrollability, social-evaluative threat and unpredictability and is thus a
reliable task to activate the HPA axis and the ANS to induce stress responses (Campbell & Ehlert,
2012; Dickerson & Kemeny, 2004; Kudielka et al., 2009). Individuals arrive in a preparation room,
get a rest period to establish baseline values and prepare a speech explaining why they are suitable
for their dream job. After being guided to the test room, they perform the speech in front of an
audience for five minutes (Kirschbaum et al., 1993). Directly afterwards they have to solve mental

arithmetic exercises (Kirschbaum et al., 1993). After the math task, the participants are guided back



to the preparation room to have a recovery period. Thus, several measurements are taken before and

after the stressor, with the exact time frame depending on the measures chosen (Allen et al., 2014).

The reliability of the TSST was investigated and supported by several studies so that it is recognized
as the gold standard for inducing psychosocial stress in laboratory settings. The TSST shows the
largest and most reliable associations with salivary cortisol (Dickerson & Kemeny, 2004), but is also
associated with other acute stress indicators, such as blood pressure or HR (Allen et al., 2014; Man
et al., 2023). Moderators that can alter reactions and should be considered in research are age, body
mass index (BMI) and baseline physiological values (Herhaus & Petrowski, 2018; Zankert et al.,
2019).

Since the introduction of the TSST in the early nineties, several adaptations have been developed. In
order to save personnel resources, costs and to increase standardization of the process, a relatively
new approach uses virtual reality (VR) to conduct the TSST (Helminen et al., 2019; van Dammen et
al., 2022). Often immersive VR environments are created by head-mounted displays such as VR-
glasses (van Dammen et al., 2022). Thus, within a VR-TSST participants go through the same

procedure, but experience the environment and stress test via VR.

A systematic review and a meta-analytic comparison showed that VR-TSST can also reliable induce
stress responses with similar effect sizes for cortisol, HR and self-report measures compared to
traditional TSST (Helminen et al., 2019, 2021). Another review and meta-analysis on various VR
stress tasks showed that significant changes were observed for markers such as HR, SBP, DBP, sAA
but not for RMSSD in healthy populations (van Dammen et al., 2022). The smallest effect sizes were
shown for PNS markers (i.e., RMSSD), the largest effects sizes for SN'S markers (i.e., blood pressure)

and medium effect sizes for HPA axis markers (i.e., cortisol) (van Dammen et al., 2022).

1.3.2 Health effects of acute stress reactions after stress exposure and recovery

Assessing acute physiological responses is an approach that can help to gain more knowledge about
involved pathways of stress and disease. In the present state of discussion, both exaggerated and
blunted reactions to stressors are suggested to be potentially harmful for cardiovascular health
(Turner et al., 2020). More than 40 years ago, researchers almost only investigated the reactivity
hypothesis, which suggested that exaggerated or prolonged reactions to psychological stressors are
harmful for cardiovascular health (Obrist, 1981; Phillips et al., 2013). For example, stronger blood
pressure responses to psychological stressors were longitudinally associated with increased odds of
increased blood pressure or the development of hypertension (Gasperin et al., 2009). Still today, most
of the prospective evidence on maladaptive responses and their impact on health can be found for
cardiovascular responses and cardiovascular diseases (Epel et al., 2018). However, newer research
also investigates blunted reactions (also including HPA axis) or simply altered responses and

broadens disease outcomes towards mental health, for example (Epel et al., 2018; O' Riordan et al.,
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2023; Turner et al., 2020). Exaggerated cardiovascular responses (SBP, DBP, HR) to acute stress are
still prospectively associated with increased risk of heightened resting blood pressure or increased
mortality risks (due to any cause) and coronary death (Turner et al., 2020). Exaggerated blood
pressure responses are also associated with greater risk of hypertension or an earlier onset of
hypertension (Turner et al., 2020). For HPA axis response indicators (salivary cortisol), exaggerated
reactions are predictive of higher risks of hypertension as well as coronary artery calcification
(Turner et al., 2020). For blunted reactions, increased risks of being obese (for HR), poorer self-
reported health (for HR and DBP) and also more symptoms of depression (for HR) and increased
anxiety symptoms (for SBP) are shown (Turner et al., 2020). Blunted HPA axis reactions in terms of
salivary cortisol are predictive of more symptoms of post-traumatic stress disorder (PTSD) (Turner
et al., 2020). A recent systematic review tried to formulate suggestions to clinicians and researchers
on how to recognize individuals at risk for developing cardiovascular diseases by presenting

cardiovascular threshold levels for blunted reactions (O' Riordan et al., 2023).

As the physiological response to stress does not only entail activating the allostatic response, but also
terminating it when the stressor is gone, researchers also assess physiological reactions of the
recovery (Chida & Hamer, 2008) with different methodological assessment (Panaite et al., 2015).
Usually, recovery is defined as the amount of time that is observed until values return to baseline
levels (Chida & Hamer, 2008; Panaite et al., 2015), but can also be defined as observing sustained
higher values than baseline values in a predetermined recovery period (post stressor) (Chida &
Steptoe, 2010) or as rate of decrease from a peak value. There are also differences between active
recovery (i.e., standing) or passive recovery (i.e., seating) (Panaite et al., 2015). Not many researchers
investigate stress recovery separately or at all, although capturing the duration of an activation may
be more suitable than only the extent of activation (Panaite et al., 2015). The stress recovery can be
inefficient if hormones are overexpressed, potentially resulting in adverse health consequences, such
as hypertension or carotid atherosclerosis (Chida & Hamer, 2008; Heponiemi et al., 2007; Hocking
Schuler & O'Brien, 1997). Inadequate recovery is associated with poorer cardiovascular outcomes,
such as increased risk for cardiovascular diseases or mortality (Panaite et al., 2015). Poor recovery
of HR and SBP has been shown to be associated with future cardiovascular risk status (Chida &
Steptoe, 2010). Age is an important moderator for stress recovery and health outcomes: Stronger
associations are shown between recovery and cardiovascular outcomes for higher ages (above 45

years) compared to lower ages (below 45 years) (Panaite et al., 2015).
1.4 Chronic stress

1.4.1 Chronic stress exposure and its pathways towards adverse health consequences

As mentioned above, investigating causes and consequences of stress is difficult due to different

definitions and (time dependent) assessments. Investigating acute stress responses and recovery
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becomes even more complex when additional stress-related factors are considered which could
contribute to disease risks or adverse health outcomes: Exposure to chronic stress is assumed to be
associated with increased disease risks due to its potential permanent changes in physiological
responses (Cohen et al., 2007; McEwen, 1998). While acute stress responses are essential in the acute
moment and are protective, prolonged stress reactions can result in dysregulation of the biological
stress systems and can increase risks or vulnerabilities for diseases (McEwen, 1998). These
dysregulations are suggested to occur in four different forms, contributing to allostatic load, i.e., “the
wear and tear” of the body (McEwen, 1998, p. 171). The first pathway describes how frequent
stressors can induce repeated acute stress reactions, the second describes how similar stressors that
occur frequently can contribute to lack of adaptation during the stress response, thus resulting in
prolonged exposure to stress hormones (McEwen, 1998). The third pathway illustrates how the stress
response is not terminated, although the stressor itself is not present any more (McEwen, 1998). The
fourth type describes how limited, decreased responses in one stress system can lead to the activation

of another stress system, indicating a compensatory mechanism (McEwen, 1998).

Another potential pathway was also described very early on by Dienstbier (1989) and his model of
physiological toughness. The model tries to explain that when individuals are exposed to moderate
stressors, this can result in an increased but also adaptive acute stress reaction (Chatkoff et al., 2010).
It was proposed that moderate stressors can help to “toughen” individuals in a way that these are
prepared for future stressors via adaptive responses (Dienstbier, 1989; Miller et al., 2007).
Toughened individuals would have lower baseline values, a stronger and faster response and then
also a faster recovery than non-toughened individuals (Blascovich & Mendes, 2010; Dienstbier,
1989). Dienstbier proposed his ideas for both the sympathetic-adreno-medullar (SAM) and HPA axis
and suggested that a non-healthy stress response of the SNS system would be reflected by higher
baseline levels, a not so steep increase but longer response and also a not so steep decrease during
recovery (Blascovich & Mendes, 2010; Dienstbier, 1989). The HPA axis response would result in
high baseline levels of cortisol, greater increases in cortisol during the acute response and then a not
so steep decrease during recovery (Blascovich & Mendes, 2010; Dienstbier, 1989). However, it has
been pointed out that the explanations are likely not true for every study population (i.e., healthy or

non-healthy samples) (Miller et al., 2007).

When measuring cortisol under acute stressful situations in laboratories, it is assumed that increased
levels indicate a stress response. This assumption becomes more complex when investigating chronic
stress exposure and acute HPA axis responses: For chronic stress both hypo- and hypercortisolism
have been shown (Miller et al., 2007; Vanaelst et al., 2012). Therefore, Miller et al. suggested with
their meta-analysis that HPA axis activity may be different depending on how much time has passed
since the stressor onset, suggesting that a lower HPA axis activity relates to a long-term chronic stress

experience, while higher HPA axis activity relates to a more recent onset of stress (Miller et al., 2007;
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Rohleder, 2016). Thus, hypo- and hypercortisolism may not be contradictory, but may reflect

different time periods within a stress process (Miller et al., 2007).

1.4.2 Hair cortisol concentration (HCC)

In order to investigate chronic stress assessing HCC may be a helpful approach. Raul et al. (2004)
were the first to report and determine HCC in humans. HCC reflects cumulative cortisol secretion
retrospectively, which was validated in animals (Davenport et al., 2006) and humans (Kirschbaum
et al., 2009; Manenschijn et al., 2011). HCC is thus an indicator for long-term HPA axis activity
(Stalder et al., 2012b) and is discussed as an indicator of chronic stress (Russell et al., 2012). Cortisol
is incorporated into the hair through various potential mechanisms that still have to be fully
understood (Gow et al., 2010; Stalder et al., 2012b). Despite this, it is assumed that hair grows on
average one centimeter per month, indicating that one centimeter of hair closest to the scalp reflects
cortisol secretion of the previous month (Russell et al., 2012; Wennig, 2000). This assessment of
cumulative cortisol secretion over a longer period of time is seen as a great advantage to existing
measures, such as urine or saliva samples of cortisol which can only reflect shorter time periods
(Stalder et al., 2012b). Another benefit for research is the non-invasive method of collecting HCC
which also reduces the risk that the data collection itself can alter cortisol secretion (Russell et al.,
2012). Additionally, HCC is not affected by the daily fluctuations of cortisol (Russell et al., 2012).
Other advantages for research are the rather simple collection of HCC and the easy storage at room
temperature (Gow et al., 2010). HCC is also suggested to be relatively stable within individuals,
which supports its use in research as an indicator of long-term cortisol secretion and is thus a benefit
over the use of blood or saliva samples (Stalder & Kirschbaum, 2012).

When investigating HCC there are some potential correlates that should be considered: Age and sex
are frequently associated with HCC, suggesting higher HCC for males and higher age (Stalder et al.,
2017). In addition, positive associations between BMI, high alcohol intake, vigorous physical activity
and HCC are reported (Wosu et al., 2013). There are also some indications of negative correlations
between HCC and the frequency of hair washing or hair treatment such as hair dye (Stalder et al.,
2017), but other findings showed no evidence for these correlations (Stalder & Kirschbaum, 2012;
Wosu et al., 2013).

In addition, there are different methodological approaches in hair cortisol determination, which can
lead to mixed results in studies assessing HCC or make comparability between studies more difficult
(Herane Vives et al., 2015). Most often, researchers use either different immunoassays or liquid
chromatography-mass spectrometry (LC-MS/MS) to determine HCC (Herane Vives et al., 2015).
One study reported that different laboratories, which determined a common batch of hair by different
immunoassays, were able to show high inter-correlations (Russell et al., 2015). The authors

suggested to either use correction factors for immunoassay approaches or to change to LC-MS/MS
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method to determine HCC (Russell et al., 2015). This is an important finding that could contribute
to further research to find potential clinical benchmarks for HCC (Russell et al., 2015).

1.4.3 Associations between stressors, perceived stress and HCC

Researchers have investigated whether the measurement of HCC can reflect psychosocial stress and
its causes. Several studies were conducted on HCC and its association with exposure to stress (life
events, psychosocial stressors, individual or demographic characteristics) and with perceived stress.
For example, exposure to stress was assessed with either stressful contexts (e.g., environmental
factors) or individuals being in stress-related conditions (e.g., subjective experiences): Dettenborn et
al. (2010) showed higher HCC in a chronic stressor, namely in individuals being long-term
unemployed compared to a healthy control group. However, HCC was not associated with any
perceived stress measures (Dettenborn et al., 2010). One study showed, that participants reporting
serious life events such as death of a relative, had increased HCC compared to participants not
reporting these events (Karlén et al., 2011). Another review could show that a subsample of
chronically stressed individuals had a 22% more increased median HCC (Stalder et al., 2017). When
dividing this sample into ongoing and past stress, it was shown that ongoing stress resulted in a 43%
increase of HCC (Stalder et al., 2017). It is suggested that HCC is associated with ongoing stress
(Herane Vives et al., 2015; Liu & Doan, 2019). Staufenbiel et al. (2013) presented a review that
structured research on HCC in terms of its association towards chronic stressors and mental health.
In this review, medium to large effect sizes were found for the six studies that investigated exposure
to long-term stress and elevated HCC (Staufenbiel et al., 2013). Van Uum et al. (2008) showed higher
HCC in chronic pain patients, which is a known physical and psychological stressor. In addition they
could also show higher perceived stress levels in the chronic pain patients, compared to healthy

controls (van Uum et al., 2008).

However, when HCC is investigated with perceived stress assessed via self-report, findings report
more often no associations (Stalder et al. 2017). Two studies on healthy students and undergraduate
students have shown weak negative associations between perceived stress (assessed with PSS) and
HCC (Gerber et al., 2013; Karlén et al., 2011). In contrast to this, in a sample of healthy pregnant
women, the PSS was positively correlated with HCC (Kalra et al., 2007) but not associated with
HCC in endurance athletes (Skoluda et al., 2012). Another study has not found linear associations
between HCC and perceived stress of the past month (assessed with PSS) or between HCC and
current chronic stress in pooled data from several samples (Wells et al., 2014). Instead, a curvilinear
association was found: It was found that HCC increased with perceived stress levels, but decreased
when perceived stress levels were highest (Wells et al., 2014). Similar evidence of this potential
hypocortisolism is also found in earlier studies of individuals suffering from PTSD, burnout, chronic

fatigue syndrome or other conditions of chronic stress (Heim et al., 2000). A more recent study could
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also show that lower HCC were associated with subsequent increased PTSD symptoms in soldiers
reporting new traumatic events (Steudte-Schmiedgen et al., 2015). Stalder et al. supported this in
their meta-analysis by showing lower HCC in individuals with anxiety disorders (including PTSD)

(Stalder et al., 2017).

However, is it difficult to distinguish if associations are due to the context of having underlying
conditions of chronic stress (for example chronic pain patients) or due to effects of psychological
stress (Stalder et al., 2014). Therefore, it can be helpful to conduct research in samples, where
psychosocial stress is easier to define without a potential of underlying medical conditions (Stalder
et al., 2014). Investigating HCC and work stress and thus the working population can be helpful to
minimize this risk of more severe underlying medical conditions as being actively in employment
would be more difficult. Cross-sectional studies so far have shown no associations between HCC
and JDSC (Janssens et al., 2017; Qi et al., 2015; van der Meij et al., 2018). Cross-sectional studies
investigating ERI have shown positive correlations and associations with HCC (Qi et al., 2014; van
der Meij et al., 2018). Longitudinal studies reported either positive associations between ERI and
HCC (Herr et al., 2018) or negative associations between ERI and HCC indicating that elevated work

stress levels were associated with subsequent decreased HCC (Penz et al., 2019).

HCC was also investigated among university students, with both exposure to stress and perceived
stress. Results showed no associations between HCC and perceived stress (Karlén et al., 2011; Mayer
et al., 2018; Stalder et al., 2012a; Stetler & Guinn, 2020) but showed positive associations between
exposure to stress (assessed with serious or stressful life events) and HCC (Karlén et al., 2011; Stetler
& Guinn, 2020). Thus, it seems that HCC is more often associated with either stressful conditions or
life events than with perceived stress. Researchers often explain the inconsistent findings of
associations between cortisol concentrations and perceived stress with the ‘lack of psychoendocrine
covariance’ (Gerber et al., 2013; Schlotz et al., 2008; Staufenbiel et al., 2013). This concept tries to
explain that different on- and offsets of the stress response systems (i.e., lag effects where
psychological responses precede endocrine responses) could contribute to the null findings (Schlotz
et al., 2008). Next to this reasoning, differences in study sample characteristics and different

measurements of perceived stress are also possible explanations (Staufenbiel et al., 2013).

The presented inconsistent findings show the complexity of associations between HCC and stress
(and its causes) and further show that the classification of HCC as an indicator of chronic stress may

not be readily accepted (Liu & Doan, 2019).
1.4.4 Associations between chronic stress and physiological acute stress reactions and
recovery

There are not many studies to date investigating associations between HCC and physiological stress

reactions by applying the TSST. There are however more studies investigating other concepts of

15



stress with acute physiological reactions in laboratory stress tests, but comparisons between these
different conceptualizations need to be carefully made. Studies on increased subjective chronic stress
or work stress have presented lower blood pressure or HR responses (Cavanagh & Obasi, 2021;
Hamer et al., 2006; Matthews et al., 2001; Pruessner et al., 2013; Siegrist & Klein, 1990). In contrast,
higher role uncertainty at work was not associated with blood pressure (Wirtz et al., 2013). A high
number of adverse childhood events was associated with a blunted salivary cortisol response in

TSST, but not with HR or blood pressure responses (Elzinga et al., 2008).

For the few studies that already investigated HCC within TSST and healthy study samples, the
following results occurred: HCC was negatively associated with salivary cortisol, HR and HRV
responses (Sandner et al., 2020; Wekenborg et al., 2019). However, in one of the two studies
participants showed different levels of burnout symptomatic (Wekenborg et al., 2019). In patients at
risk for psychosis, no associations between HCC and HR or salivary cortisol have been found, but

for skin conductance level in TSST (Soder et al., 2020).

There are even less studies to date particularly investigating chronic stress and acute (cardiovascular)
recovery from psychosocial stressors such as the TSST in healthy samples. One study assessing
mainly acute stress recovery in terms of salivary cortisol did not show associations between HCC
and salivary cortisol recovery in healthy adults (Degering et al., 2023). In patients at risk for
psychosis it has been shown that HCC predicted a less pronounced recovery (Soder et al., 2020).
Self-reported chronic stress (combining perceived stress, job and relationship satisfaction) was not
associated with blood pressure or HR recovery (Matthews et al., 2001), but general life stress
(distinctive of job stress) has been shown to be associated with poorer cardiovascular recovery in

meta-analytical results (Chida & Hamer, 2008).

Due to the mixed findings in the literature, applying a physiological measure as an indicator of HPA-
axis activity may thus be of help when investigating potential links between chronic stress and acute
stress reactions or long-term health consequences. It may be especially helpful if differences occur
because of differing conceptualizations when investigating the concept of stress (Zankert et al.,

2019).
1.5 Aims of this dissertation

This thesis aims to investigate acute and chronic causes and effects of stress among future (i.e.,
medical students) and current healthcare professionals as they show increased risks for stress-related
adverse health consequences. It has been shown that the current state of scientific evidence on the
complex associations between stressors, (work) stress and biological stress reactions (acute and
chronic) is very mixed and therefore two overarching aims are investigated: First, psychosocial

stressors among hospital staff are investigated by analyzing associations with well-being but also by
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applying newer approaches (i.e., external rating of ERI) which consider managers as important levers
for well-being and stress reduction in hospitals. Second, psychosocial stressors and acute stress
reactions are further investigated in more detail with a promising physiological marker (i.e., HCC)
among medical students. A contribution to fill knowledge gaps in this field may enhance
understanding of the mechanisms that lead from stress to disease in this high risk professional group
and to design effective interventions. Table 1 presents an overview of the study papers of this

dissertation and their measurements.

The first part of this dissertation investigates the criterion validity of the ERI model in a sample of
hospital employees in Germany. It also compares mean values of the ERI model, provided by hospital
employees and mean values of an adapted ERI model, where managers reported how they perceived
employees’ efforts and rewards. The research questions are as follows:
1. Is there an association between effort, reward, or ER-ratio and subjective well-being in
hospital employees?
2. Do managers who are asked to report effort, reward and ER-ratio values about employees

report similar values to those reported by the employees themselves?

The second part of this dissertation investigates whether psychosocial study conditions, assessed with
ERI model and JDCS model, are associated with HCC in medical students in Germany. The research
questions are as follows:
3. Is there an association between reported demands, decision latitude, social support (from
professors/lecturers or social support from students) and HCC in medical students?
4. Is there an association between reported efforts, rewards or ER-ratio and HCC in medical

students?

The third part of this dissertation investigates whether HCC is associated with acute stress reactions

in medical students. In particular, the research questions are as follows:

Is HCC associated with the magnitude of acute blood pressure responses in VR-TSST?
Is HCC associated with the magnitude of acute HRV responses in VR-TSST?

5
6.
7. Is HCC associated with the magnitude of acute blood pressure recovery in VR-TSST?
8

Is HCC associated with the magnitude of acute HRV recovery in VR-TSST?
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Table 1. Overview of dissertation papers and study variables.

Study 1 Study 2 Study 3

Reference Heming et al., Hemingetal,2023a Heming et al., 2024
2023b

Study design Cross-sectional Cross-sectional Cross-sectional,

experimental

Study sample Hospital staff Medical students Medical students

Chapter 2.1 2.2 23

Stress approach Environmental Environmental Biological
/epidemiological /epidemiological

Independent variables ERI model ERI model, JIDCS model HCC

Dependent variables Well-being HCC Blood pressure, HRV

ERI: Effort-reward imbalance. JDCS: Job demand control support. HCC: Hair cortisol concentration. HRV:

Heart rate variability.

1.6 Ethics vote

The following ethic committees approved the first study: Ulm University (No. 501/18), Heidelberg
University (No. S-602/2019) and Heinrich-Heine University Diisseldorf (No. 6193R). The ethics

committee of the medical faculty of the Heinrich-Heine-University of Diisseldorf approved the two

following studies (2019-714).
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3. Discussion

The reduction of high stress levels among healthcare professionals as well as medical students is an
important public health aim which can be beneficial for the individuals themselves, for treated
patients and the healthcare system. Psychosocial stress and its social, psychological and biological
consequences require various methodological approaches to investigate its causes and effects. The
three studies at hand can show a selection of some well-established approaches combined with newer
measures, resulting in different implications for research and practice. Revealing discrepancies
between the perception of managers and employees concerning the level of stress may offer an
opportunity to improve leadership and thereby working conditions (Heming et al., 2023b). Taking a
step back and observing medical students in more detail, as the future workforce in the healthcare
sector, revealed that specific psychosocial stressors were associated with long-term HPA-axis
activity (Heming et al., 2023a). This stressed group of students may entail higher risks for future
diseases if their acute stress responses maintain impaired (Heming et al., 2024).

Within the following chapters, summaries of the three studies will follow as well as interpretation of
results in light of the existing scientific literature. Strengths and limitations will be discussed and

implications both for research and practice will be given.
3.1 Summary of results

3.1.1 Summary of results for psychosocial stressors in hospital staff

The first study and research question aimed to investigate the criterion validity of the ERI
questionnaire by investigating associations between effort, reward, ER-ratio and subjective well-
being in hospital employees in Germany. Results on this research aim showed that all components,
namely effort, reward and the ER-ratio were associated with well-being in hospital employees, while
adjusted for age, sex, marital status, employment status, occupational position and the respective

components of the ERI model (Heming et al., 2023b).

To investigate the second research question ‘Do managers who are asked to report effort, reward and
ER-ratio values about their employees report similar values to those reported by the employees
themselves?’, descriptive statistics were shown for the ERI questionnaire assessed by managers and
the ERI questionnaire self-reported by employees. It was shown that there are some discrepancies
between managers and employee’s perceptions of ERI. Mean values for effort were reported
relatively similarly by managers and employees (Heming et al., 2023b). In contrast, managers
reported higher mean values of rewards for their employees than employees reported reward mean
values themselves. These findings resulted in a lower, more favorable ER-ratio, representing a lower

level of stress, reported by managers compared to employees (Heming et al., 2023b).
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3.1.2  Summary of results for the association between psychosocial stressors and HCC

among medical students

For the second study, results have shown that out of the JDCS model only demands were positively
associated with HCC among medical students while adjusted for sex and age (third research aim).
Accordingly, decision latitude, social support from professors/lecturers or social support from

students were not associated with HCC among medical students (Heming et al., 2023a).

Regarding, the fourth research aim it has been shown that of the ERI model, effort and ER-ratio were
positively associated with HCC among medical students, when adjusted for sex and age (Heming et
al., 2023a). When regression analyses included all components of the two questionnaires together
(except ER-ratio), only the association between demands and HCC remained significant (Heming et

al., 2023a).

3.1.3 Summary of results for the association between HCC and physiological acute

stress reactions among medical students

To investigate the research aims five to eight in the third study, piecewise linear growth analyses
have been conducted. Results have shown an effect of HCC on acute blood pressure responses in
VR-TSST among medical students (research aim five). Participants who reported higher HCC levels
(>75™ percentile) showed lower SBP and DBP responses compared to medium HCC levels (25" —
75™ percentile). There was no effect observable of HCC on acute HRV responses or acute HRV
recovery (research aim six and eight). There was also no effect of HCC observable on blood pressure
recovery (research aim seven). Including HCC as a continuous variable into the piecewise linear
growth analyses, showed no significant results, but similar directions of associations to the observed

significant interaction effect of HCC on acute blood pressure reactions.
3.2 Psychosocial work stressors in hospital staff and managers’ perspective

Before multiple linear regression analyses investigated the associations between ERI components
and subjective well-being among hospital employees, confirmatory factor analyses (CFA) were
performed to investigate factorial validity of ERI questionnaires for employees and managers.
Results showed that, overall, both models did not achieve acceptable model fits according to indices
such as the goodness-of-fit index (GFI), adjusted-goodness-of-fit index, root mean square error of
approximation or comparative fit index (Heming et al., 2023b). However, excluding a further reward
item (“The job promotion prospects for my employees are poor”) from the ERI questionnaire for
managers from the CFA improved the indices substantially (GFI for example increased to 0.937)
(Heming et al., 2023b). As the study sample was relatively small to conduct CFA, and as two items
have been excluded from the original version, this may explain the not acceptable model fit indices,

as with this approach the underlying theoretical model (i.e., a second order model for distinct reward
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components) could not be fully investigated but only a first order model. Due to inadequate item
characteristics, one item asking about receiving respect from a superior was excluded as well as one
item asking about job security as this aspect is of no relevance in the German hospital sector (Heming
et al., 2023b). Further, internal consistency assessed with Cronbach’s alpha was acceptable for both
questionnaires. In comparison to previous studies, Cronbach’s alpha values were slightly lower
compared to studies using the short questionnaire version (Leineweber et al., 2010; Siegrist et al.,
2009), but were more comparable to studies among healthcare staff, using the long version of the

questionnaire (Msaouel et al., 2012; Weyers et al., 2006).

The results of multiple linear regression analyses of associations between ERI and well-being were
in the direction expected and support findings of previous research. It was shown that efforts and
ER-ratio were negatively associated with well-being and reward was positively associated with well-
being among hospital employees (Heming et al., 2023b). The results go in hand with the literature
mentioned in chapter 1.2.2 that shows poorer well-being for adverse psychosocial work stressors
(Nguyen Van et al., 2018; van Vegchel et al., 2001; Weyers et al., 2006). For example, among
Chinese physicians, job strain as well as ERI were associated with poorer health functioning (Li et
al., 2006). ERI however, better explained health functioning, compared to job strain (Li et al., 2006).
The authors suggested that ERI may have more explanative power in regard of service occupations

due to the frequent occurrence of personal interactions in the job (Li et al., 2006).

The results of the second research question carefully suggested that the participating managers might
be able to assess their employee’s effort in an accurate way (Heming et al., 2023b). With this, the
term accurately can only refer to the subjective rating that was given by the employees themselves.
As the ERI model is validated and established in numerous countries and shows links between
working conditions and work stress (and health), it seems unlikely that the employees would fail to
correctly report their own perception of effort and reward (Heming et al., 2023b). In addition, self-

report is the standard environmental approach used to study psychosocial stressors.

Considering the reward component, managers may have overestimated the amount and quality of
rewards they or the organization provide to employees (Heming et al., 2023b). Rewards can refer to
salary, esteem and also career opportunities such as job security (Siegrist, 2012). Managers may,
over time, internalize the contractual or established conditions that are common in hospitals, making
it easier for them to adjust their perceptions to these conditions (Heming et al., 2023b). This could
contribute to weakened skills of self-awareness and to become less aware of workers' perceptions of
a lack of fairness or recognition in these areas of work. In favor of this line of thought may be research
that divided managers (according to their self-ratings and assessments of their employees) into being
overestimators, underestimators or those being in-agreement regarding transformational leadership

style: Results showed that employees reported to be more satisfied with their job and supervision, if
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their managers were underestimators or in-agreement, compared to being overestimators (Moshavi
et al., 2003). Other research, using 360 degree feedback approach (where managers are rated by
multiple sources), showed also that overestimators, when confronted with their inaccurate ratings,
assume that their subordinates ratings are less accurate and also show more negative reactions (Brett
& Atwater, 2001). Thus, it could be possible that the managers who overestimate their given rewards,
are less aware or emphatic towards their employees’ rewards (Moshavi et al., 2003). However, in
regard of successful stress prevention, leaders have to be aware of their role of providing recognition,

esteem and feedback to their employees (Siegrist, 2012).

Transformational leaders are for example known to provide esteem in terms of being attentive
towards needs or appreciation for good work (Weil & Siif3, 2016). It was shown that a perceived
transformational leadership is negatively associated with ERI among employees of different
occupational sectors in Germany (Weill & Sii3, 2016). Being an attentive leader may correspond to
the reward component of the ERI model (Weill & SiiB3, 2016). Thus, to carefully suggest, training
transformational leadership skills including self-awareness may result in increased satisfaction of
rewards reported among hospital staff in Germany and potential work stress reduction for employees.
In regard of this, another longitudinal study conducted in Germany showed that leadership quality
moderated the association between ERI and physical self-rated health reported by nurses
(Kuchenbaur & Peter, 2023). Among employees reporting a better leadership quality, the negative
association between ERI and self-rated health was stronger (Kuchenbaur & Peter, 2023). However,
among employees reporting a worsening of leadership quality, the impact of ERI on self-rated health
became non-significant. These findings may also suggest that components of leadership quality are
also covered by components, such as support and esteem, present in the ERI model (Formazin et al.,
2014). This could also show that the ability to adequately assess employee’s efforts and rewards is
helpful in being an attentive and supportive leader. Thereby, the components of the ERI model may
be even more relevant for health than the sole influence of good leadership quality (Kuchenbaur &
Peter, 2023). Investigating leadership behavior remains important, as it was shown, for example, that
leadership behavior and social relations are important work-related factors, since they are reported
by healthcare professionals as relevant in the development of mental disorders (Junne et al., 2018).
In terms of prevention approaches for reducing work stress in hospitals, leadership behavior should

be considered as an important opportunity (Erschens et al., 2022).

As it was shown, assessing ERI to measure workload is not only valid for employees, but may offer
a newer approach in terms of health promotion by assessing manager’s perceptions of their

employees’ effort and reward, if further researched.
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3.3 Psychosocial stressors in hospital staff and medical students

In order to reflect on psychosocial stressors for hospital employees and for medical students, it is
reasonable to have a closer look at the reported ER-ratios, assessed in both study one and two. These
comparisons are not based on any statistical tests, but are rather just descriptive as also the ERI
questionnaires used differed for the study groups as well as their score calculations. In general,
reported ER-ratios of hospital employees are considerably higher compared to ER-ratios of medical
students. However, as the questionnaires were used in different settings and across different study
populations, the components reflect different stressors. While effort can for example refer to effort
at work spent for hospital employees, this does rather reflect effort spent for studies and exams in
case of medical students. While the reward component among working populations can consider for
example satisfaction with salary, among a student population reward considers different aspects
relevant for the university setting, such as an evaluation of whether the study program can be
completed successfully. Thus, it does seem reasonable that implications for hospital staff and medical
students need to be different in order to target the relevant psychosocial stressors. In addition,
different ER-ratios can also be due to different age distributions, gender or other characteristics of
the samples. For example, higher ER-ratios are found among men, compared to women (Siegrist et

al., 2009).
3.4 HCC and its association to psychosocial stressors

Some of the results of research aims three and four stand in contrast to the previous literature
mentioned in chapter 1.4.3. Previous studies conducted in working populations showed no
associations between HCC and JDCS (Janssens et al., 2017; Qi et al., 2015; van der Meij et al., 2018).
As also mentioned in chapter 1.4.3, this can have different reasons, which need explanation. In one
study it was argued that the number of workers who experienced high work demands could have
simply been too low (Janssens et al., 2017). Other authors suggested that demands could have been
experienced only for a short amount of time, not resulting in important HPA-axis activity changes
(Qi et al., 2015). This would also be supportive of previous research suggesting that stress must be
ongoing for HPA-axis activity changes to occur (Herane Vives et al., 2015; Liu & Doan, 2019). One
recent study has found indications for a potential hypocortisolism in new and young hospital
employees in Germany: as one of the first prospective studies they have shown that technostress was
associated with subsequent reduced HCC (Kaltenegger et al., 2024). Technostressors referred to
multitasking at work, work interruptions and overload of information (Kaltenegger et al., 2024).
Thus, as a consequence of experienced technostress at work, this could have resulted in blunted HPA-
axis activity (Kaltenegger et al., 2024). A similar study showed also a negative association between
work stress and HCC (Penz et al., 2019). However, different stressors are known to elicit different

stress responses, which could also indicate that the technostressors were evaluated by the participants
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as a challenging situation that could be coped with (Dickerson & Kemeny, 2004; Kaltenegger et al.,
2024). In favor of this last explanation, the authors have shown for example a non-significant positive
relationship between a demand-control ratio and HCC, indicating that technostressors and their
appraisal may differ from work stressors (Kaltenegger et al., 2024). As for the study population at
hand, in medical studies the workload experienced is constant and an important stressor reported by
medical students (Dyrbye et al., 2005; M. R. Hill et al., 2018). Thus, this may show that the
association between demands and HCC reflects this high workload in terms of increased

physiological reactions and thus increased HPA-axis activity (Heming et al., 2023a).

Other null findings of the second study go in hand with previous literature. For example, no
associations have been found between other components of the JDCS model and HCC. Also, other
research among students has not found significant results for associations between control and
perceived stress (Schmidt et al., 2015; Sieverding et al., 2013). Further, the existing workplace
studies have not found associations between control and HCC (Janssens et al., 2017; Qi et al., 2015;
van der Meij et al., 2018). According to the JDCS model, a high level of control is helpful for a
healthy working environment. However, there may be individuals with lower self-efficacy, which
may not aim to have high control at their jobs as they perceive high control potentially as negative
stressors because they feel overwhelmed by the responsibility of being able and having to make their
own decisions (Mark & Smith, 2008). In that way, increased decision latitude could be perceived as
a greater stressor (O'Donnell et al., 2015) resulting in a compensation effect, where positive and

negative perceptions of increased control could have balanced each other out.

While the JDCS has received some critique as the assessed job characteristics are limited and cannot
explain intra-individual differences due to the focus on mainly environmental conditions (Mark &
Smith, 2008), it is also helpful to consider the ERI model. In the second study among medical
students, associations between effort and HCC and between ER-ratio and HCC were shown (Heming
et al., 2023a). This goes in line with previous literature, as also other studies among working
populations have found associations between ERI and HCC (Qi et al., 2014; van der Meij et al.,
2018). As the effort and demand components are rather similar (Li et al., 2006), this may also
strengthen the result that a high workload during studies may increase HPA-axis activity among
medical students. However, also the ER-ratio showed a significant association with HCC, which
shows that also rewards, i.e., receiving appreciation from lecturers/ professors or fellow students or
feeling treated fairly at university, may be relevant for HPA-axis activity among students. Received
rewards can for example either balance out high efforts or in case of low rewards, they could increase

physiological stress reactions (Heming et al., 2023a).

There were some non-significant indications within the analyses of the JDCS model that support

from fellow students may be more relevant for the study participants’ HCC levels than support from
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lecturers or professors (Heming et al., 2023a). There may be more comprehensive coping
opportunities that can be supportive from fellow students as they are more closely connected in the
study environment and share the same experiences and may feel more empathy from them compared
to lecturers, for example. With this for example, fellow students may be relevant for reduction of

mental health symptoms (Cotton et al., 2002).

To sum up, the findings in this part of the dissertation could expand previous research findings among
working populations, precisely by showing that for students, demands may be the strongest factor
associated with HCC (Heming et al., 2023a). Applying the work stress theories among a group of
students helped to shed a light on some different magnitudes of stressors for medical students and

their potential relevance for long-term HPA-axis activity.

3.5HCC and its relevance for the association of physiological acute stress

resSponsces

Using HCC as a marker reflecting prolonged HPA-axis activity, it was aimed to investigate in more
detail how acute physiological stress responses occur for different HCC levels among this group of
students in the third study. Thus, considering not only self-reported study conditions, but applying
the biological approach, is helpful as physiological reactions of the body itself can be observed and
investigated. Thereby, applying the TSST, as an established tool to induce psychosocial stress, can
be helpful for more detailed assessment of physiological stress reactions and their associations with

HCC.

A blunted blood pressure response was shown among medical students having higher HCC (Heming
et al., 2024). One explanation, for the blunted blood pressure response may offer the allostatic load
model, introduced in chapter 1.4.1 (McEwen, 1998). Within this mechanism, one of four pathways
describes that inadequate acute stress responses can occur due to chronic stress exposure: reduced
(or inadequate) stress responses of one stress response system can lead to the activation of another
stress system (McEwen, 1998). In case of the study findings, this could indicate that reduced
responses of the SNS system (i.e., lower blood pressure responses) occurred due to the increased

activation of the HPA-axis activity (i.e., higher levels of HCC) (Heming et al., 2024).

In the literature there are also findings that indicate and support the findings of blunted stress
responses for higher HCC: Wekenborg et al. have shown that higher HCC were associated with lower
HR and heightened HRV responses (2019). As an important difference to the study results at hand,
the study population needs to be described in more detail. While the medical students were screened
for several potential (mental) health disorders and were younger, the study by Wekenborg et al. was
especially conducted among male employees that showed various levels of burnout symptoms

(2019). Thus, one could suggest that their sample was less healthy and was more likely to already
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suffer from stress-related health consequences. The only other study conducted at the time using the
TSST and HCC among a healthy sample, found that higher HCC were associated with reduced
salivary cortisol reactions (Sandner et al., 2020). Although these findings may be in line with the
study results at hand (Heming et al., 2024), their research was investigating the same underlying
stress response system, namely the HPA-axis, which cannot fully support the fourth pathway of the
allostatic load model where different stress response systems are involved. As studies among HCC
and acute stress reactions are still scarce, more research may be helpful in interpreting the observed
results shown in Heming et al. (2024). For example, among working populations, self-reported
chronic (work) stress has been shown to be associated with reduced cardiovascular responses in acute
stress situations (Hamer et al., 2006; Matthews et al., 2001). Also, among primarily female students,
it has been shown that chronic stress exposure before undergoing TSST, was associated with lower

HR reactions (Cavanagh & Obasi, 2021).

Next to the allostatic load model, the model of “toughness” by Dienstbier was introduced in chapter
1.4.1. This model may offer additional explanation for the research findings at hand, as it describes
both the SNS and HPA-axis during acute stress and offers pathways for both stress response systems
(Dienstbier, 1989). As it was shown in the previous study that study demands were associated with
HCC in medical students (Heming et al., 2023a), it may be that students have been toughened due to
experienced past stressors and thus react with increased SNS reactions, i.e., higher blood pressure
reactions for medium HCC levels. Thus, for these students, HCC may show experienced study stress
of the past two months. This was indicated in the second study, as next to the multiple regression
results, also mean values for the psychosocial stressors in the study setting and HCC mean values for
each study year were reported (Heming et al., 2023a). Study demands and HCC were either on
average both higher or both lower, indicating that study stress may be reflected in increased HCC
levels. However, the model of toughness further proposes that moderate stress levels would go in
hand with a faster recovery once the stressor is terminated, which was not supported by our data
(Dienstbier, 1989; Heming et al., 2024). Furthermore, next to this adaptive response, Dienstbier also
suggested how a maladaptive response of SNS would look like, i.e., the increase during acute stress
would not be very steep (Blascovich & Mendes, 2010; Dienstbier, 1989). In our case, this may reflect
the response of the medical students with higher HCC levels as they showed lower blood pressure

responses compared to the students with medium HCC levels.

Unfortunately, there are no available reference values for a VR-TSST indicating which magnitudes
of blood pressure reactions are appropriate (Helminen et al., 2019), but there is one study that tried
to find out which values of different indicators could result in subsequent diseases, examined within
various laboratory stress tests (O' Riordan et al., 2023). The authors have estimated thresholds for
blood pressure being predictive of diseases such as depression or obesity: For example, the threshold

for DBP was estimated between -2.4 to -5.00 mmHg (O' Riordan et al., 2023). Applying this
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threshold level to the study results at hand, the group of medical students with higher HCC would
belong to the risk group (Heming et al., 2024).

Next to these potentially important findings, other indicators investigated showed no significant
results in the study (Heming et al., 2024). It was aimed to investigate HRV (in terms of RMSSD) as
well as the recovery period of the TSST as a separate time period. Previous research has shown that
parasympathetic markers such as RMSSD showed the smallest effect sizes when compared to SNS
markers, which showed larger effect sizes and when compared to HPA markers which showed
medium effect sizes (Dickerson & Kemeny, 2004; van Dammen et al., 2022). This could give an
indication why there were no significant results for RMSSD, as the study sample was potentially too
small to detect these smaller effect sizes. Other significant research findings were observed for only
male participants (Wekenborg et al., 2019), which may also show that gender differences may
contribute to differing results. Observing larger effect sizes for SNS markers (van Dammen et al.,
2022) can also support the idea to introduce more studies and research on blood pressure as an

important cardiovascular health indicator, next to well-established measures such as HR.

However, also the null findings of Heming et al. (2024) on recovery after VR-TSST should not
discourage researchers to further reflect separately on recovery and reaction. For example, the
allostatic load model describes that sustained arousal may be harmful for health, in the long-term
(McEwen, 1998). Thus, it is a possibility that the study sample was potentially too young for adverse
consequences of long-term experienced stress (Heming et al., 2024). Age has been shown to be a
relevant moderator for the association between stress recovery and health outcomes (Panaite et al.,
2015). Differing findings of various studies around this topic can show that it is important which
conceptualization of stress is assessed. For example, when self-report is used, it has been shown that
general life stress was related to blunted recovery (Chida & Hamer, 2008). However, different
stressors or perceived stress are not necessarily contributing to the same results, which is why
researcher should cautiously choose their study population according to the specific stress concept
which is examined. However, combining the use of psychological and physiological indicators in
research may help to achieve even more details for the interplay of the processes from stress reactions
towards health consequences (Geurts & Sonnentag, 2006). Thus, using HCC as a somewhat newer
addition to the physiological approach seems to be promising in view of the research results shown

so far.
3.6 Strengths and limitations

3.6.1 Strengths

The first study among hospital employees and managers is unique in that self-reports of employees

were contrasted with self-reports of managers about their employees. Precisely by using the well-
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established ERI model, we were among the first to present how managers perceive their employees’
efforts and also rewards given to them. Our contributions can further support criterion validity for

the use of the ERI model in healthcare (Heming et al., 2023b).

A second strength of this dissertation was the use of the established work stress models and applying
their validated version for students. It can also be considered a strength that this project aimed to
combine and compare self-report with physiological indicators, i.e., HCC. In this way, the links
between the different stress approaches, i.e., environmental and physiological approach, may be

better understood and new insights are gained.

Furthermore, the studies of this dissertation entail the strength of applying relatively new tools in
research, namely HCC in combination with blood pressure and the use of the externally rated ERI
questionnaire. These measures are compared with well-established measures, such as the ERI model
or investigated in a setting with an established knowledge base, i.e., TSST, which can help to make
better interpretations of results. This can also contribute to gaining a better comparability towards
existing studies. Nevertheless, it is important to acknowledge the differences in statistical methods,
for example in score calculations, different questionnaire versions or different methods for extracting

physiological measurements, for example.

Another strength for the two studies among medical students is the strict procedure to achieve a
healthy sample, yet under high stress. In stress research in general, it can help to either exclude or

carefully take underlying medical conditions into account, as they could bias the results.

3.6.2 Limitations

It is important to consider and discuss the limitations of the studies. All three presented studies are
of cross-sectional design. This makes it impossible to draw causal conclusions. Within cross-
sectional research design, there is always the risk of reverse causation or third variables influencing

the associations investigated.

Some of the assessed measures were collected by self-report. This gives rise to the common method
variance bias, especially in the first presented study (Podsakoff et al., 2003). Also, along with self-
reported data goes the risk of receiving answers that are viewed as socially desirable by the

participants.

All three studies entail risk of selection bias due to the recruitment approaches (i.e., convenience
sampling). There is the risk that either especially stressed individuals wanted to participate within
the studies, or especially not-stressed individuals wanted to participate as they feel to have more time

to be part in a study. This can either under or overestimate the results at hand.
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In regard of the first two research questions among hospital employees, the following limitations
have to be addressed. Conducting CFA usually requires relatively big sample sizes, therefore the
sample size at hand may be too small, which could have resulted in the restricted model fit. Further,
due to the data structure there was no possibility to match the data of managers directly with the
employees. Thus, interpretations of these results need to be considered carefully. It was tried to
minimize this methodological limitation by presenting results on hospital department levels (Heming

et al., 2023b).

The two studies among medical students had relatively small sample sizes. Thus, there is a possibility
that smaller effects could not be observed. However, it was tried to minimize this risk by conducting
a power analysis beforehand (Heming et al., 2023a) and considering previous literature in the field,
which stated that medium effect sizes are observable for chronic stressors and HCC (Staufenbiel et
al., 2013). Also in the third study, it has to be acknowledged that the sample size was somewhat
small. However, for conducting a VR-TSST, the sample size is comparable to other studies in the
field (Sandner et al., 2020; Wekenborg et al., 2019) and even greater than an average of 25
participants reported by a meta-analysis (van Dammen et al., 2022). In that meta-study, larger sample

sizes did not lead to larger effect sizes in the VR studies reviewed (van Dammen et al., 2022).

Further, the two studies among medical students were conducted at one medical school in Germany,
which limits generalizability of results (Heming et al., 2024; Heming et al., 2023a). However, high
stress levels exist also in other medical schools and countries (Dyrbye et al., 2005). Thus, it may be
reasonable to think that similar results of associations between study stressors and HCC may be
found in medical students studying in other countries. For both studies and their underlying research
questions it is in important to keep in mind, that medical students are a population group which
normally represent young and relatively healthy individuals showing higher perception of stress than

the average population of similar age (Heinen et al., 2017).

In order to reflect non-linear associations between different HCC levels and acute stress reactions, a
categorization of the HCC variable was applied in the third study. This goes in hand with loss of
information, which is a limitation worth mentioning. This was tried to be balanced out by including
sensitivity analyses using a continuous HCC variable, for which results can be found in the published

study as well (Heming et al., 2024).
3.7 Implications

3.7.1 Implications for research

Some methodological implications can be named for the three studies of this dissertation. Regarding
the used measurements of this project, the first study assessed ERI by managers for employees

(Heming et al., 2023b). Showing discrepancies between self-report and manager’s reporting’s in a
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descriptive manner can highlight the need for future research to shed more light on managers and
their perceptions for improvement and awareness of working conditions in hospitals. In line with
this, future studies should aim for data that would enable matching of managers and their employees

to conduct more comprehensive analyses considering a nested data structure.

Further in the second study, it was shown that HCC as a physiological marker may be used to reflect
prolonged HPA axis activity in medical students (Heming et al., 2023a). Therefore, future research
should aim to further investigate and apply HCC in similar study populations. If doing so, future
studies would also benefit from applying longitudinal studies which can investigate causality and
future health consequences of elevated HCC. It may be of help to maintain this longitudinal research
in (medical) students, as they are considered a relatively healthy and young group of individuals
where underlying diseases may be more easily manageable or not yet observable. If results can be
replicated and strengthened, future studies should be conducted in diverse study populations to test
the generalizability of findings. Conducting research with multiple measurement points of HCC and
psychosocial stressors may help to understand the observed HCC fluctuations over time (Heming et

al., 2023a).

Regarding theoretical implications, showing an association between study conditions and HCC
(Heming et al., 2023a) as well as associations between acute stress reactions and HCC (Heming et
al., 2024) can strengthen the understanding of physiological stress reactions in medical students. It
can help to better understand the interplay of acute and chronic stress as well as of self-reported
stressors and physiological markers. Considering and focusing on the perceptions of managers, as
done in study one (Heming et al., 2023b), may give new insights on how individuals with leadership
responsibilities perceive their employees work stress or rewards. This can expand the scientific
evidence and suggests that besides a personal awareness of own work stressors among managers, the
awareness of employees’ work stressors may be relevant as well for promotion of working conditions

in hospitals.

3.7.2 Practical implications

All practical implications of this dissertation are tentative suggestions what may be beneficial, when
having the results in mind. It is important to mention that findings based on longitudinal studies are

warranted in order to develop targeted practical implications.

Interventions on leadership behavior are rarely implemented in the healthcare sector (Stuber et al.,
2021). Therefore, future approaches would benefit from including a leadership component, such as
providing relational competencies, into their health promoting prevention programs. Trying to keep
the results of the potentially overestimated rewards in mind, leader who consistently perceive their

behavior towards their employees as better, as employees themselves, may benefit from
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interventions, especially targeted to this group (Moshavi et al., 2003). This could be tried by self-
awareness training, for example (Moshavi et al., 2003). This line of thought is also supported by
Siegrist who suggested that promoting leadership skills may be one measure to reduce work stress
for employees in companies on a personal level (Siegrist, 2012). In support of our research and
findings, it is aimed to include trainings for managers on reflection of their leadership role as well as
establishing appreciative relationships (Kiillenberg et al., 2022). Generally, it may be helpful to look
at the components of the ERI model in order to improve working conditions in hospitals, especially

in order to find ways on how to increase reward perceptions of employees.

Due to the high stress levels among medical students, but also among healthcare professionals in
general, it is important to start early on to prevent stress-related diseases to occur in the future.
Therefore, as it was tried to do by the first study among medical students, it is important to already
investigate the causes of stress in students. Applying models which are established and based on
theoretical constructs and have been shown to predict an increased risk of certain diseases
(Niedhammer et al., 2021), may be promising to establish factors which are potentially harmful for
health. In terms of interventions for psychosocial stress reduction in students, it has already been
suggested that measures should take place on an organizational level (Kdtter et al., 2015). This can
for example entail more flexible arrangements for attendance or exams (Dederichs et al., 2020; Kotter
et al., 2015). On an individual level, time management courses may be helpful to better deal with
high demands during the studies (Héfner et al., 2014). However, as certain stressors (i.e., high
demands) may already result in increased HPA axis activity (Heming et al., 2023a), it should be

prioritized by universities to reduce chronic stress already early on in the medical program.

4. Conclusions

This dissertation aimed to gain a better overall understanding of causes and consequences of
psychosocial stress among (future) healthcare professionals. This dissertation wants to highlight the
need for research that can help to build foundations for advances in stress research and ultimately

stress prevention by applying novel as well as established measurements in stress research.

Within the first study of this dissertation, it has been shown, that ERI remains a valid tool to assess
work stressors via self-report of hospital staff. The ERI model was associated with general well-
being in hospital staff, within a cross-sectional design. Descriptive comparisons showed, that using
the ERI model for external ratings may offer some insights on discrepancies between managers and
employees in hospitals in regard of rewards. This could become relevant in stress prevention at the
workplace if future research applies more sound methods to further test and support the results.
However, stress prevention in hospitals should aim to reduce poor working conditions, such as

perceptions of a lack of rewards received.
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Previous assessments of the ERI model have already shown that an adapted version for university
setting is valid to use in medical students, just like the JDCS model. Within a cross-sectional design,
demands, efforts and ER-ratio, were associated with HCC, indicating increased HP A-axis activity of
the past two months. If these results would also hold true for longitudinal studies and thus confirm
causality, prevention approaches should aim to reduce study demands in medical students by

prevention measures on an organizational level.

After showing the potential of HCC for reflecting prolonged HPA-axis activity among medical
students, the last study of this dissertation further investigated acute and chronic stress among these
individuals. Medical students took part in a VR-TSST and their stress reactions were analyzed for
different HCC levels. Medical students reporting higher HCC levels showed lower blood pressure
reactions when compared to medium HCC levels. These findings may provide information on

potential inadequate stress responses of medical students with increased HCC levels.

35



5. References

Aiken, L. H., Sermeus, W., van den Heede, K., Sloane, D. M., Busse, R., McKee, M., Bruyneel, L.,
Rafferty, A. M., Griffiths, P., Moreno-Casbas, M. T., Tishelman, C., Scott, A., Brzostek, T.,
Kinnunen, J., Schwendimann, R., Heinen, M., Zikos, D., Sjetne, I. S., Smith, H. L., &
Kutney-Lee, A. (2012). Patient safety, satisfaction, and quality of hospital care: Cross
sectional surveys of nurses and patients in 12 countries in Europe and the United States. Bmyj,
344, el717. https://doi.org/10.1136/bmj.e1717

Ali, N., Cooperman, C., Nitschke, J. P., Baldwin, M. W., & Pruessner, J. C. (2020). The effects of
suppressing the biological stress systems on social threat-assessment following acute stress.
Psychopharmacology, 237(10), 3047-3056. https://doi.org/10.1007/s00213-020-05591-z

Allen, A. P., Kennedy, P.J., Cryan,J. F., Dinan, T. G.,, & Clarke, G. (2014). Biological and
psychological markers of stress in humans: Focus on the Trier Social Stress Test.
Neuroscience and Biobehavioral Reviews, 38, 94-124.
https://doi.org/10.1016/j.neubiorev.2013.11.005

Angerer, P., & Weigl, M. (2015). Physicians' Psychosocial Work Conditions and Quality of Care: A
Literature Review. Professions and Professionalism, 5(1). https://doi.org/10.7577/pp.960

Arnold, H., Meyer, C. P., Salem,J., Raspe, M., Struck,J.P., & Borgmann, H. (2017).
Weiterbildungs- und Arbeitsbedingungen urologischer Assistenzérzte in Deutschland :
Ergebnisse einer GeSRU-Umfrage von 2015 [Work and training conditions of residents in
urology in Germany : Results of a 2015 nationwide survey by the German Society of
Residents in  Urology]. Der  Urologe. Ausg. A, 56(10), 1311-1319.
https://doi.org/10.1007/s00120-017-0495-0

Blascovich, J., & Mendes, W. B. (2010). Social Psychophysiology and Embodiment. Handbook of
Social Psychology. Advance online publication.
https://doi.org/10.1002/9780470561119.socpsy001006

Brett, J. F., & Atwater, L. E. (2001). 360 degree feedback: Accuracy, reactions, and perceptions of
usefulness. The  Jouwrnal  of  Applied  Psychology, 86(5), 930-942.
https://doi.org/10.1037//0021-9010.86.5.930

Campbell, J., & Ehlert, U. (2012). Acute psychosocial stress: Does the emotional stress response
correspond with physiological responses? Psychoneuroendocrinology, 37(8), 1111-1134.
https://doi.org/10.1016/j.psyneuen.2011.12.010

Cavanagh, L., & Obasi, E. M. (2021). The Moderating Role of Coping Style on Chronic Stress
Exposure and Cardiovascular Reactivity Among African American Emerging Adults.
Prevention Science : The Official Journal of the Society for Prevention Research, 22(3),
357-366. https://doi.org/10.1007/s11121-020-01141-3

Chatkoff, D. K., Maier, K. J., & Klein, C. (2010). Nonlinear associations between chronic stress and
cardiovascular reactivity and recovery. International Journal of Psychophysiology : Official
Journal of the International Organization of Psychophysiology, 77(2), 150-156.
https://doi.org/10.1016/].ijpsycho.2010.05.008

Chida, Y., & Hamer, M. (2008). Chronic psychosocial factors and acute physiological responses to
laboratory-induced stress in healthy populations: A quantitative review of 30 years of
investigations. Psychological Bulletin, 134(6), 829-885. https://doi.org/10.1037/a0013342

Chida, Y., & Steptoe, A. (2010). Greater cardiovascular responses to laboratory mental stress are
associated with poor subsequent cardiovascular risk status: A meta-analysis of prospective
evidence. Hypertension, 55(4), 1026-1032.
https://doi.org/10.1161/HYPERTENSIONAHA.109.146621

Cohen, S., Gianaros, P.J., & Manuck, S. B. (2016). A Stage Model of Stress and Disease.
Perspectives on Psychological Science : A Journal of the Association for Psychological

Science, 11(4), 456—463. https://doi.org/10.1177/1745691616646305

36



Cohen, S., Janicki-Deverts, D., & Miller, G. E. (2007). Psychological stress and disease. Jama,
298(14), 1685—-1687. https://doi.org/10.1001/jama.298.14.1685

Cohen, S., Kamarck, T., & Mermelstein, R. (1983). A global measure of perceived stress. Journal of
Health and Social Behavior, 385-396.

Cooper, C. L., & Quick,J. C. (2017). The Handbook of Stress and Health. Wiley.
https://doi.org/10.1002/9781118993811

Cotton, S. J., Dollard, M. F., & de Jonge, J. (2002). Stress and Student Job Design: Satisfaction,
Well-Being, and Performance in University Students. International Journal of Stress
Management, 9(3), 147—-162. https://doi.org/10.1023/A:1015515714410

Davenport, M. D., Tiefenbacher, S., Lutz, C. K., Novak, M. A., & Meyer, J. S. (2006). Analysis of
endogenous cortisol concentrations in the hair of rhesus macaques. General and
Comparative Endocrinology, 147(3), 255-261. https://doi.org/10.1016/j.ygcen.2006.01.005

Dederichs, M., Weber, J., Muth, T., Angerer, P., & Loerbroks, A. (2020). Students' perspectives on
interventions to reduce stress in medical school: A qualitative study. PLoS One, 15(10),
€0240587. https://doi.org/10.1371/journal.pone.0240587

Degering, M., Linz, R., Puhlmann, L. M. C., Singer, T., & Engert, V. (2023). Revisiting the stress
recovery hypothesis: Differential associations of cortisol stress reactivity and recovery after
acute psychosocial stress with markers of long-term stress and health. Brain, Behavior, &
Immunity - Health, 28, 100598. https://doi.org/10.1016/j.bbih.2023.100598

Dettenborn, L., Tietze, A., Bruckner, F., & Kirschbaum, C. (2010). Higher cortisol content in hair
among long-term unemployed individuals compared to controls.
Psychoneuroendocrinology, 35(9), 1404-14009.
https://doi.org/10.1016/j.psyneuen.2010.04.006

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol responses: A theoretical
integration and synthesis of laboratory research. Psychological Bulletin, 130(3), 355-391.
https://doi.org/10.1037/0033-2909.130.3.355

Dienstbier, R. A. (1989). Arousal and physiological toughness: Implications for mental and physical
health. Psychological Review, 96(1), 84—100. https://doi.org/10.1037/0033-295X.96.1.84

Dragano, N., Siegrist, J., Nyberg, S. T., Lunau, T., Fransson, E. 1., Alfredsson, L., Bjorner, J. B.,
Borritz, M., Burr, H., Erbel, R., Fahlén, G., Goldberg, M., Hamer, M., Heikkila, K.,
Jockel, K.-H., Knutsson, A., Madsen, 1. E. H., Nielsen, M. L., Nordin, M., . . . Kivimaki, M.
(2017). Effort-Reward Imbalance at Work and Incident Coronary Heart Disease: A
Multicohort Study of 90,164 Individuals. Epidemiology (Cambridge, Mass.), 28(4), 619—
626. https://doi.org/10.1097/EDE.0000000000000666

Dyrbye, L. N., Shanafelt, T. D., Sinsky, C. A., Cipriano, P. F., Bhatt, J., Ommaya, A., West, C. P.,
& Meyers, D. (2017). Burnout among health care professionals: a call to explore and address
this underrecognized threat to safe, high-quality care. NAM Perspectives.

Dyrbye, L. N., Thomas, M. R., & Shanafelt, T. D. (2005). Medical student distress: Causes,
consequences, and proposed solutions. Mayo Clinic Proceedings, 8§0(12), 1613-1622.
https://doi.org/10.4065/80.12.1613

Dyrbye, L. N., West, C. P., Satele, D., Boone, S., Tan, L., Sloan, J., & Shanafelt, T. D. (2014).
Burnout among U.S. Medical students, residents, and early career physicians relative to the
general U.S. Population. Academic Medicine : Journal of the Association of American
Medical Colleges, 89(3), 443—451. https://doi.org/10.1097/ACM.0000000000000134

Elzinga, B. M., Roelofs, K., Tollenaar, M. S., Bakvis, P., van Pelt, J., & Spinhoven, P. (2008).
Diminished cortisol responses to psychosocial stress associated with lifetime adverse events
a study among healthy young subjects. Psychoneuroendocrinology, 33(2), 227-237.
https://doi.org/10.1016/j.psyneuen.2007.11.004

Epel, E. S., Crosswell, A. D., Mayer, S. E., Prather, A. A., Slavich, G. M., Puterman, E., &
Mendes, W. B. (2018). More than a feeling: A unified view of stress measurement for

37



population science. Frontiers in Neuroendocrinology, 49, 146-169.
https://doi.org/10.1016/].yfrne.2018.03.001

Erschens, R., Herrmann-Werner, A., Keifenheim, K. E., Loda, T., Bugaj, T.J., Nikendei, C.,
Lammerding-Koppel, M., Zipfel, S., & Junne, F. (2018b). Differential determination of
perceived stress in medical students and high-school graduates due to private and training-
related stressors. PLoS One, 13(1),e0191831. https://doi.org/10.1371/journal.pone.0191831

Erschens, R., Loda, T., Herrmann-Werner, A., Keifenheim, K. E., Stuber, F., Nikendei, C.,
Zipfel, S., & Junne, F. (2018a). Behaviour-based functional and dysfunctional strategies of
medical students to cope with burnout. Medical Education Online, 23(1), 1535738.
https://doi.org/10.1080/10872981.2018.1535738

Erschens, R., Seifried-Diibon, T., Stuber, F., Rieger, M. A., Zipfel, S., Nikendei, C., Genrich, M.,
Angerer, P., Maatouk, 1., Giindel, H., Rothermund, E., Peters, M., & Junne, F. (2022). The
association of perceived leadership style and subjective well-being of employees in a tertiary
hospital in Germany. PLoS One, 17(12), e0278597.
https://doi.org/10.1371/journal.pone.0278597

Folkman, S., Lazarus, R. S., Gruen, R. J., & DeLongis, A. (1986). Appraisal, coping, health status,
and psychological symptoms. Journal of Personality and Social Psychology, 50(3), 571—
579. https://doi.org/10.1037/0022-3514.50.3.571

Formazin, M., Burr, H., Aagestad, C., Tynes, T., Thorsen, S. V., Perkio-Makela, M., Diaz
Aramburu, C. I., Pinilla Garcia, F.J., Galiana Blanco, L., Vermeylen, G., Parent-
Thirion, A., Hooftman, W., & Houtman, . (2014). Dimensional comparability of
psychosocial working conditions as covered in European monitoring questionnaires. BMC
Public Health, 14, 1251. https://doi.org/10.1186/1471-2458-14-1251

Frajerman, A., Morvan, Y., Krebs, M.-O., Gorwood, P., & Chaumette, B. (2019). Burnout in
medical students before residency: A systematic review and meta-analysis. European
Psychiatry : The Journal of the Association of European Psychiatrists, 55, 36—42.
https://doi.org/10.1016/j.eurpsy.2018.08.006

Franke, F., Felfe, J., & Pundt, A. (2014). The Impact of Health-Oriented Leadership on Follower
Health: Development and Test of a New Instrument Measuring Health-Promoting
Leadership. German Journal of Human Resource Management: Zeitschrift Fiir
Personalforschung, 28(1-2), 139-161. https://doi.org/10.1177/239700221402800108

Gasperin, D., Netuveli, G., Dias-da-Costa, J. S., & Pattussi, M. P. (2009). Effect of psychological
stress on blood pressure increase: a meta-analysis of cohort studies. Cadernos De Saude
Publica, 25(4), 715-726.

Gerber, M., Kalak, N., Elliot, C., Holsboer-Trachsler, E., Piihse, U., & Brand, S. (2013). Both hair
cortisol levels and perceived stress predict increased symptoms of depression: An
exploratory study in young adults. Neuropsychobiology, 68(2), 100-109.
https://doi.org/10.1159/000351735

Geurts, S. A. E., & Sonnentag, S. (2006). Recovery as an explanatory mechanism in the relation
between acute stress reactions and chronic health impairment. Scandinavian Journal of
Work, Environment & Health, 482—492.

Gow, R., Thomson, S., Rieder, M., van Uum, S., & Koren, G. (2010). An assessment of cortisol
analysis in hair and its clinical applications. Forensic Science International, 196(1-3), 32—
37. https://doi.org/10.1016/j.forsciint.2009.12.040

Gregersen, S., Kuhnert, S., Zimber, A., & Nienhaus, A. (2011). Fiithrungsverhalten und Gesundheit
- Zum Stand der Forschung [Leadership behaviour and health - current research state].
Gesundheitswesen (Bundesverband der Arzte des Offentlichen Gesundheitsdienstes
(Germany)), 73(1), 3—12. https://doi.org/10.1055/s-0029-1246180

Héfner, A., Stock, A., Pinneker, L., & Strohle, S. (2014). Stress prevention through a time
management training intervention: an experimental study. Educational Psychology, 34(3),
403-416. https://doi.org/10.1080/01443410.2013.785065

38



Hamer, M., Williams, E., Vuonovirta, R., Giacobazzi, P., Gibson, E. L., & Steptoe, A. (2006). The
effects of effort-reward imbalance on inflammatory and cardiovascular responses to mental
stress. Psychosomatic Medicine, 68(3), 408-413.
https://doi.org/10.1097/01.psy.0000221227.02975.a0

Heim, C., Ehlert, U., & Hellhammer, D. H. (2000). The potential role of hypocortisolism in the
pathophysiology of stress-related bodily disorders. Psychoneuroendocrinology, 25(1), 1-35.
https://doi.org/10.1016/S0306-4530(99)00035-9

Heinen, I., Bullinger, M., & Kocalevent, R.-D. (2017). Perceived stress in first year medical students
- associations with personal resources and emotional distress. BMC Medical Education,
17(1), 4. https://doi.org/10.1186/s12909-016-0841-8

Helminen, E. C., Morton, M. L., Wang, Q., & Felver, J. C. (2019). A meta-analysis of cortisol
reactivity to the Trier Social Stress Test in virtual environments. Psychoneuroendocrinology,
110, 104437. https://doi.org/10.1016/j.psyneuen.2019.104437

Helminen, E. C., Morton, M. L., Wang, Q., & Felver, J. C. (2021). Stress Reactivity to the Trier
Social Stress Test in Traditional and Virtual Environments: A Meta-Analytic Comparison.
Psychosomatic Medicine, 83(3), 200-211. https://doi.org/10.1097/PSY.0000000000000918

Heming, M., Angerer, P., Apolinario-Hagen, J., Liszio, S., Nater, U. M., Skoluda, N., & Weber, J.
(2024). Hair cortisol concentration and its association with acute stress responses and
recovery in a sample of medical students in Germany. Psychoneuroendocrinology, 163,
106986. https://doi.org/10.1016/j.psyneuen.2024.106986

Heming, M., Angerer, P., Apolinario-Hagen, J., Nater, U. M., Skoluda, N., & Weber, J. (2023a). The
association between study conditions and hair cortisol in medical students in Germany - a
cross-sectional study. Journal of Occupational Medicine and Toxicology (London, England),
18(1), 7. https://doi.org/10.1186/s12995-023-00373-7

Heming, M., Siegrist, J., Erschens, R., Genrich, M., Hander, N. R., Junne, F., Kiillenberg, J. K.,
Miiller, A., Worringer, B., & Angerer, P. (2023b). Managers perception of hospital
employees' effort-reward imbalance. Journal of Occupational Medicine and Toxicology
(London, England), 18(1), 8. https://doi.org/10.1186/s12995-023-00376-4

Heponiemi, T., Elovainio, M., Pulkki, L., Puttonen, S., Raitakari, O., & Keltikangas-Jarvinen, L.
(2007). Cardiac autonomic reactivity and recovery in predicting carotid atherosclerosis: The
cardiovascular risk in young Finns study. Health Psychology : Olfficial Journal of the
Division of Health Psychology, American Psychological Association, 26(1), 13-21.
https://doi.org/10.1037/0278-6133.26.1.13

Herane Vives, A., Angel, V. de, Papadopoulos, A., Strawbridge, R., Wise, T., Young, A. H.,
Arnone, D., & Cleare, A. J. (2015). The relationship between cortisol, stress and psychiatric
illness: New insights using hair analysis. Journal of Psychiatric Research, 70, 38—49.
https://doi.org/10.1016/].jpsychires.2015.08.007

Herhaus, B., & Petrowski, K. (2018). Cortisol Stress Reactivity to the Trier Social Stress Test in
Obese Adults. Obesity Facts, 11(6), 491-500. https://doi.org/10.1159/000493533

Herr, R. M., Almer, C., Loerbroks, A., Barrech, A., Elfantel, 1., Siegrist, J., Giindel, H., Angerer, P.,
& Li, J. (2018). Associations of work stress with hair cortisol concentrations — initial findings
from a  prospective study. Psychoneuroendocrinology, 89, 134-137.
https://doi.org/10.1016/j.psyneuen.2018.01.011

Hilger-Kolb, J., Diehl, K., Herr, R., & Loerbroks, A. (2018). Effort-reward imbalance among
students at German universities: Associations with self-rated health and mental health.
International Archives of Occupational and Environmental Health, 91(8), 1011-1020.
https://doi.org/10.1007/s00420-018-1342-3

Hill, L. K., Siebenbrock, A., Sollers, J. J., & Thayer, J. F. (2009). Are all measures created equal?
Heart rate variability and respiration. Biomed. Sci. Instrum, 45, 71-76.

39



Hill, M. R., Goicochea, S., & Merlo, L. J. (2018). In their own words: Stressors facing medical
students in the millennial generation. Medical Education Online, 23(1), 1530558.
https://doi.org/10.1080/10872981.2018.1530558

Hocking Schuler, J. L., & O'Brien, W. H. (1997). Cardiovascular recovery from stress and
hypertension risk factors: A meta-analytic review. Psychophysiology, 34(6), 649—659.
https://doi.org/10.1111/j.1469-8986.1997.tb02141.x

Hodge, B., Wright, B., & Bennett, P. (2020). Balancing Effort and Rewards at University:
Implications for Physical Health, Mental Health, and Academic Outcomes. Psychological
Reports, 123(4), 1240—-1259. https://doi.org/10.1177/0033294119841845

Holmes, T. H., & Rahe, R. H. (1967). The social readjustment rating scale. Journal of Psychosomatic
Research, 11(2), 213-218. https://doi.org/10.1016/0022-3999(67)90010-4

Ishak, W. W., Lederer, S., Mandili, C., Nikravesh, R., Seligman, L., Vasa, M., Ogunyemi, D., &
Bernstein, C. A. (2009). Burnout during residency training: A literature review. Journal of
Graduate Medical Education, 1(2), 236-242. https://doi.org/10.4300/JGME-D-09-00054.1

Janssens, H., Clays, E., Fiers, T., Verstraete, A. G., Bacquer, D. de, & Braeckman, L. (2017). Hair
cortisol in relation to job stress and depressive symptoms. Occupational Medicine, 67(2),
114-120. https://doi.org/10.1093/occmed/kqw114

Jiménez, P., Winkler, B., & Dunkl, A. (2017). Creating a healthy working environment with
leadership: the concept of health-promoting leadership. The International Journal of Human
Resource Management, 28(17), 2430-2448.
https://doi.org/10.1080/09585192.2015.1137609

Johnson, J. V., & Hall, E. M. (1988). Job strain, work place social support, and cardiovascular
disease: A cross-sectional study of a random sample of the Swedish working population.
American Journal of Public Health, 78(10), 1336-1342.
https://doi.org/10.2105/AJPH.78.10.1336

Junne, F., Michaelis, M., Rothermund, E., Stuber, F., Giindel, H., Zipfel, S., & Rieger, M. A. (2018).
The Role of Work-Related Factors in the Development of Psychological Distress and
Associated Mental Disorders: Differential Views of Human Resource Managers,
Occupational Physicians, Primary Care Physicians and Psychotherapists in Germany.
International Journal of Environmental Research and Public Health, 15(3).
https://doi.org/10.3390/ijerph15030559

Kalra, S., Einarson, A., Karaskov, T., van Uum, S., & Koren, G. (2007). The relationship between
stress and hair cortisol in healthy pregnant women. Clinical and Investigative Medicine,
E103-E107.

Kaltenegger, H. C., Marques, M. D., Becker, L., Rohleder, N., Nowak, D., Wright, B.J., &
Weigl, M. (2024). Prospective associations of technostress at work, burnout symptoms, hair
cortisol, and chronic low-grade inflammation. Brain, Behavior, and Immunity, 117, 320—
329. https://doi.org/10.1016/j.bbi1.2024.01.222

Karasek, R. A. (1979). Job Demands, Job Decision Latitude, and Mental Strain: Implications for Job
Redesign. Administrative Science Quarterly, 24(2), 285. https://doi.org/10.2307/2392498

Karasek, R. A., Brisson, C., Kawakami, N., Houtman, 1., Bongers, P., & Amick, B. (1998). The Job
Content Questionnaire (JCQ): An instrument for internationally comparative assessments of
psychosocial job characteristics. Journal of Occupational Health Psychology, 3(4), 322—
355. https://doi.org/10.1037/1076-8998.3.4.322

Karlén, J., Ludvigsson, J., Frostell, A., Theodorsson, E., & Faresjo, T. (2011). Cortisol in hair
measured in young adults - a biomarker of major life stressors? BMC Clinical Pathology,
11(1), 12. https://doi.org/10.1186/1472-6890-11-12

Kemeny, M. E. (2003). The Psychobiology of Stress. Current Directions in Psychological Science,
12(4), 124-129. https://doi.org/10.1111/1467-8721.01246

40



Kikuchi, Y., Nakaya, M., Ikeda, M., Narita, K., Takeda, M., & Nishi, M. (2010). Effort-reward
imbalance and depressive state in nurses. Occupational Medicine (Oxford, England), 60(3),
231-233. https://doi.org/10.1093/occmed/kqp167

King, S. L., & Hegadoren, K. M. (2002). Stress hormones: How do they measure up? Biological
Research for Nursing, 4(2), 92—103. https://doi.org/10.1177/1099800402238334

Kirschbaum, C., Pirke, K., & Hellhammer, D. H. (1993). The 'Trier Social Stress Test'--a tool for
investigating psychobiological stress responses in a laboratory setting. Neuropsychobiology,
28(1-2), 76-81. https://doi.org/10.1159/000119004

Kirschbaum, C., Tietze, A., Skoluda, N., & Dettenborn, L. (2009). Hair as a retrospective calendar
of cortisol production-Increased cortisol incorporation into hair in the third trimester of
pregnancy. Psychoneuroendocrinology, 34(1), 32-37.
https://doi.org/10.1016/j.psyneuen.2008.08.024

Klein, J., Grosse Frie, K., Blum, K., & Knesebeck, O. von dem (2010). Burnout and perceived
quality of care among German clinicians in surgery. International Journal for Quality in
Health Care, 22(6), 525-530. https://doi.org/10.1093/intghc/mzq056

Knesebeck, O. von dem, Klein, J., Grosse Frie, K., Blum, K., & Siegrist, J. (2010). Psychosocial
stress among hospital doctors in surgical fields: Results of a nationwide survey in Germany.
Deutsches Arzteblatt International, 107(14), 248-253.
https://doi.org/10.3238/arztebl.2010.0248

Kopp, M. S., Thege, B. K., Balog, P., Stauder, A., Salavecz, G., Rozsa, S., Purebl, G., & Adam, S.
(2010). Measures of stress in epidemiological research. Journal of Psychosomatic Research,
69(2), 211-225. https://doi.org/10.1016/j.jpsychores.2009.09.006

Korber, M., Schmid, K., Drexler, H,, & Kiesel,J. (2018). Subjektive Arbeitsbelastung,
Arbeitszufriedenheit, Work-Life-Balance von Arzten und Pflegekriften eines
Kommunalklinikums im lidndlichen Raum im Vergleich zu einem grof3stidtischen
Universitétsklinikum [Subjective Workload, Job Satisfaction, and Work-Life-Balance of
Physicians and Nurses in a Municipal Hospital in a Rural Area Compared to an Urban
University Hospital]. Gesundheitswesen (Bundesverband der Arzte des Offentlichen
Gesundheitsdienstes (Germany)), 80(5), 444—452. https://doi.org/10.1055/s-0042-121596

Kotter, T., Pohontsch, N. J., & Voltmer, E. (2015). Stressors and starting points for health-promoting
interventions in medical school from the students’ perspective: a qualitative study.
Perspectives on Medical Education, 4(3), 128—135. https://doi.org/10.1007/s40037-015-
0189-5

Kuchenbaur, M., & Peter, R. (2023). Quality of leadership and self-rated health: The moderating role
of 'Effort-Reward Imbalance: A longitudinal perspective. International Archives of
Occupational and Environmental Health, 96(3), 473-482. https://doi.org/10.1007/s00420-
022-01941-w

Kudielka, B. M., Hellhammer, D. H., & Wiist, S. (2009). Why do we respond so differently?
Reviewing determinants of human salivary cortisol responses to challenge.
Psychoneuroendocrinology, 34(1), 2—18. https://doi.org/10.1016/j.psyneuen.2008.10.004

Kiillenberg, J. K., Niermann, D., Becker, S., & Korner, M. (2022). From approachables on the
sidelines to dedicated sensitives: Developing a leadership typology among healthcare leaders
utilizing grounded theory. Journal of Health Organization and Management, ahead-of-
print(ahead-of-print). https://doi.org/10.1108/JHOM-01-2022-0018

Kuper, H., Singh-Manoux, A [A.], Siegrist, J., & Marmot, M [M.] (2002). When reciprocity fails:
Effort-reward imbalance in relation to coronary heart disease and health functioning within
the Whitehall II study. Occupational and Environmental Medicine, 59(11), 777-784.
https://doi.org/10.1136/0em.59.11.777

Lange, A. H. de, Taris, T. W., Kompier, M. A. J., Houtman, I. L. D., & Bongers, P. M. (2003). "The
very best of the millennium": Longitudinal research and the demand-control-(support)

41



model.  Journal of  Occupational  Health  Psychology, 8(4), 282-305.
https://doi.org/10.1037/1076-8998.8.4.282

Lazarus, R. S. (1984). Stress, appraisal, and coping. Springer.

Le Huu, P., Bellagamba, G., Bouhadfane, M., Villa, A., & Lehucher, M.-P. (2022). Meta-analysis of
effort-reward imbalance prevalence among physicians. [International Archives of
Occupational and Environmental Health, 95(3), 559-571. https://doi.org/10.1007/s00420-
021-01784-x

Leineweber, C., Wege, N., Westerlund, H., Theorell, T., Wahrendorf, M., & Siegrist, J. (2010). How
valid is a short measure of effort-reward imbalance at work? A replication study from
Sweden. Occupational  and  Environmental  Medicine, 67(8),  526-531.
https://doi.org/10.1136/0em.2009.050930

Leka, S., & Jain, A. (2010). Health impact of psychosocial hazards at work: an overview. World
Health Organization: Geneva, Switzerland.

Li, J., Weigl, M., Glaser, J., Petru, R., Siegrist, J., & Angerer, P. (2013). Changes in psychosocial
work environment and depressive symptoms: A prospective study in junior physicians.
American Journal of Industrial Medicine, 56(12), 1414-1422.
https://doi.org/10.1002/ajim.22246

Li, J., Yang, W., & Cho, S.-1. (2006). Gender differences in job strain, effort-reward imbalance, and
health functioning among Chinese physicians. Social Science & Medicine, 62(5), 1066—
1077. https://doi.org/10.1016/j.socscimed.2005.07.011

Liu, C. H., & Doan, S. N. (2019). Innovations in biological assessments of chronic stress through
hair and nail cortisol: Conceptual, developmental, and methodological issues.
Developmental Psychobiology, 61(3), 465-476. https://doi.org/10.1002/dev.21830

Loerbroks, A., Weigl, M., Li, J., & Angerer, P. (2016). Effort-reward imbalance and perceived
quality of patient care: A cross-sectional study among physicians in Germany. BMC Public
Health, 16, 342. https://doi.org/10.1186/s12889-016-3016-y

Long, J., & Cumming, J. (2013). Psychosocial Variables. In M. D. Gellman & J. R. Turner (Eds.),
Encyclopedia of Behavioral Medicine (pp. 1585-1587). Springer New York.
https://doi.org/10.1007/978-1-4419-1005-9 486

Lopez-Lopez, I. M., Gomez-Urquiza, J. L., Canadas, G.R., La Fuente, E. 1. de, Albendin-
Garcia, L., & La Cafiadas-De Fuente, G. A. (2019). Prevalence of burnout in mental health
nurses and related factors: A systematic review and meta-analysis. /nternational Journal of
Mental Health Nursing, 28(5), 1032—1041. https://doi.org/10.1111/inm.12606

Ludwig, A. B., Burton, W., Weingarten, J., Milan, F., Myers, D. C., & Kligler, B. (2015).
Depression and stress amongst undergraduate medical students. BMC Medical Education,
15, 141. https://doi.org/10.1186/5s12909-015-0425-z

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of stress throughout the
lifespan on the brain, behaviour and cognition. Nature Reviews. Neuroscience, 10(6), 434—
445, https://doi.org/10.1038/nrn2639

Man, L. S. C., Shao, R., Hou, W. K., Xin Li, S., Liu, F. Y., Lee, M., Wing, Y. K., Yau, S.-Y., &
Lee, T. M. C. (2023). Multi-systemic evaluation of biological and emotional responses to
the Trier Social Stress Test: A meta-analysis and systematic review. Frontiers in
Neuroendocrinology, 68, 101050. https://doi.org/10.1016/j.yfrne.2022.101050

Manenschijn, L., Koper, J. W., Lamberts, S. W. J., & van Rossum, E. F. C. (2011). Evaluation of a
method to measure long term cortisol levels. Steroids, 76(10-11), 1032-1036.
https://doi.org/10.1016/j.steroids.2011.04.005

Mark, G. M., & Smith, A. P. (2008). Stress models: a review and suggested new direction. In J.
Houdmont & S. Leka (Eds.), Occupational health psychology: European perspectives on
research, education and practice. Volume 3, 2008. Nottingham University Press.

Matthews, K. A., Gump, B. B., & Owens, J. F. (2001). Chronic stress influences cardiovascular and
neuroendocrine responses during acute stress and recovery, especially in men. Health

42



Psychology : Official Journal of the Division of Health Psychology, American Psychological
Association, 20(6), 403—410. https://doi.org/10.1037//0278-6133.20.6.403

Mayer, S. E., Lopez-Duran, N. L., Sen, S., & Abelson, J. L. (2018). Chronic stress, hair cortisol and
depression: A prospective and longitudinal study of medical internship.
Psychoneuroendocrinology, 92, 57-65. https://doi.org/10.1016/j.psyneuen.2018.03.020

McCay, R., Lyles, A. A., & Larkey, L. (2018). Nurse Leadership Style, Nurse Satisfaction, and
Patient Satisfaction: A Systematic Review. Journal of Nursing Care Quality, 33(4), 361—
367. https://doi.org/10.1097/NCQ.0000000000000317

McEwen, B. S. (1998). Protective and damaging effects of stress mediators. New England Journal
of Medicine, 338(3), 171-179.

Miller, G. E., Chen, E., & Zhou, E. S. (2007). If it goes up, must it come down? Chronic stress and
the hypothalamic-pituitary-adrenocortical axis in humans. Psychological Bulletin, 133(1),
25-45. https://doi.org/10.1037/0033-2909.133.1.25

Montano, D., Reeske, A., Franke, F., & Hiiffmeier, J. (2017). Leadership, followers' mental health
and job performance in organizations: A comprehensive meta-analysis from an occupational
health  perspective. Journal of Organizational Behavior, 38(3), 327-350.
https://doi.org/10.1002/job.2124

Moshavi, D., Brown, F. W., & Dodd, N. G. (2003). Leader self-awareness and its relationship to
subordinate attitudes and performance. Leadership & Organization Development Journal,
24(7), 407-418. https://doi.org/10.1108/01437730310498622

Msaouel, P., Keramaris, N. C., Apostolopoulos, A. P., Syrmos, N., Kappos, T., Tasoulis, A.,
Tripodaki, E.-S., Kagiampaki, E., Lekkas, I., & Siegrist,J. (2012). The effort-reward
imbalance questionnaire in Greek: Translation, validation and psychometric properties in
health  professionals. Journal of  Occupational  Health, 54(2), 119-130.
https://doi.org/10.1539/joh.11-0197-OA

Nguyen Van, H., Dinh Le, M., Nguyen Van, T., Nguyen Ngoc, D., Tran Thi Ngoc, A., & Nguyen
The, P. (2018). A systematic review of effort-reward imbalance among health workers. The
International Journal of Health Planning and Management. Advance online publication.
https://doi.org/10.1002/hpm.2541

Niedhammer, 1., Bertrais, S., & Witt, K. (2021). Psychosocial work exposures and health outcomes:
A meta-review of 72 literature reviews with meta-analysis. Scandinavian Journal of Work,
Environment & Health, 47(7), 489-508. https://doi.org/10.5271/sjweh.3968

O' Riordan, A., Howard, S., & Gallagher, S. (2023). Blunted cardiovascular reactivity to
psychological stress and prospective health: A systematic review. Health Psychology
Review, 17(1), 121-147. https://doi.org/10.1080/17437199.2022.2068639

Obrist, P. A. (1981). Cardiovascular Psychophysiology: A Perspective. Springer.

O'Donnell, E., Landolt, K., Hazi, A., Dragano, N., & Wright, B. J. (2015). An experimental study of
the job demand-control model with measures of heart rate variability and salivary alpha-
amylase: Evidence of increased stress responses to increased break autonomy.
Psychoneuroendocrinology, 51, 24-34. https://doi.org/10.1016/j.psyneuen.2014.09.017

Paganin, G., Angelis, M. de, Pische, E., Violante, F. S., Guglielmi, D., & Pietrantoni, L. (2023). The
Impact of Mental Health Leadership on Teamwork in Healthcare Organizations: A Serial
Mediation Study. Sustainability, 15(9), 7337. https://doi.org/10.3390/su15097337

Panaite, V., Salomon, K., Jin, A., & Rottenberg, J. (2015). Cardiovascular recovery from
psychological and physiological challenge and risk for adverse cardiovascular outcomes and
all-cause mortality. Psychosomatic Medicine, 77(3), 215-226.
https://doi.org/10.1097/PSY.0000000000000171

Parent-Thirion, A., Biletta, I., Cabrita, J., Vargas Llave, O., Vermeylen, G., Wilczynska, A.,
Wilkens, M., & Eurofound. (2016). Sixth European Working Conditions Survey — Overview
report. Eurofound. https://policycommons.net/artifacts/1840857/sixth-european-working-
conditions-survey/2583901/ https://doi.org/10.2806/422172

43



Pelzer, A., Sapalidis, A., Rabkow, N., Pukas, L., Giinther, N., & Watzke, S. (2022). Does medical
school cause depression or do medical students already begin their studies depressed? A
longitudinal study over the first semester about depression and influencing factors. GMS
Journal for Medical Education, 39(5).

Penz, M., Siegrist, J., Wekenborg, M. K., Rothe, N., Walther, A., & Kirschbaum, C. (2019). Effort-
reward imbalance at work is associated with hair cortisol concentrations: Prospective
evidence from the Dresden Burnout Study. Psychoneuroendocrinology, 109.
https://doi.org/10.1016/j.psyneuen.2019.104399

Phillips, A. C., Ginty, A. T., & Hughes, B. M. (2013). The other side of the coin: Blunted
cardiovascular and cortisol reactivity are associated with negative health outcomes.
International Journal of Psychophysiology : Official Journal of the International
Organization of Psychophysiology, 90(1), 1-7.
https://doi.org/10.1016/j.ijpsycho.2013.02.002

Podsakoff, P. M., MacKenzie, S. B., Lee, J.-Y., & Podsakoft, N. P. (2003). Common method biases
in behavioral research: A critical review of the literature and recommended remedies. The
Journal of Applied Psychology, 88(5), 879-903. https://doi.org/10.1037/0021-
9010.88.5.879

Portoghese, I., Galletta, M., Porru, F., Burdorf, A., Sardo, S., D'Aloja, E., Finco, G.,, &
Campagna, M. (2019). Stress among university students: Factorial structure and
measurement invariance of the Italian version of the Effort-Reward Imbalance student
questionnaire. BMC Psychology, 7(1), 68. https://doi.org/10.1186/s40359-019-0343-7

Pruessner, M., Béchard-Evans, L., Boekestyn, L., Iyer, S. N., Pruessner, J. C., & Malla, A. K.
(2013). Attenuated cortisol response to acute psychosocial stress in individuals at ultra-high
risk for psychosis. Schizophrenia Research, 146(1-3), 79-86.
https://doi.org/10.1016/j.schres.2013.02.019

Qi, X., Liu, Y., Zhang, J., Ji, S., Shuiter, J. K., Zhou, R., & Deng, H. (2015). Relationship between
work strain, need for recovery after work and cumulative cortisol among kindergarten
teachers. International Archives of Occupational and Environmental Health, 88(8), 1053—
1059. https://doi.org/10.1007/s00420-015-1033-2

Qi, X., Zhang, J., Liu, Y., Ji, S., Chen, Z., Sluiter, J. K., & Deng, H. (2014). Relationship between
effort-reward imbalance and hair cortisol concentration in female kindergarten teachers.
Journal of Psychosomatic Research, 76(4), 329-332.
https://doi.org/10.1016/j.jpsychores.2014.01.008

Raspe, M., Miiller-Marbach, A., Schneider, M., Siepmann, T., & Schulte, K. (2016). Arbeits- und
Weiterbildungsbedingungen deutscher Assistenzirztinnen und -drzte in internistischer
Weiterbildung [Work and training conditions of young German physicians in internal
medicine. Results of a nationwide survey by young internists from the German Society of
Internal Medicine and the German Professional Association of Internists]. DMW - Deutsche
Medizinische Wochenschrift, 141(3), 202-210. https://doi.org/10.1055/s-0041-109329

Raul, J.-S., Cirimele, V., Ludes, B., & Kintz, P. (2004). Detection of physiological concentrations of
cortisol and cortisone in human hair. Clinical Biochemistry, 37(12), 1105-1111.
https://doi.org/10.1016/j.clinbiochem.2004.02.010

Rohleder, N. (2016). Chronic Stress and Disease. In Insights to Neuroimmune Biology (pp. 201-
214). Elsevier. https://doi.org/10.1016/B978-0-12-801770-8.00009-4

Rosta, J., & Aasland, O. G. (2011). Work hours and self rated health of hospital doctors in Norway
and Germany. A comparative study on national samples. BMC Health Services Research,
11, 40. https://doi.org/10.1186/1472-6963-11-40

Rotenstein, L. S., Ramos, M. A., Torre, M., Segal, J. B., Peluso, M. J., Guille, C., Sen,S., &
Mata, D. A. (2016). Prevalence of depression, depressive symptoms, and suicidal ideation
among medical students: a systematic review and meta-analysis. Jama, 316(21), 2214-2236.

44



Russell, E., Kirschbaum, C., Laudenslager, M. L., Stalder, T., Rijke, Y. de, van Rossum, E. F. C.,
van Uum, S., & Koren, G. (2015). Toward standardization of hair cortisol measurement:
Results of the first international interlaboratory round robin. Therapeutic Drug Monitoring,
37(1), 71-75. https://doi.org/10.1097/FTD.0000000000000148

Russell, E., Koren, G., Rieder, M., & van Uum, S. (2012). Hair cortisol as a biological marker of
chronic stress: Current status, future directions and unanswered questions.
Psychoneuroendocrinology, 37(5), 589-601.
https://doi.org/10.1016/j.psyneuen.2011.09.009

Sandner, M., Lois, G., Streit, F., Zeier, P., Kirsch, P., Wiist, S., & Wessa, M. (2020). Investigating
individual stress reactivity: High hair cortisol predicts lower acute stress responses.
Psychoneuroendocrinology, 118, 104660. https://doi.org/10.1016/j.psyneuen.2020.104660

Sanne, B., Mykletun, A., Dahl, A. A., Moen, B. E., & Tell, G. S. (2005). Testing the Job Demand-
Control-Support model with anxiety and depression as outcomes: The Hordaland Health
Study. Occupational Medicine, 55(6), 463—473. https://doi.org/10.1093/occmed/kqi071

Schaufeli, W. B., Martinez, 1. M., Pinto, A. M., Salanova, M., & Bakker, A. B. (2002). Burnout and
Engagement in University Students. Journal of Cross-Cultural Psychology, 33(5), 464—481.
https://doi.org/10.1177/0022022102033005003

Schlotz, W., Kumsta, R., Layes, 1., Entringer, S., Jones, A., & Wiist, S. (2008). Covariance between
psychological and endocrine responses to pharmacological challenge and psychosocial
stress: A question of timing. Psychosomatic Medicine, 70(7), 787-796.
https://doi.org/10.1097/PSY.0b013e3181810658

Schmidt, L. 1., Scheiter, F., Neubauer, A., & Sieverding, M. (2019) [Demands, Decision Latitude,
and Stress Among University Students: Findings on Reliability and Validity of a
Questionnaire on Structural Conditions (StrukStud) Based on the Job Content
Questionnaire]. Diagnostica, 65(2), 63—74. https://doi.org/10.1026/0012-1924/a000213

Schmidt, L. I., Sieverding, M., Scheiter, F., & Obergfell, J. (2015). Predicting and explaining
students’ stress with the Demand—Control Model: does neuroticism also matter? Educational
Psychology, 35(4), 449-465. https://doi.org/10.1080/01443410.2013.857010

Schreuder, J. A. H., Roelen, C. am, Koopmans, P. C., Moen, B. E., & Groothoff, J. W. (2010).
Effort-reward imbalance is associated with the frequency of sickness absence among female
hospital nurses: A cross-sectional study. International Journal of Nursing Studies, 47(5),
569-576. https://doi.org/10.1016/j.ijnurstu.2009.10.002

Selye, H. (1973). The Evolution of the Stress Concept: The originator of the concept traces its
development from the discovery in 1936 of the alarm reaction to modern therapeutic
applications of syntoxic and catatoxic hormones. American Scientist, 61(6), 692—699.

Shanafelt, T. D., Balch, C. M., Bechamps, G. J., Russell, T., Dyrbye, L., Satele, D., Collicott, P.,
Novotny, P. J., Sloan, J., & Freischlag, J. A. (2009). Burnout and career satisfaction among
American surgeons. Annals of Surgery, 250(3), 463-471.
https://doi.org/10.1097/SLA.0b013e3181ac4dfd

Shanafelt, T. D., Balch, C. M., Bechamps, G., Russell, T., Dyrbye, L., Satele, D., Collicott, P.,
Novotny, P. J., Sloan, J., & Freischlag, J. (2010). Burnout and medical errors among
American surgeons. Annals of Surgery, 251(06), 995-1000.
https://doi.org/10.1097/SLA.0b013e3181bfdab3

Shanafelt, T. D., Boone, S., Tan, L., Dyrbye, L. N., Sotile, W., Satele, D., West, C. P., Sloan, J., &
Oreskovich, M. R. (2012). Burnout and satisfaction with work-life balance among US
physicians relative to the general US population. Archives of Internal Medicine, 172(18),
1377-1385. https://doi.org/10.1001/archinternmed.2012.3199

Shanafelt, T. D., Gorringe, G., Menaker, R., Storz, K. A., Reeves, D., Buskirk, S. J., Sloan, J. A., &
Swensen, S. J. (2015). Impact of Organizational Leadership on Physician Burnout and
Satisfaction. Mayo Clinic Proceedings, 90(4), 432-440.
https://doi.org/10.1016/j.mayocp.2015.01.012

45



Shanafelt, T. D., & Noseworthy, J. H. (2017). Executive Leadership and Physician Well-being: Nine
Organizational Strategies to Promote Engagement and Reduce Burnout. Mayo Clinic
Proceedings, 92(1), 129-146. https://doi.org/10.1016/j.mayocp.2016.10.004

Siegrist, J. (1996). Adverse health effects of high-effort/low-reward conditions. Journal of
Occupational Health Psychology, 1(1), 27-41. https://doi.org/10.1037/1076-8998.1.1.27

Siegrist, J. (2012). Effort-reward imbalance at work: Theory, measurement and evidence.
Department of Medical Sociology, University Diisseldorf, Diisseldorf, 19.

Siegrist, J., & Klein, D. (1990). Occupational stress and cardiovascular reactivity in blue-collar
workers. Work & Stress, 4(4), 295-304. https://doi.org/10.1080/02678379008256992

Siegrist, J., Starke, D., Chandola, T., Godin, 1., Marmot, M [Michael], Niedhammer, I., & Peter, R.
(2004). The measurement of effort-reward imbalance at work: European comparisons.
Social Science & Medicine, 58(8), 1483—-1499. https://doi.org/10.1016/S0277-
9536(03)00351-4

Siegrist, J., Wege, N., Piihlhofer, F., & Wahrendorf, M. (2009). A short generic measure of work
stress in the era of globalization: Effort-reward imbalance. International Archives of
Occupational and Environmental Health, 82(8), 1005-1013.
https://doi.org/10.1007/s00420-008-0384-3

Sieverding, M., Schmidt, L. I., Obergfell, J., & Scheiter, F. (2013) [Study-related stress and
satisfaction in psychology students]. Psychologische Rundschau, 64(2), 94-100.
https://doi.org/10.1026/0033-3042/a000152

Skoluda, N., Dettenborn, L., Stalder, T., & Kirschbaum, C. (2012). Elevated hair cortisol
concentrations in endurance athletes. Psychoneuroendocrinology, 37(5), 611-617.
https://doi.org/10.1016/j.psyneuen.2011.09.001

Soder, E., Krkovic, K., & Lincoln, T. M. (2020). The relevance of chronic stress for the acute stress
reaction in people at elevated risk for psychosis. Psychoneuroendocrinology, 119, 104684.
https://doi.org/10.1016/j.psyneuen.2020.104684

Stalder, T., & Kirschbaum, C. (2012). Analysis of cortisol in hair — State of the art and future
directions. Brain, Behavior, and Immunity, 26(7), 1019-1029.
https://doi.org/10.1016/j.bbi.2012.02.002

Stalder, T., Steudte, S., Alexander, N., Miller, R., Gao, W., Dettenborn, L., & Kirschbaum, C.
(2012a). Cortisol in hair, body mass index and stress-related measures. Biological
Psychology, 90(3), 218-223. https://doi.org/10.1016/].biopsycho.2012.03.010

Stalder, T., Steudte, S., Miller, R., Skoluda, N., Dettenborn, L., & Kirschbaum, C. (2012b).
Intraindividual stability of hair cortisol concentrations. Psychoneuroendocrinology, 37(5),
602—-610. https://doi.org/10.1016/j.psyneuen.2011.08.007

Stalder, T., Steudte-Schmiedgen, S., Alexander, N., Klucken, T., Vater, A., Wichmann, S.,
Kirschbaum, C., & Miller, R. (2017). Stress-related and basic determinants of hair cortisol
in humans: A  meta-analysis.  Psychoneuroendocrinology, 77, 261-274.
https://doi.org/10.1016/j.psyneuen.2016.12.017

Stalder, T., Tietze, A., Steudte, S., Alexander, N., Dettenborn, L., & Kirschbaum, C. (2014).
Elevated hair cortisol levels in chronically stressed dementia caregivers.
Psychoneuroendocrinology, 47, 26-30. https://doi.org/10.1016/j.psyneuen.2014.04.021

Staufenbiel, S. M., Penninx, B. W. J. H., Spijker, A. T., Elzinga, B. M., & van Rossum, E. F. C.
(2013). Hair cortisol, stress exposure, and mental health in humans: A systematic review.
Psychoneuroendocrinology, 38(8), 1220-1235.
https://doi.org/10.1016/j.psyneuen.2012.11.015

Stetler, C. A., & Guinn, V. (2020). Cumulative cortisol exposure increases during the academic term:
Links to performance-related and social-evaluative stressors. Psychoneuroendocrinology,
114, 104584. https://doi.org/10.1016/j.psyneuen.2020.104584

Steudte-Schmiedgen, S., Stalder, T., Schonfeld, S., Wittchen, H.-U., Trautmann, S., Alexander, N.,
Miller, R., & Kirschbaum, C. (2015). Hair cortisol concentrations and cortisol stress

46



reactivity predict PTSD symptom increase after trauma exposure during military
deployment. Psychoneuroendocrinology, 59, 123-133.
https://doi.org/10.1016/j.psyneuen.2015.05.007

Stiawa, M., Peters, M., Mulfinger, N., Krumm, S., Worringer, B., Maatouk, 1., Kiillenberg, J. K.,
Junne, F., Genrich, M., Giindel, H., & Puschner, B. (2022). ,,Also Stress ist jeden Tag™ —
Ursachen und Bewiltigung von arbeitsbedingten Fehlbelastungen im Krankenhaus aus Sicht
der Beschiftigten. Eine qualitative Studie ["Stress Occurs Every Day" - Reasons for Work-
Related Burden in Hospitals and Coping of Staff. A Qualitative Study]. Psychiatrische
Praxis, 49(3), 128—137. https://doi.org/10.1055/a-1477-6000

Stuber, F., Seifried-Diibon, T., Rieger, M. A., Giindel, H., Ruhle, S., Zipfel, S., & Junne, F. (2021).
The effectiveness of health-oriented leadership interventions for the improvement of mental
health of employees in the health care sector: A systematic review. International Archives
of Occupational and Environmental Health, 94(2), 203-220.
https://doi.org/10.1007/s00420-020-01583-w

Tian-Ci Quek, T., Wai-San Tam, W., X. Tran, B., Zhang, M., Zhang, Z., Su-Hui Ho, C., & Chun-
Man Ho, R. (2019). The global prevalence of anxiety among medical students: a meta-
analysis. International Journal of Environmental Research and Public Health, 16(15), 2735.
https://doi.org/10.3390/ijerph16152735

Tuckey, M. R., Bakker, A. B., & Dollard, M. F. (2012). Empowering leaders optimize working
conditions for engagement: A multilevel study. Journal of Occupational Health Psychology,
17(1), 15-27. https://doi.org/10.1037/a0025942

Turner, A. I., Smyth, N., Hall, S.J., Torres, S.J., Hussein, M., Jayasinghe, S. U., Ball, K., &
Clow, A. J. (2020). Psychological stress reactivity and future health and disease outcomes:
A systematic review of prospective evidence. Psychoneuroendocrinology, 114, 104599.
https://doi.org/10.1016/j.psyneuen.2020.104599

Upton, J. (2013). Psychosocial Factors. In M. D. Gellman & J. R. Turner (Eds.), Encyclopedia of
Behavioral Medicine (pp. 1580—-1581). Springer New York. https://doi.org/10.1007/978-1-
4419-1005-9 422

van Dammen, L., Finseth, T. T., McCurdy, B. H., Barnett, N. P., Conrady, R. A., Leach, A. G.,
Deick, A. F., van Steenis, A. L., Gardner, R., Smith, B. L., Kay, A., & Shirtcliff, E. A.
(2022). Evoking stress reactivity in virtual reality: A systematic review and meta-analysis.
Neuroscience and Biobehavioral Reviews, 138, 104709.
https://doi.org/10.1016/j.neubiorev.2022.104709

van der Meij, L., Gubbels, N., Schaveling, J., Almela, M., & van Vugt, M. (2018). Hair cortisol and
work stress: Importance of workload and stress model (JDCS or ERI).
Psychoneuroendocrinology, 89, 78-85. https://doi.org/10.1016/j.psyneuen.2017.12.020

van Uum, S. H. M., Sauvé, B., Fraser, L. A., Morley-Forster, P., Paul, T. L., & Koren, G. (2008).
Elevated content of cortisol in hair of patients with severe chronic pain: A novel biomarker
for stress. Stress (Amsterdam, Netherlands), 11(6), 483-488.
https://doi.org/10.1080/10253890801887388

van Vegchel, N., Jonge, J. de, Meijer, T., & Hamers, J. P. (2001). Different effort constructs and
effort-reward imbalance: Effects on employee well-being in ancillary health care workers.
Journal of Advanced Nursing, 34(1), 128-136. https://doi.org/10.1046/j.1365-
2648.2001.3411726.x

Vanaelst, B., Vriendt, T. de, Huybrechts, 1., Rinaldi, S., & Henauw, S. de (2012). Epidemiological
approaches to measure childhood stress. Paediatric and Perinatal Epidemiology, 26(3),
280-297. https://doi.org/10.1111/j.1365-3016.2012.01258.x

Weber, J., Skodda, S., Muth, T., Angerer, P., & Loerbroks, A. (2019). Stressors and resources related
to academic studies and improvements suggested by medical students: A qualitative study.
BMC Medical Education, 19(1), 312. https://doi.org/10.1186/s12909-019-1747-z

47



Wege, N., Li, J., Muth, T., Angerer, P., & Siegrist, J. (2017). Student ERI: Psychometric properties
of a new brief measure of effort-reward imbalance among university students. Journal of
Psychosomatic Research, 94, 64—67. https://doi.org/10.1016/].jpsychores.2017.01.008

Wege, N., Muth, T., Li, J., & Angerer, P. (2016). Mental health among currently enrolled medical
students in Germany. Public Health, 132, 92-100.
https://doi.org/10.1016/j.puhe.2015.12.014

Weil}, E.-E., & Siil}, S. (2016). The relationship between transformational leadership and effort-
reward imbalance. Leadership & Organization Development Journal, 37(4), 450-466.
https://doi.org/10.1108/LODJ-08-2014-0146

Wekenborg, M. K., Dawans, B. von, Hill, L. K., Thayer, J. F., Penz, M., & Kirschbaum, C. (2019).
Examining reactivity patterns in burnout and other indicators of chronic stress.
Psychoneuroendocrinology, 106, 195-205. https://doi.org/10.1016/j.psyneuen.2019.04.002

Wells, S., Tremblay, P. F., Flynn, A., Russell, E., Kennedy, J., Rehm, J., van Uum, S., Koren, G., &
Graham, K. (2014). Associations of hair cortisol concentration with self-reported measures
of stress and mental health-related factors in a pooled database of diverse community
samples. Stress (Amsterdam, Netherlands), 17(4), 334-342.
https://doi.org/10.3109/10253890.2014.930432

Wennig, R. (2000). Potential problems with the interpretation of hair analysis results. Forensic
Science International, 107(1-3), 5-12. https://doi.org/10.1016/S0379-0738(99)00146-2

Weyers, S., Peter, R., Boggild, H., Jeppesen, H. J., & Siegrist, J. (2006). Psychosocial work stress is
associated with poor self-rated health in Danish nurses: A test of the effort-reward imbalance
model. Scandinavian Journal of  Caring  Sciences, 20(1), 26-34.
https://doi.org/10.1111/j.1471-6712.2006.00376.x

Wieclaw, J., Agerbo, E., Mortensen, P. B., & Bonde, J. P. (2006). Risk of affective and stress related
disorders among employees in human service professions. Occupational and Environmental
Medicine, 63(5), 314-319. https://doi.org/10.1136/0em.2004.019398

Williams, E. S., Manwell, L. B.,, Konrad, T.R., & Linzer, M. (2007). The relationship of
organizational culture, stress, satisfaction, and burnout with physician-reported error and
suboptimal patient care: Results from the MEMO study. Health Care Management Review,
32(3), 203-212. https://doi.org/10.1097/01.HMR.0000281626.28363.59

Wirtz, P. H., Ehlert, U., Kottwitz, M. U., La Marca, R., & Semmer, N. K. (2013). Occupational role
stress is associated with higher cortisol reactivity to acute stress. Journal of Occupational
Health Psychology, 18(2), 121.

Worringer, B., Genrich, M., Miiller, A., Giindel, H., Contributors, O. T. S. C., & Angerer, P.
(2020a). Hospital Medical and Nursing Managers' Perspective on the Mental Stressors of
Employees. International Journal of Environmental Research and Public Health, 17(14).
https://doi.org/10.3390/ijerph17145041

Worringer, B., Genrich, M., Miiller, A., Junne, F., Contributors, O. T. S. C., & Angerer, P. (2020b).
How Do Hospital Medical and Nursing Managers Perceive Work-Related Strain on Their
Employees? International Journal of Environmental Research and Public Health, 17(13),
4660. https://doi.org/10.3390/ijerph17134660

Wosu, A. C., Valdimarsdottir, U., Shields, A. E., Williams, D. R.,, & Williams, M. A. (2013).
Correlates of cortisol in human hair: Implications for epidemiologic studies on health effects
of  chronic stress. Annals of  Epidemiology, 23(12), 797-811.¢e2.
https://doi.org/10.1016/j.annepidem.2013.09.006

Ziankert, S., Bellingrath, S., Wiist, S., & Kudielka, B. M. (2019). Hpa axis responses to psychological
challenge linking stress and disease: What do we know on sources of intra- and
interindividual variability? Psychoneuroendocrinology, 103, 86-97.
https://doi.org/10.1016/j.psyneuen.2018.10.027

48





