Chapter 7

Psychobiological Pathways from Work Stress
to Reduced Health: Naturalistic

and Experimental Studies on the ERI Model

Silja Bellingrath and Brigitte M. Kudielka

7.1 Introduction

Stress at work and its negative impact on the health status of employees are major
problems for modern societies. According to statistics from the UK Health and
Safety Executive from 2006 to 2007, mental health problems especially stress,
depression and anxiety accounted for 46 % of days lost due to work-related illness,
thereby constituting the main cause of absences due to work-related illness (Cooper
2008). A wide body of epidemiological and prospective evidence has been accumu-
lated during the last decade, showing associations between psychosocial stress at
work and disease endpoints such as cardiovascular disease, the metabolic syndrome,
type 2 diabetes as well as psychiatric conditions (Kivimiki et al. 2006; Eller et al.
2009; Siegrist 2010, 2013; Angerer et al. 2014; Backe et al. 2012; Glozier et al.
2013; Liet al. 2013; Schmidt et al. 2015). The two organizational stress models that
inspired most of the above cited research activities over the last decade are the job-
demand-control model (Karasek and Theorell 1992) and the effort-reward-
imbalance model (Siegrist 2002; Siegrist and Peter 1996), which is the focus of the
present volume.

The model of effort-reward-imbalance, as already described in great detail in
previous chapters, postulates that the experience of a failed reciprocity between
high work-related costs and low occupational rewards leads to a state of emotional
distress, which can result in sustained strain reactions and consequently leads to
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adverse health effects and reduced well-being over time. Over-commitment (OC),
the intrinsic component of the ERI model (Siegrist 2002; Siegrist and Peter 1996),
is conceptualized as a motivational pattern of excessive work-related commitment
and a high need for approval, which is assumed to increase the risk of strain due to
unreciprocated exchange. Evidence has shown that ERI and OC impact on self-
rated health and well-being, health behaviors as well as physical diseases (Bosma
et al. 1998; Kivimiki et al. 2002; Tsutsumi and Kawakami 2004; van Vegchel et al.
2005; Siegrist 2005; Rugulies et al. 2009; Siegrist and Rodel 2006). To gain a deeper
understanding of the link between ERI/OC and health which is suggested by these
findings and in order to develop effective interventions to prevent health impair-
ments, a precise definition of the term stress as well as knowledge of potential
underlying psychobiological pathways are essential. Previous work has implicated
two main pathways through which stress can impact on physical health. On the one
hand stress can influence people’s health behavior, like smoking, choice of diet,
exercise or adherence to medical treatment and on the other hand stress can directly
initiate unfavorable alterations in different physiological systems, thereby increas-
ing an individual's vulnerability to a range of physical diseases. A review by Siegrist
and Rodel (2006), based on 46 studies measuring psychosocial work stress in terms
of the job-demand-control-model and the ERI model however found only moderate
support for the relationship between work stress and health behavior. Heavy alcohol
consumption among men, overweight as well as multiple co-occurring risk factors
showed the strongest associations with health behavior.

The present chapter will therefore review current results on the relationship
between ERI/OC and alterations in the regulation of the physiological stress response,
which has evolved as a highly adaptive reaction to ensure survival when an organism
is confronted with a physical or psychological challenge. The present chapter is
organized in three main sections. After a brief introduction on organizational stress
models as well as general conceptualizations of stress, the second section serves to
introduce McEwen’s Allostatic Load Model and gives an overview over main com-
ponents of the biological stress system, namely the sympatho-adrenal-medullary
(SAM) axis and the hypothalamus-pituitary-adrenal (HPA) axis. The third section
summarizes empirical findings that relate the effects of psychosocial work stress in
terms of effort-reward-imbalance and over-commitment to alterations in stress
related physiological systems, which increase the risk for a plethora of adverse health
outcomes. The chapter closes with an outlook emphasizing the potential of the theo-
retical framework of the effort-reward-imbalance model to shape stress prevention
programs in order to minimize health risks associated with work stress.

7.1.1 Brief History of the Stress Concept

Hans Selye, the father of modern stress research, first conceptualized stress as a
non-specific response of the body to non-specific biological, chemical, physical or
social challenges that were assumed to elicit a ‘general adaptation syndrome’ via
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the secretion of glucocorticoids (Selye 1950). Focusing primarily on the role of the
sympathetic nervous system in the response to emergency situations, Walter Cannon
in turn defined stress in terms of the stimulus required to elicit adrenomedullary
responses (Cannon 1914). He coined the term fight-flight response, describing the
responses to an acute threat. However, it soon became apparent that stress cannot be
defined solely by an organism’s physiological reaction. Mason (1975) was able to
demonstrate that specific situational and personal characteristics, such as novelty,
ambiguity or a person’s sense of control over a threatening challenge are a crucial
element in the stress process, triggering different autonomic and neuroendocrine
responses. It then became evident that stress responses varied according to the qual-
ity of the challenge and the availability of the person’s ability to cope with this chal-
lenge. In line with this notion, the transactional stress model of Lazarus and Folkman
(1984) emphasized the role of subjective appraisal processes as determinants of
emotional and physiological responses to the experience of a challenging situation.
They defined stress as the experience of a mismatch between the demands put on an
individual in a challenging situation and his or her abilities to cope. Finally, the
cognitive activation theory of stress (CATS) by Ursin and Eriksen (2004) offers a
comprehensive definition of stress, which distinguishes four aspects: input or stress
stimuli, the individual processing or the stress experience, the non-specific, general
stress response and finally the experience of the stress response. The stress response
is believed to serve as a general alarm in a homeostatic system and is therefore
described as an essential and necessary physiological response. The alarm elicits
specific coping behaviours, which are dependent on acquired expectancies of the
outcomes of stimuli and available responses.

7.2 From Allostasis to Allostatic Load

McEwen’s allostatic load model aims to outline a theoretical framework explaining
how chronic stress can lead to health impairments. It postulates that an organism
responds to challenge by initiating an allostatic response, a complex pathway for
adaptation and coping, and shuts off this response when the challenge has passed.
The term allostasis was originally introduced by Sterling and Eyer (1988) to describe
how the cardiovascular system adjusts to resting and active states of the body.
Allostasis depicts a fundamental physiological principle ‘maintaining stability
through change’: In order to maintain stability, an organism must vary all the param-
eters of its internal milieu and match them appropriately to environmental demands.
The effective coordination of allostatic responses depends on the brain’s evaluation
of threat (McEwen 2007; Herman et al. 2005) and subsequent physiological
responses, which are predefined by inter-individual differences in various factors
such as genetics, experiences (trauma, life events), coping styles or health behaviors
(Juster et al. 2010).
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7.2.1 Core Stress Systems Involved in Allostatic Responses

In case of challenge, the sympathetic—adrenal-medullary (SAM) axis initiates the
release of catecholamines (adrenaline and noradrenaline) and the hypothalamic—
pituitary—adrenal (HPA) axis secretes glucocorticoids that mobilize energy neces-
sary for fight-or-flight responses (Sapolsky et al. 2000). The SAM axis functions as
a global alarm system and is comprised of two pathways. The neural pathway of the
SAM axis is characterized by the innervation of effector organs by noradrenergic
synapses, whereas the endocrine pathway describes the release of catecholamines
by the adrenal glands. Circulating catecholamines stimulate effector organs via
adrenergic receptors. These receptors are exemplary transmembrane proteins that,
through coupling with G-proteins, stimulate or inhibit intracellular signalling path-
ways. Catecholamine secretion leads to a rapid mobilisation of energy stores
(through increased supply of free fatty acids and glucose by glycogenolysis and
lipolysis) as well as a down-regulation of less important organ functions (e.g. gas-
trointestinal tract and reproductive systems). Furthermore, catecholamines have a
substantial impact on cardiovascular functioning during stress, increasing heart rate,
cardiac output, and blood pressure (Kudielka and Kirschbaum 2007). Noradrenaline
also activates the amygdala, the principal brain locus for fear-related behaviours,
and enhances the long-term storage of emotional memories in the hippocampus and
striatum (Tsigos and Chrousos 2002).

The HPA axis serves as a central control system of an organism, connecting the
central nervous system (CNS) with the endocrine system. The HPA axis is vital for
the support of normal physiological functioning and enables the organism to main-
tain homeostasis under acute stress. In the face of challenge, neural stimulation of
the hypothalamic paraventricular nucleus of the hypothalamus (PVN) leads to the
release of corticotropin-releasing hormone (CRH). After its release into the hypoph-
yseal portal system, CRH initiates the cleavage of pro-opiomelanocortin (POMC)
into adrenocorticotropin (ACTH), beta-endorphin, and other peptides and their sub-
sequent release from the anterior pituitary gland. The primary target of ACTH is the
adrenal cortex, where it triggers the secretion of glucocorticoids (GCs) and adrenal
androgens from the zonae fasciculata and reticularis (Chrousos and Gold 1992).
GCs have a wide range of physiological effects. In order to adapt to the increased
metabolic demands under acute stress, GCs enhance circulating levels of energy
substrates like glucose, free amino acids and free fatty acids, thereby amplifying
catabolic processes whilst simultaneously suppressing anabolic processes. This is
achieved through their action on a number of enzyme systems in the liver, muscles
and fat. In the liver for example GCs enhance gluconeogenesis. Additionally, GCs
may increase circulating free fatty acids by inhibiting lipoprotein lipase, initiating
lipolysis and mobilising free fatty acids from fat depots (Chrousos and Gold 1992;
McEwen 2003). Finally, GCs temporarily dampen immune system activity and pro-
cesses involved in reproduction and cellular growth, thereby ensuring access to
resources essential for coping with challenge.
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However, GCs also play a key role in the termination of the stress response, pre-
venting it from being pathologically over-activated (Chrousos and Gold 1992;
Herman et al. 2003). Additionally, GCs have important regulatory effects on the
cardiovascular system, the regulation of fluid volume and response to haemorrhage
as well as on behaviour, appetite control and affective and cognitive processes, like
learning and memory (McEwen 2003). The HPA axis is regulated by the negative
feedback action of cortisol on receptors in the hippocampus, hypothalamus and
pituitary gland. This feedback loop suppresses the secretion of CRH, ACTH and
cortisol itself. In humans, the typical cortisol secretion follows a distinct circadian
rhythm, with a marked increase (about 50-100 %) during the first hour after morn-
ing awakening in the majority of people (Dockray et al. 2008; Wiist et al. 2000) and
decreasing levels over the remaining day. Pruessner and colleagues (1997) first sug-
gested that this rise in cortisol after awakening might represent a useful index of
adrenocortical activity. In a highly controlled study under sleep laboratory condi-
tions, Wilhelm and co-workers (2007) showed that this elevation in cortisol is a
genuine response to awakening, as the transition from sleep to the waking state was
found to be a prerequisite for the cortisol awakening rise (CAR) to occur. Very
recently, expert consensus guidelines for the assessment of the cortisol awakening
response have been established (Stalder et al. 2016).

7.2.2 Allostatic Overload

As long as these allostatic responses are limited to the period of challenge, adapta-
tion and thus protection is ensured. However, the same processes that are adaptive
under acute stress conditions, may ultimately promote disease development when
occurring chronically (Tsigos and Chrousos 2002; McEwen 2007; Chrousos and
Gold 1992). Thus, if allostatic responses are sustained over months and years, the
individual reaches the state of allostatic load (AL). Chronic over-activity or inactiv-
ity of physiological systems that are involved in the adaptation to environmental
challenge result in a wear-and-tear on the body and brain (McEwen 1998b). Four
scenarios have been proposed, eventually leading to AL. The first is frequent stress.
In especially susceptible individuals, for example, repeated blood pressure surges
can trigger myocardial infarctions. Secondly, AL can be caused by a failure to habit-
uate to repeated challenges, leading to the over-exposure to stress mediators. An
example for this type of AL is the finding that a minority of subjects fail to habituate
to repeated exposures to psychosocial laboratory stress and continue to show high
cortisol responses (Wiist et al. 2005). The third origin of AL is the inability to shut
off allostatic responses, which could be reflected in a lack of recovery of blood pres-
sure after a mental stressor, leading to the development of atherosclerosis due to
hypertension. The fourth scenario is conceptualized as an inadequate allostatic
response in one allostatic system, that gives rise to compensatory increases in other
allostatic systems. An inadequate hormonal stress response for example allows
inflammatory cytokines to become overactive (McEwen 1998a).
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To sum up, AL captures the cumulative physiological burden exacted on the
body through repeated attempts of adaptation, by postulating a sequential and recip-
rocal chain of dysregulation in multiple systemic mediators. Stress hormones (cor-
tisol, dehydroepiandrosterone-sulfate (DHEA-S), adrenaline and noradrenaline) in
combination with pro- and anti-inflammatory cytokines (such as interleukin-6 or
tumor necrosis factor-a) are termed primary mediators (McEwen 2003), as the pro-
longed secretion of the stress hormones might damage the brain and body (McEwen
2006). Secondary outcomes are changes in metabolic (such as blood lipids (total
cholesterol, high density lipoprotein cholesterol, triglycerides), visceral fat, insulin,
glucose and glycosylated haemoglobin (HbA1c)), cardiovascular (systolic and dia-
stolic blood pressure), immune (c-reactive protein (CRP)) and coagulation (fibrino-
gen, D-dimer) parameters on a sub-clinical level, as a result of the compensation for
over and/or under production of primary mediators. Allostatic overload is finally
reached when physiological dysregulation leads to manifested disease endpoints,
referred to as tertiary outcomes.

7.3 The Relationship Between ERI and Health Mediators:
Findings from Naturalistic and Experimental Studies

In the remaining part of this chapter, naturalistic studies on the relationship between
ERI/OC and physiological stress markers will be reviewed according to the above
described taxonomy proposed by McEwen.

7.3.1 Findings on Primary Mediators

7.3.1.1 Cortisol

To-date, at least a handful of studies have investigated associations between compo-
nents of the ERI/OC model and HPA axis functioning. Most of these studies focused
on basal cortisol regulation with only very few studies investigating HPA axis reac-
tivity by the use of psychological stress tasks or pharmacological stimulation proce-
dures (for review see Chandola et al. 2010). Results on basal cortisol measures in
relation to ERI/OC are mixed. Several studies could not demonstrate significant
associations between ERI/OC and the CAR or cortisol profiles across the day
(Hanson et al. 2000; Harris et al. 2007; Bellingrath et al. 2008; Ota et al. 2014).
However, other studies report on a higher CAR or higher cortisol day concentrations
in relation to some ERI/OC components (Steptoe et al. 2004; Eller et al. 20006,
2011a, 2012; Almadi et al. 2013; Wright 2011; Maina et al. 2009; Marchand et al.
2015). In accordance with these latter studies, Qi et al. (2014) recently observed a
significant positive association between the ERI-ratio and cortisol concentrations in
hair, as a recently introduced measure of long-term accumulated cortisol
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concentration. Though, most of the observed associations could only be found in
men (Steptoe et al. 2004; Eller et al. 2006, 2011a, 2012), in respective subpopula-
tions (Maina et al. 2009), for the ERI-ratio OR a subcomponent (like effort, reward
or over-commitment) but not both (Steptoe et al. 2004; Wright 2011). Only one
study reported on a lower CAR as well as lower diurnal secretory activity in indi-
viduals scoring higher on ERI (Maina et al. 2009) and in the SALVEO study OC
was related to increased awakening cortisol levels and decreased afternoon and bed-
time cortisol (Marchand et al. 2015).

Other studies further raise the idea that ERI/OC might not be associated with
generally higher versus lower cortisol day activity but with flatter circadian profiles
(Karlson et al. 2011; Liao et al. 2013). Typically, such studies are based on small- to
medium-sized samples (N=~50-200 subjects). Only Liao et al. (2013) could ana-
lyze a large occupational cohort of N=2,126 study participants derived from the
Whitehall II study. They observed that higher ERI (and lower reward) related to a
flatter slope in cortisol across the day. Most importantly, they report that effect sizes
for significant findings were relatively small. This could be one major reason why
the results picture so far is relatively mixed. However, other reasons for the, in part,
inconsistent results could be the heterogeneous occupational study cohorts hamper-
ing generalizability across study samples, differences in the saliva sampling proto-
cols, as well as use of different versions of the ERI/OC measure.

In an own study, we aimed at additionally investigating HPA axis negative feed-
back sensitivity as part of basal HPA axis functioning (Bellingrath et al. 2008).
Besides cortisol day profiles across work and leisure days (see above), saliva sam-
ples were collected after pre-medication with 0.25 mg of the synthetic glucocorti-
coid dexamethasone the night before sampling. After DEX administration (only)
lower reward from work was significantly related to stronger cortisol suppression.
This finding raises the idea of a subtle dysregulation of the HPA axis manifested as
heightened negative feedback functioning, even though all subjects were working
and in a good health condition. Finally, very few studies investigated HPA axis
responsivity to stress. Three of these studies applied a psychological stress task to
provoke HPA axis responses. All three studies point to a reduced HPA axis respon-
sivity. While Siegrist et al. (1997) observed a dampened cortisol stress response
applying the Stroop task in relation to high ERI, in two studies using the Trier Social
Stress Test (TSST), Wirtz et al. (2008) observed reduced salivary cortisol responses
in healthy men and, in an own study, we observed HPA axis hyporeactivity in over-
committed teachers (Bellingrath and Kudielka 2008). Finally, two studies applied
the combined DEX-CRH-stimulation test. Wirtz et al. (2010) observed unaltered
ACTH but enhanced cortisol responses in overcommitted healthy men and women.
This pattern of results was interpreted as heightened reactivity of the adrenal cortex
but normal reactivity of the anterior pituitary in overcommitted individuals.
However, in an own study applying the DEX-CRH-test as well as the Synacthen-
test (ACTH,_,4-test), we could not find any indication for increased adrenal cortex
sensitivity in subjects with higher OC by stimulation of the cortex with synthetic
ACTH (Wolfram et al. 2013). At the same time, we observed hyporeactive pituitary
as well as adrenal cortex responses to the DEX-CRH-test as reflected in reduced
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ACTH, total plasma, and free salivary cortisol concentrations in overcommitted
teachers.

We hypothesize that such an attenuated HPA axis response is not solely of pitu-
itary and adrenal origin but also likely involves central mechanisms. This interpreta-
tion would also be in line with the above reported studies based on psychological
stress provocation (Siegrist et al. 1997; Wirtz et al. 2008; Bellingrath and Kudielka
2008). In sum, while studies on basal HPA axis functioning are relatively mixed
pointing to no or at least only modest alterations in circadian cortisol regulation,
studies on HPA axis responsivity appear to be more consistent raising the idea of
HPA axis hyporeactivity, especially related to the component over-commitment.
Reasons for inconsistencies could be methodological differences between studies
(see above) or some underpowered studies acknowledging the finding that underly-
ing effect sizes might be relatively small. It is also possible that robust effects are
only observable when the system is challenged (compare Seeman and Robbins
1994). Besides this, it is reasonable to assume that HPA axis regulation might
change over time when human beings are exposed to chronic work stress. According
to a time-course (Hellhammer and Wade 1993) or two-stage model (Siegrist et al.
1997), a state of chronic work stress like in the early stage of effort-reward-
imbalance (characterized by hyperactivity of the HPA axis) could, in the long run,
lead to a hypocortisolemic or hyporeactive state as result of a functional adaptation
to excessive exposure to stress hormones. The development and progression of
hypocortisolism may be due to reduced biosynthesis or depletion at several levels of
HPA axis (CRH, ACTH, cortisol), CRH hypersecretion and adaptive down-regula-
tion of pituitary CRH receptors or changes in receptor sensitivity, increased feed-
back sensitivity of the HPA axis, and morphological changes (Heim et al. 2000).
Consequently, such changes over time could then blur results pattern and hyper- and
hypocortisolemic effects in individuals could cancel each other out in group
analysis.

7.3.1.2 Catecholamines

Although studies on psychosocial work place stressors and catecholamine excretion
exist (for review see Chandola et al. 2010; Hansen et al. 2009), there is still a paucity
of data reporting associations between components of the ERI/OC model and
adrenaline/noradrenaline concentrations. In a study on various physiological param-
eters in the framework of allostatic load (see below), we could not find any relation-
ship between ERI/OC and catecholamine levels as measured in overnight urine of
schoolteachers. A subsample of these teachers was re-invited to the lab to perform
a stress task. Here, we observed marginally higher noradrenaline concentrations
(p=0.06) across the session in subjects with higher versus lower over commitment
scores (von Kinel et al. 2009). However, in another study a somewhat contrasting
result was reported. Wirtz et al. (2008) observed that higher OC was significantly
associated with lower pre-stress baseline levels of noradrenaline. Two studies are
available that report on catecholamine responses to acute psychological stress, both
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pointing to reduced responsivity. Siegrist et al. (1997) observed reduced adrenaline
responses to the Stroop task in relation to ERI and Wirtz et al. (2008) found sup-
pressed noradrenaline responses in high versus low overcommitted subjects when
exposed to the Trier Social Stress Test (TSST). Considering the scarce evidence so
far, a final conclusion on catecholamine concentrations under basal conditions as
well as in response to stress in respect to ERI/OC appears not advisable.

7.3.1.3 Inflammatory Cytokines

Although a number of studies have been published that aimed to investigate poten-
tial associations between the ERI/OC model and immune functions, studies that
focus explicitly on inflammatory cytokines in terms of primary mediators are still
rare. The term cytokine refers to a broad group of small proteins that play an impor-
tant role in the communication and interaction between cells. They act in concert
with specific cytokine receptors as well as cytokine inhibitors in order to regulate
the human immune response, for example by modulating the balance between
humoral and cellular immunity. Franke and colleagues (2010) compared job-related
stress in terms of ERI and a set of pro- and anti-inflammatory mediators in a sample
of law enforcement officers and a healthy control group. Law enforcement officers
showed significantly elevated levels of ERI compared to the control group, mainly
due to elevated effort. They also showed approximately two to three times higher
levels of interleukin (IL)-1p, IL-6 and tumor-necrosis-factor (TNF)-a. No differ-
ence between the two groups was observed with respect to the anti-inflammatory
cytokine IL-4, whereas IL-10 levels were significantly lower in the law enforcement
officers. However, regression analyses revealed that less than 4 % of the variance in
any of the inflammatory markers was explained by job-related stress, suggesting a
different mechanism that explains the increased CVD risk in law enforcement offi-
cers, due to a pro-inflammatory state. Bellingrath et al. (2010) measured phytohe-
magglutinin (PHA)-stimulated lymphocyte production of TNF-a, interferon
(IFN)-y, IL-2, IL-4, IL-6 and IL-10, before and after an acute laboratory stressor in
55 healthy individuals. Subjects with higher levels of ERI showed an overall
increase in pro-inflammatory activity, with higher TNF-a production at both time
points and elevated pre-stress IL-6 production. Additionally, the production of
IL-10 decreased after stress in subjects with higher levels of ERI, suggesting an
impaired anti-inflammatory break, which could increase the risk of chronic low-
grade inflammation.

Furthermore, in a second study changes in lipopolysaccharide (LPS)-induced
IL-6 production and inhibition of IL-6 production by dexamethasone in reaction
acute psychosocial stress were assessed in 46 healthy schoolteachers (Bellingrath
et al. 2013). Higher ERI was associated with an increase in pro-inflammatory poten-
tial, reflected in elevated IL-6 production before and after stress and with a lower
capacity of dexamethasone to suppress IL-6 production in vitro over all measure-
ment time points (GC sensitivity), suggesting a less effective anti-inflammatory
regulation by glucocorticoids in relation to ERI. Already, earlier research has
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demonstrated that clinical depression is associated with a diminished sensitivity to
the anti-inflammatory properties of glucocorticoid hormones, possibly due to ele-
vated resting levels of cortisol (Miller et al. 2005). As high levels of ERI have been
established to be a risk factor for the development of depression it can be specu-
lated, that reduced glucocorticoid sensitivity might help to explain how chronic
work stress can lead to disease. To conclude, there appears to be preliminary evi-
dence for an association between chronic work stress and a pro-inflammatory state.
Due to the small number of studies however a final conclusion seems to be
premature.

7.3.2 Findings on Secondary Outcomes
7.3.2.1 Body Weight (BMI) and Blood Lipids

It can be hypothesized that adverse body composition might be related to stressful
working conditions. Indeed, epidemiological, longitudinal and cross-sectional stud-
ies revealed some evidence for positive, but weak, associations between compo-
nents of the ERI/OC model and body mass index (BMI) (Kouvonen et al. 2005;
Ostry et al. 2006; Berset et al. 2011). It is assumed that the underlying pathways
behind a stress — weight gain — relationship are unhealthy eating habits and/or a
sedentary behavioral life style. Interestingly, these relatively weak, or only margin-
ally significant, associations might be explained by a bidirectional effect. Data from
the Whitehall II prospective cohort study, for example, point to the idea that work
strain might further increase body weight in obese men while body weight is
decreased in thin men (Kiviméki et al. 2006). Indeed, in line with this reasoning,
Takaki et al. (2010) found that ERI is more positively associated with over-eating in
men with higher BMIs. There also exist, at least, a handful of studies that investi-
gated blood lipids in order to measure established metabolic risk factors for CHD in
relation to chronic work stress.

Thus, such studies capture relevant criteria for the so-called metabolic syndrome
(MetS) which is defined by five CVD risk factors, namely obesity, elevated blood
pressure (hypertension), high triglycerides, low high-density lipoprotein cholesterol
(HDL), and impaired glucose tolerance (hyperglycemia). The MetS is considered a
highly potential mechanism linking chronic job stress with incidence of CHD. The
majority of the larger studies (for example from the WOLF or the SHISO study)
report on unfavorable lipid profiles in relation to components of the ERI/OC model
(Xu et al. 2011; Peter et al. 1998b; Irie et al. 2004; Siegrist et al. 1997), though
contradictory findings are also available (Vrijkotte et al. 1999; Soderberg et al.
2012). Three further recent cross-sectional occupational studies on a sample of radi-
ologists, in Korean blue-collar workers and in different occupational groups derived
from the Mannheim Industrial Cohort Study (MICS) confirm that ERI is related to
a significant higher risk of being affected by the metabolic syndrome (Schmidt et al.
2015; Magnavita and Fileni 2014; Hwang and Lee 2014). However, the referenced
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studies also point to the fact that such associations might be more prevalent in men
compared to women as, for example, observed in the Mannheim Industrial Cohort
Study (MICS). In this respect, it should also be of note that most of the studied
samples are predominantly (or even solely) male and in some studies results in
women are actually in the opposing direction (Soderberg et al. 2012; Hwang and
Lee 2014). In sum, there appears to be clear evidence for an association between
chronic work stress and unfavorable metabolic factors in men, though, it remains
somewhat unclear if these associations are comparably valid for women.

7.3.2.2 HbAlc

Since haemoglobin Alc (HbAlc) reflects serum-glucose concentrations retrospec-
tively over the past 4-5 weeks, this parameter has been established as screening
marker for diabetes mellitus. To date, available studies on the relationship between
elevated HbAlc in serum (in percent of total haemoglobin) on the one hand and
adverse psychosocial working environment on the other appears relatively consis-
tent. Several cross-sectional as well as longitudinal studies, including one
population-based study, reported increased HbA 1c in relation to a negative psycho-
social working environment (reviewed in Hansen et al. 2009). So far, studies focus-
ing on ERI/OC and glycemic control are rare. However, we identified at least three
studies. All three studies reported at minimum on partially significant associations
between chronic work stress and glycosylated haemoglobin (HbAlc) or incidence
of diabetes. In a prospective cohort study of 10.308 civil servants aged 35-55 years
at baseline, Kumari et al. (2004) observed that in men ERI was related to incidence
of diabetes across four follow-up phases (total time span >10 years). Accordingly,
Li et al. (2013) observed that higher ERI is related to (pre)diabetes status (verified
by HbAlc, fasting plasma glucose and supplementary self-reports) in men while
associations in women were weaker and remained non-significant (total N=2.674,
77 % male). In a Chinese population (N=680 subjects) from the SHISO study
(Stress and Health in Shenzhen Workers), ERI was positively related with HbAlc in
women but not men. Finally, Virtanen et al. (2012) tested whether ERI in medical
staff is associated with glycemic control among their diabetes patients, though, they
could not confirm this transfer effect. However, perceptions of higher levels of pro-
cedural justice among medical staff were associated with better glycemic control in
patients. In sum, there exists evidence linking chronic work stress in terms of ERI
with HbA 1c and incidence of diabetes mellitus.

7.3.2.3 Blood Pressure

A growing body of research has investigated associations between psychosocial
work factors in terms of ERI/OC and elevated blood pressure as one of the most
critical risk factors for the development of CVD. ERI as well as OC have both been
related to BP levels and hypertension, however results for ERI seem to be more
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consistent. In an early investigation by Peter et al. (1998b) only ERI but not OC was
associated with hypertension in male but not female participants. Similarly, Vrijkotte
and colleagues found (2000) ERI but not OC to be related to ambulatory systolic
blood pressure over the workday in male white-collar workers. Steptoe et al. (2004),
on the contrary reported higher ambulatory systolic BP levels among men in rela-
tion to OC. No significant effects were found for women.

Whether ERI prospectively predicts BP elevation was so far only investigated in
one study using ambulatory BP measures (Gilbert-Ouimet et al. 2012). Significant
effects of ERI on BP levels and hypertension were only observed in female partici-
pants over a follow-up of 3 years. Women younger than 45 years of age, which had
high ERI levels at both measurement time points showed significantly higher BP
means at follow-up. Women with high ERI levels at both measurement time points
and older than 45 years of age on the other hand, showed an increased cumulative
incidence of hypertension compared to those with low ERI scores. In a recent
review, Gilbert-Ouimet and colleagues (2014) summarized the results of 74 studies
that investigated adverse effects of work stress in terms of the demand-control-
support (DCS) (64 studies) and the ERI- model (12 studies) on BP and hyperten-
sion. The majority of the studies reported significant deleterious effects of work
stress on BP outcomes (Peter and Siegrist 1997; Gilbert-Ouimet et al. 2012; Yu
et al. 2008; Maina et al. 2011; Peter et al. 1998a; Vrijkotte et al. 2000; Xu et al.
2004). Adverse effects on BP levels or hypertension risk were observed more con-
sistently with respect to ERI compared to OC. It is furthermore noteworthy that
overall the adverse effects of ERI/OC were shown to be less contradictory in men
than in women (Gilbert-Ouimet et al. 2014). In sum, the evidence points to a link
between psychosocial work stress in terms of ERI and BP elevations especially in
men.

7.3.2.4 Heart Rate and Heart Rate Variability

Heart rate (HR), HR reactivity and HR variability (HRV) are established indicators
of a stress-related activation of the autonomic nervous system (ANS) (Task Force
1996) and have been shown to be independent risk factors for the development of
CVD. Under normal conditions, the two branches of the ANS — the sympathetic
system, responsible for energy mobilization, and the parasympathetic system, asso-
ciated with vegetative and restorative functions, are in dynamic balance. However,
the activity of the two branches can rapidly change in order to flexibly adapt to
environmental demands (Thayer et al. 2010, 2012). Persisting autonomic imbal-
ance, in terms of a hyperactive sympathetic system and a hypoactive parasympa-
thetic system, has been linked to a lack of flexibility and to pathological conditions
(Malliani et al. 1994). Low HRV is indicative of sympathetic predominance and a
decreased vagal tone and has been repeatedly associated with stress vulnerability
(Porges 1992), difficulties in emotion regulation (Souza et al. 2007), stress at work
(Chandola et al. 2010) as well as adverse health outcomes such as CVD (Thayer
et al. 2010). A recent review by Jarczok and colleagues (2013) including 19 studies
summarized the accumulated findings on the relationship between psychosocial
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workplace characteristics and HRV, showing that a decreased vagally-mediated
HRYV is indicative of adverse health profiles. Work stress was operationalized in
terms of ERI in seven of the reviewed studies. ERI was significantly related to indi-
cators of decreased vagal tone in four studies (Hanson et al. 2001; Hintsanen et al.
2007; Loerbroks et al. 2010; Uusitalo et al. 2011) and to decreased mixed sympa-
thetic and parasympathetic indicators in three studies (Uusitalo et al. 2011; Eller
etal. 2011a, b). Garza et al. (2014) recently assessed whether not only ERI but also
OC are associated with greater decreases in HRV across a 2-h working period in 91
office workers. The results indicated that higher levels of ERI and OC are associated
with a greater decrease in HRV throughout the measurement period.

Loerbroks and colleagues (2010) aimed to determine whether age might modify
potential associations between work stress and HRV indicators. ERI was only
related to HRV in employees aged 35—44. This finding was explained by age-
dependent HRV declines on the one hand as well as a potentially increased suscep-
tibility among those aged 35-44 due to stressors in the work life (i.e. advancing the
career) in combination with stressors in private life (marriage, birth of children),
which are characteristic for this age group.

Modifying effects of gender became apparent in a number of studies. Performing
a gender stratified analysis, Eller et al. (2011a) found significant associations
between high levels of ERI to be associated with low HRV only in women. Similarly,
Hintsanen et al. (2007) reported an inverse association between ERI and HRV in
women, but not in men. Furthermore, in a second study by Eller et al. (2011b) lower
HRYV in terms of total power was only found in men experiencing higher levels of
ERI at work. Interestingly, a status by ERI interaction could be observed. Men with
a higher social status and higher ERI levels had an increased HRV compared to men
with a lower status and higher ERI. Vrijkotte et al. (2000) investigated vagal tone as
well as HR reactivity in relation to ERI/OC in a sample of male white-collar work-
ers on two workdays and one leisure-day. A trend was observed for the high ERI
group to have lower vagal tone during all measurement periods. Additionally, a
selective increase in HR during work and leisure time after work was observed in
subjects with higher levels of ERI, whereas no alterations in HR were found during
sleep and during the leisure-day. No significant effects of OC were found with
respect to HR or vagal tone.

Finally, Falk et al. (2011) used an experimental design to analyze how percep-
tions of unreciprocated exchange in a work situation, which is the basic notion of
the ERI model, relate to HRV. In a so-called principal agent experiment agents were
asked to work on a tedious task, thereby producing revenue. Principals finally
decided how to share this revenue between themselves and their agents. Falk and
colleagues could show that if an agent received less reward than expected, thus
considered the wage too low and thus unfair, a significantly impaired cardiac auto-
nomic control was observed. These results suggest that the repeated perception of
unfair exchange at work might affect health outcomes in the long run. To summa-
rize, the available evidence suggests that work stress in particularly in terms of ERI
is associated with a lower HRV and this relationship between ERI and HRV is
modulated by age and gender.
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7.3.2.5 Blood Coagulation Markers

There is relatively clear evidence from population-based studies that an adverse
psychosocial working environment is related to unfavorable coagulation markers
like fibrinogen (for review see Hansen et al. 2009). Findings on the association
between ERI/OC and parameters of the fibrinolytic and coagulation system are yet
relatively scarce. However, although the available studies differ markedly in study
samples, sample sizes, analyzed hemostatic markers and result patterns, the major-
ity of studies, at least in parts, supports the assumption that chronic stress at work in
terms of ERI/OC is associated with unfavorable changes in the blood coagulation
system. For example, elevated fibrinogen levels have been related to ERI/OC in dif-
ferent samples (Siegrist et al. 1997; Xu et al. 2012). Though, other studies from
different European countries could not confirm this relationship in medium-sized
samples (Vrijkotte et al. 1999; Bellingrath et al. 2009) or even in a large cross-
sectional sample of the WOLF (work, lipids, fibrinogen) study comprised of 3,427
men and women (Peter et al. 1998a). Beside fibrinogen, Vrijkotte and coworkers
(1999) measured tissue-type plasminogen activator activity, tissue-type plasmino-
gen activator tPA antigen, and type 1 plasminogen activator inhibitor antigen PAI-1
and found evidence for an impaired fibrinolytic system associated with over-
commitment on their three measurement occasions. In a study by Irie et al. (2004),
it was reported that ERI/OC is positively related to hematological values (e.g. red
blood cells, hemoglobin, hematocrit). Beside these studies on basal measures, in an
own study we investigated if chronic work stress might be reflected in an exagger-
ated pro-coagulant stress response (von Kinel et al. 2009). We measured ERI/OC in
schoolteachers at study entry and, after a mean follow-up of 21 +4 months when
subjects returned to the lab for the stress testing. During recovery from acute stress,
OC correlated with D-dimer increase and smaller fibrinogen decease. In sum, we
found evidence that OC, but not ERI, is associated with a hypercoagulable state in
response to acute psychosocial stress, particularly during the recovery period.

7.3.2.6 Immune System Mediators

Only a few studies so far assessed potential associations between ERI/OC and dif-
ferent immune cell populations. Bosch et al. (2009) were the first to examine the
potential influence of ERI/OC on immunosenescence. To assess two components of
an aging immune risk phenotype, the number and proportion of late-differentiated
(CD27-CD28-) CD8 T cells (CTLs) as well as the CD4:CD8 ratio were measured
in 537 factory workers. Lower reward and higher ERI were associated with a sig-
nificantly lower CD4:CDS8 ratio. Furthermore, higher overall levels of psychosocial
work stress were associated with increased numbers in CD27-CD28-CTLs. These
results suggest that psychosocial work stress may contribute to immunological
aging. In an own study we investigated lymphocyte subset counts before and after
acute stress in 55 healthy schoolteachers. High levels of ERI and OC were associ-
ated with lower numbers of natural killer (NK) cells (CD16+/56+) whereas only
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high levels of OC were related to a lower increase in T-helper cells (CD4+) after
stress, suggesting a dampened innate immune defense in relation to ERI/OC
(Bellingrath et al. 2010). In line with this, Nakata and colleagues (2011) found NK
cells to be significantly associated with ERI but only in male participants. Also,
effort and reward but not OC were related to NK cells numbers. Finally, higher
levels of reward were positively associated with NK cell cytotoxicity and inversely
associated with B cells.

Secretory immunoglobulin A (sIgA), which can be found abundantly in saliva, is
considered to be the best marker for mucosal immunity. SIgA acts as the first line of
innate immune defense by preventing viral pathogens, which are mainly responsible
for upper respiratory tract infections, entering the body via mucosal tissue. The
relationship of mucosal immunity with the general immune defense, however, is not
entirely clear and overall findings on the effects of stress on the sIgA response are
contradictory so far. Bathman et al. (2013) observed significant associations between
ERI and OC and sIgA in a sample of male dairy farmers (N=66). In simple regres-
sions where efforts, rewards and OC were entered as singular predictors of sIgA
concentration, all components of the ERI model were significantly related to
sIgA. Furthermore, Wright (2011) found effort and reward, entered together in lin-
ear regression analysis, to predict sIgA levels in a medium-sized sample of disabil-
ity workers.

The association between pro-inflammatory biomarkers and CVD as well as met-
abolic syndrome has been shown in numerous studies during the past decade.
Especially (high sensitivity) C-reactive protein (CRP), indicating not only acute
inflammatory processes but also chronic low grade-inflammation, has been estab-
lished to be an independent predictor for coronary artery disease (Danesh et al.
2004). In two studies, Almadi and colleagues (2012, 2013) investigated associations
between ERI and CRP in male Jordanian employees. In the first study, ERI was
shown to account for 5 % of the variability in CRP levels, when only the centrally
obese subjects were considered and secondly, the odds of suffering from metabolic
syndrome were observed to be significantly higher in centrally obese men with both
higher ERI scores and higher CRP levels. Similarly, Xu et al. (2015) reported ERI
to be positively related to hsCRP and reward to be inversely related to hsCRP in a
sample of Chinese workers. Bellingrath et al. (2009) however did not observe a
relationship between ERI and CRP levels in a solely female sample of German
schoolteachers (N=104). In line with this, Hamer and colleagues (2006) found no
relationship between ERI and circulating levels of hsCRP in a sample of middle-
aged healthy men. Subjects with higher levels of ERI however exhibited a signifi-
cantly stronger increase in hsCRP in response to acute laboratory stress (speech task
and mirror tracing) after adjustment for age, BMI, and baseline CRP levels. To sum
up, ERI has repeatedly been associated with alterations in immune system function-
ing, ranging from a dampened innate immune defense, increased risk for
immunosenescence as well as chronic low-grade inflammation. However, due to the
variety of immunological biomarkers that have been implicated in the studies so far,
general conclusions seem to be premature.
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7.3.2.7 Oxidative Stress

Recently, researchers raised the idea that oxidative stress might be one possible
pathway linking job stress with coronary heart disease since a critical amount of
reactive oxygen species (ROS) can lead to oxidative DNA damage. Research on this
topic is still extremely scarce. However, one study by Takaki (2013) points to a
significant positive relationship between ERI-ratio in men (but not women) and
urinary H,O, (hydrogen peroxide), though, other studies did not observe significant
associations between the ERI-model and other biomarkers of oxidative DNA dam-
age, like 8-hydroxy-2'-deoxyguanosine (8-OHdG) or oxidative metabolites (Inoue
et al. 2009; Irie et al. 2004). Further research is necessary to elucidate the potential
role of oxidative biomarkers in chronic work stress.

7.3.2.8 Intima Media Thickness and Vascular Health

The vessel’s intima media thickness (IMT) as well as the progression of the IMT are
established indicators for cardiovascular health. There is few but reasonably consis-
tent evidence pointing to an association between chronic work stress in terms of
ERI on the one hand and IMT on the other. For example, in a large cross-sectional
study, Xu et al. (2010) performed high-resolution carotic ultrasonography in 734
Chinese workers without coronary heart disease (508 men and 226 women). In
women, effort, ERI-ratio, and OC were positively and reward negatively related to
IMT (controlling for relevant covariates). In men, however, such associations ren-
dered non-significant if controlling for covariates. In a longitudinal study across 4
years, Eller and Netterstrom (2007) assessed the relationship between psychosocial
factors and the progression of intima media thickness (IMT) in 95 healthy volun-
teers. In the same vein, they found that different ERI-model components serve as
significant independent predictors of IMT progression in men as well as women. In
line with this, Fischer et al. (2009) set out to investigate whether ERI/OC is associ-
ated with numbers in circulating progenitor cells assessed by flow-cytometry in
industrial employees. Progenitor cells are involved in the maintenance of vascular
integrity and were found to be decreased in subjects with high cardiovascular risk.
ERI was independently associated with lower progenitor cell counts, furthermore a
significant interaction effect between smoking and ERI was observed. Such results
strengthen the view that chronic work stress in terms of ERI/OC might promote
atherosclerotic processes.

7.3.3 Findings on an Allostatic Load Summary Index

The allostatic load summary index has been used to establish relationships between
work stress and health-related outcomes. Although there exist several studies on
allostatic load in different occupational settings, almost no studies investigated the
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association between adverse psychosocial working environment in terms of ERI/
OC and a cumulative measure of physiological wear-and-tear. In almost all avail-
able studies, single parameters were analyzed although multiple parameters were
collected (for reviews see Mauss et al. 2015; Hansen et al. 2009). A least in an own
study, Bellingrath et al. (2009) assessed the relationship between indicators of
work-related chronic stress in school teachers and disease risk not only with respect
to single mediators but with a cumulative measure of physiological wear-and-tear
prior to the onset of a manifest clinical disease, as suggested by McEwen and
Seeman (1999). In this study, ERI/OC and a summary allostatic load index were
assessed in 104 female teachers. Allostatic load was first analyzed according to
McEwen’s classical model comprised of ten parameters including cortisol, adrena-
line and noradrenaline, dehydroepiandrosterone-sulfate (DHEA-S), waist/hip-ratio
(WHR), HbAlc, high density lipoprotein (HDL), total cholesterol/HDL-ratio as
well as systolic and diastolic blood pressure. To additionally account for immuno-
logical, blood coagulation, and metabolic processes, it was furthermore extended by
TNF-a, CRP, fibrinogen, D-dimer, percent-body-fat, triglycerides, and glucose.
Both composite AL-indices were significantly higher in women with higher ERI
levels, reflecting subtle dysregulation across multiple stress-sensitive systems.
Despite the limitations of a cross-sectional analysis in a relatively small, solely
female study sample, these findings potentially underline an advantage of a com-
posite AL score in quantifying future disease risk in apparently healthy and working
cohorts, compared to a confined investigation of single biological risk factors.

7.4 Outlook

Taken together, the existing studies investigating the mechanisms which underlie
the associations between job-related stress and negative health outcomes suggest
that already healthy subjects with elevated ERI/OC show subtle changes in multiple
psychobiological stress markers before a potential disease manifestation.
Advancing our knowledge about psychobiological mechanisms could help to
develop prevention programs, based on the theoretical framework of the ERI-model,
that complement the well-evaluated techniques of relaxation, meditation or stress
inoculation, by focusing on the modification of dysfunctional work-related attitudes
regarding achievement and commitment and the ability to gain mental distance
from work-related obligations (Aust et al. 1997). Stress management interventions
based on the ERI model could help to improve individual coping skills, such as
declining inappropriate demands, developing a realistic appraisal of personal
resources and to establish multiple sources of self-esteem, not only with regard to
work-related achievement. An intervention study explicitly based on the ERI model
by Limm and colleagues (2011) is especially encouraging as it could show that
perceived stress reactivity after 1 year was significantly reduced in the intervention
group. In recent years there has been growing research activity that aims to investi-
gate the effects of stress management interventions not only on behavioral outcome
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measures and subjective stress ratings but also on physiological stress markers,
especially cortisol (Gaab et al. 2003; Storch et al. 2007; Flook et al. 2013;
Hammerfald et al. 2006). In the above mentioned intervention study by Limm et al.
(2011) however no effect on cortisol levels was found, whereas with respect to sali-
vary a-amylase, an index for sympathetic activity and dysregulation of the auto-
nomic nervous system, a trend could be observed for a stronger decrease in the
intervention group (area under the daytime curve and daytime slope) compared to
the control group.

Furthermore, a precise knowledge about psychobiological pathways from ERI/
OC to health impairments is not only relevant for person-oriented interventions, it
should also encourage the implementation of structural and organizational changes
that target the communication and reward culture at the work place as well as orga-
nizational climate and organizational justice in order to improve psychosocial work-
place characteristics. Finally, alternative methods of measuring stress in daily life,
such as ambulatory assessment, that allow the investigation of subjective experi-
ences linked to a particular time and context, could help to advance knowledge on
psychobiological pathways to stress-related disease vulnerability due to job-related
stress (Conner and Barrett 2012; Kudielka et al. 2012).

With this, the usefulness of the ERI/OC model in the area of psychobiological
stress research is at least twofold. First, this work stress model helps us to gain a
better understanding of the concrete mechanistic pathways leading from work stress
to adverse health effects. Furthermore, the model helps us to identify person- as well
as organizational-oriented targets for prevention— and with this, helps us to imple-
ment a salutogenic approach to face (chronic) stress at work.

References

Almadi, T., Cathers, 1., Hamdan Mansour, A. M., & Chow, C. M. (2012). The association between
work stress and inflammatory biomarkers in Jordanian male workers. Psychophysiology, 49(2),
172-177. doi:10.1111/j.1469-8986.2011.01296.x.

Almadi, T., Cathers, 1., & Chow, C. M. (2013). Associations among work-related stress, cortisol,
inflammation, and metabolic syndrome. Psychophysiology, 50(9), 821-830. doi:10.1111/
psyp-12069.

Angerer, P., Giindel, H., & Siegrist, K. (2014). Stress: Psychosocial work load and risks for cardio-
vascular disease and depression. Deutsche Medizinische Wochenschrift, 139(24), 1315-1319.
doi:10.1055/s-0034-1370112.

Aust, B., Peter, R., & Siegrist, J. (1997). Stress management in bus drivers: A pilot study based on
the model of effort-reward imbalance. International Journal of Stress Management, 4, 297—
305. doi: 10.1023/B:1JSM.0000008709.11196.19.

Backe, E. M., Seidler, A., Latza, U., Rossnagel, K., & Schumann, B. (2012). The role of psycho-
social stress at work for the development of cardiovascular diseases: A systematic review.
International Archives of Occupational and Environmental Health, 85(1), 67-79. doi:10.1007/
s00420-011-0643-6.

Bathman, L. M., Almond, J., Hazi, A., & Wright, B. J. (2013). Effort-reward imbalance at work
and pre-clinical biological indices of ill-health: The case for salivary immunoglobulin A.
Brain, Behavior, and Immunity, 33, 74-79. doi:10.1016/j.bbi.2013.05.010.


http://dx.doi.org/10.1111/j.1469-8986.2011.01296.x
http://dx.doi.org/10.1111/psyp.12069
http://dx.doi.org/10.1111/psyp.12069
http://dx.doi.org/10.1055/s-0034-1370112
http://dx.doi.org/10.1023/B:IJSM.0000008709.11196.19
http://dx.doi.org/10.1007/s00420-011-0643-6
http://dx.doi.org/10.1007/s00420-011-0643-6
http://dx.doi.org/10.1016/j.bbi.2013.05.010

7 Psychobiological Pathways from Work Stress to Reduced Health: Naturalistic... 163

Bellingrath, S., & Kudielka, B. M. (2008). Effort-reward-imbalance and overcommitment are
associated with hypothalamus-pituitary-adrenal (HPA) axis responses to acute psychosocial
stress in healthy working schoolteachers. Psychoneuroendocrinology, 33(10), 1335-1343.
doi:10.1016/j.psyneuen.2008.07.008.

Bellingrath, S., Weigl, T., & Kudielka, B. M. (2008). Cortisol dysregulation in school teachers in
relation to burnout, vital exhaustion, and effort-reward-imbalance. Biological Psychology,
78(1), 104-113. doi:10.1016/j.biopsycho.2008.01.006.

Bellingrath, S., Weigl, T., & Kudielka, B. M. (2009). Chronic work stress and exhaustion is associ-
ated with higher allostastic load in female school teachers. Stress, 12(1), 37-48.
doi:10.1080/10253890802042041.

Bellingrath, S., Rohleder, N., & Kudielka, B. M. (2010). Healthy working school teachers with
high effort-reward-imbalance and overcommitment show increased pro-inflammatory immune
activity and a dampened innate immune defence. Brain, Behavior, and Immunity, 24(8), 1332—
1339. doi:10.1016/j.bbi.2010.06.011.

Bellingrath, S., Rohleder, N., & Kudielka, B. M. (2013). Effort-reward-imbalance in healthy teach-
ers is associated with higher LPS-stimulated production and lower glucocorticoid sensitivity of
interleukin-6  in vitro. Biological Psychology, 92(2), 403-409. doi:10.1016/j.
biopsycho.2012.12.003.

Berset, M., Semmer, N. K., Elfering, A., Jacobshagen, N., & Meier, L. L. (2011). Does stress at
work make you gain weight? A two-year longitudinal study. Scandinavian Journal of Work,
Environment and Health, 37(1), 45-53. doi:10.5271/sjweh.3089.

Bosch, J. A., Fischer, J. E., & Fishcher, J. C. (2009). Psychologically adverse work conditions are
associated with CD8+T cell differentiation indicative of immunesenescence. Brain, Behavior,
and Immunity, 23(4), 527-534. doi:10.1016/j.bbi.2009.02.002.

Bosma, H., Peter, R., Siegrist, J., & Marmot, M. (1998). Two alternative job stress models and the
risk of coronary heart disease. American Journal of Public Health, 88(1), 68—74. doi:10.2105/
AJPH.88.1.68.

Cannon, W. B. (1914). The interrelations of emotions as suggested by recent physiological
researches. American Journal of Psychology, 25(2), 256-282. doi:10.2307/1413414.

Chandola, T., Heraclides, A., & Kumari, M. (2010). Psychophysiological biomarkers of workplace
stressors. Neuroscience and Biobehavioral Reviews, 35(1), 51-57. doi:10.1016/j.
neubiorev.2009.11.005.

Chrousos, G. P., & Gold, P. W. (1992). The concepts of stress and stress system disorders. Overview
of physical and behavioral homeostasis. JAMA, 267(9), 1244-1252. doi:10.1001/
jama.267.9.1244.

Conner, T. S., & Barrett, L. F. (2012). Trends in ambulatory self-report: The role of momentary
experience in psychosomatic medicine. Psychosomatic Medicine, 74(4),327-337. doi:10.1097/
PSY.0b013e3182546f18.

Cooper, C. (2008). Well-being — absenteeism, presenteeism, costs and challenges. Occupational
Medicine, 58(8), 522-524. doi:10.1093/occmed/kqn124.

Danesh, J., Wheeler, J. G., Hirschfield, G. M., Eda, S., Eiriksdottir, G., Rumley, A., Lowe, G. D.,
Pepys, M. B., & Gudnason, V. (2004). C-reactive protein and other circulating markers of
inflammation in the prediction of coronary heart disease. New England Journal of Medicine,
350(14), 1387-1397. doi:10.1056/NEJMo0a032804.

Dockray, S., Bhattacharyya, M. R., Molloy, G. J., & Steptoe, A. (2008). The cortisol awakening
response in relation to objective and subjective measures of waking in the morning.
Psychoneuroendocrinology, 33(1), 77-82. doi:10.1016/j.psyneuen.2007.10.001.

Eller, N. H., & Netterstrom, B. (2007). Psychosocial factors at home and at work and four-year
progression in intima media thickness. International Journal of Behavioral Medicine, 14(1),
21-29. doi:10.1007/BF02999224.

Eller, N. H., Netterstrom, B., & Hansen, A. M. (2006). Psychosocial factors at home and at work
and levels of salivary cortisol. Biological Psychology, 73(3), 280-287. doi:10.1016/j.
biopsycho.2006.05.003.


http://dx.doi.org/10.1016/j.psyneuen.2008.07.008
http://dx.doi.org/10.1016/j.biopsycho.2008.01.006
http://dx.doi.org/10.1080/10253890802042041
http://dx.doi.org/10.1016/j.bbi.2010.06.011
http://dx.doi.org/10.1016/j.biopsycho.2012.12.003
http://dx.doi.org/10.1016/j.biopsycho.2012.12.003
http://dx.doi.org/10.5271/sjweh.3089
http://dx.doi.org/10.1016/j.bbi.2009.02.002
http://dx.doi.org/10.2105/AJPH.88.1.68
http://dx.doi.org/10.2105/AJPH.88.1.68
http://dx.doi.org/10.2307/1413414
http://dx.doi.org/10.1016/j.neubiorev.2009.11.005
http://dx.doi.org/10.1016/j.neubiorev.2009.11.005
http://dx.doi.org/10.1001/jama.267.9.1244
http://dx.doi.org/10.1001/jama.267.9.1244
http://dx.doi.org/10.1097/PSY.0b013e3182546f18
http://dx.doi.org/10.1097/PSY.0b013e3182546f18
http://dx.doi.org/10.1093/occmed/kqn124
http://dx.doi.org/10.1056/NEJMoa032804
http://dx.doi.org/10.1016/j.psyneuen.2007.10.001
http://dx.doi.org/10.1007/BF02999224
http://dx.doi.org/10.1016/j.biopsycho.2006.05.003
http://dx.doi.org/10.1016/j.biopsycho.2006.05.003

164 S. Bellingrath and B.M. Kudielka

Eller, N. H., Netterstrom, B., Gyntelberg, F., Kristensen, T. S., Nielsen, F., Steptoe, A., & Theorell,
T. (2009). Work-related psychosocial factors and the development of ischemic heart disease: A
systematic review. Cardiology in Review, 17(2), 83-97. doi:10.1097/CRD.0b013e318198c8e9.

Eller, N. H., Blond, M., Nielsen, M., Kristiansen, J., & Netterstrom, B. (2011a). Effort reward
imbalance is associated with vagal withdrawal in Danish public sector employees. International
Journal of Psychophysiology, 81(3), 218-224. doi:10.1016/].ijpsycho.2011.06.014.

Eller, N. H., Kristiansen, J., & Hansen, A. M. (2011b). Long-term effects of psychosocial factors
of home and work on biomarkers of stress. International Journal of Psychophysiology, 79(2),
195-202. doi:10.1016/j.ijpsycho.2010.10.009.

Eller, N. H., Nielsen, S. F,, Blond, M., Nielsen, M. L., Hansen, A. M., & Netterstrom, B. (2012).
Effort reward imbalance, and salivary cortisol in the morning. Biological Psychology, 89(2),
342-348. doi:10.1016/j.biopsycho.2011.11.007.

Falk. A., Menrath. 1., Verde. P. E., & Siegrist, J. (2011). Cardiovascular consequences of unfair
pay (IZA DP No. 5720, Discussion paper series). Institute for the Study of Labor.

Fischer, J. C., Kudielka, B. M., von Kinel, R., Siegrist, J., Thayer, J. F., & Fischer, J. E. (2009).
Bone-marrow derived progenitor cells are associated with psychosocial determinants of health
after controlling for classical biological and behavioral cardiovascular risk factors. Brain,
Behavior, and Immunity, 23(4), 419-426. doi:10.1016/j.bbi.2008.08.005.

Flook, L., Goldberg, S. B., Pinger, L., Bonus, K., & Davidson, R. J. (2013). Mindfulness for teach-
ers: A pilot study to assess effects on stress, burnout and teaching efficacy. Mind Brain
Education, 7(3), 182. doi:10.1111/mbe.12026.

Franke, W. D., Kohut, M. L., Russell, D. W., Yoo, H. L., Ekkekakis, P., & Ramey, S. P. (2010). Is
job-related stress the link between cardiovascular disease and the law enforcement profession?
Journal of Occupational and Environmental Medicine, 52(5), 561-565. doi:10.1097/
JOM.0b013e3181dd086b.

Gaab, J., Blattler, N., Menzi, T., Pabst, B., Stoyer, S., & Ehlert, U. (2003). Randomized controlled
evaluation of the effects of cognitive-behavioral stress management on cortisol responses to
acute stress in healthy subjects. Psychoneuroendocrinology, 28(6), 767-779. doi:10.1016/
S0306-4530(02)00069-0.

Garza, J. L., Cavallari, J. M., Eijckelhof, B. H., Huysmans, M. A., Thamsuwan, O., Johnson, P. W.,
van der Beek, A. J., & Dennerlein, J. T. (2014). Office workers with high effort-reward imbal-
ance and overcommitment have greater decreases in heart rate variability over a 2-h working
period. International Archives of Occupational and Environmental Health. doi:10.1007/
$00420-014-0983-0.

Gilbert-Ouimet, M., Brisson, C., Vezina, M., Milot, A., & Blanchette, C. (2012). Repeated expo-
sure to effort-reward imbalance, increased blood pressure, and hypertension incidence among
white-collar workers: Effort-reward imbalance and blood pressure. Journal of Psychosomatic
Research, 72(1), 26-32. doi:10.1016/j.jpsychores.2011.07.002.

Gilbert-Ouimet, M., Trudel, X., Brisson, C., Milot, A., & Vezina, M. (2014). Adverse effects of
psychosocial work factors on blood pressure: Systematic review of studies on demand-control-
support and effort-reward imbalance models. Scandinavian Journal of Work, Environment and
Health, 40(2), 109-132. doi:10.5271/sjweh.3390.

Glozier, N., Tofler, G. H., Colquhoun, D. M., Bunker, S. J., Clarke, D. M., Hare, D. L., Hickie,
1. B, Tatoulis, J., Thompson, D. R., Wilson, A., & Branagan, M. G. (2013). Psychosocial risk
factors for coronary heart disease. Medical Journal of Australia, 199(3), 179-180. doi:10.5694/
mjal3.10440.

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. doi:10.1097/01.psy.0000221227.02975.a0.

Hammerfald, K., Eberle, C., Grau, M., Kinsperger, A., Zimmermann, A., Ehlert, U., & Gaab,
J. (2006). Persistent effects of cognitive-behavioral stress management on cortisol responses to
acute stress in healthy subjects — a randomized controlled trial. Psychoneuroendocrinology,
31(3), 333-339. doi:10.1016/j.psyneuen.2005.08.007.


http://dx.doi.org/10.1097/CRD.0b013e318198c8e9
http://dx.doi.org/10.1016/j.ijpsycho.2011.06.014
http://dx.doi.org/10.1016/j.ijpsycho.2010.10.009
http://dx.doi.org/10.1016/j.biopsycho.2011.11.007
http://dx.doi.org/10.1016/j.bbi.2008.08.005
http://dx.doi.org/10.1111/mbe.12026
http://dx.doi.org/10.1097/JOM.0b013e3181dd086b
http://dx.doi.org/10.1097/JOM.0b013e3181dd086b
http://dx.doi.org/10.1016/S0306-4530(02)00069-0
http://dx.doi.org/10.1016/S0306-4530(02)00069-0
http://dx.doi.org/10.1007/s00420-014-0983-0
http://dx.doi.org/10.1007/s00420-014-0983-0
http://dx.doi.org/10.1016/j.jpsychores.2011.07.002
http://dx.doi.org/10.5271/sjweh.3390
http://dx.doi.org/10.5694/mja13.10440
http://dx.doi.org/10.5694/mja13.10440
http://dx.doi.org/10.1097/01.psy.0000221227.02975.a0
http://dx.doi.org/10.1016/j.psyneuen.2005.08.007

7 Psychobiological Pathways from Work Stress to Reduced Health: Naturalistic... 165

Hansen, A. M., Larsen, A. D., Rugulies, R., Garde, A. H., & Knudsen, L. E. (2009). A review of
the effect of the psychosocial working environment on physiological changes in blood and
urine. Basic and  Clinical ~Pharmacology and  Toxicology, 105(2), 73-83.
doi:10.1111/5.1742-7843.2009.00444..x.

Hanson, E. K., Maas, C. J., Meijman, T. F., & Godaert, G. L. (2000). Cortisol secretion throughout
the day, perceptions of the work environment, and negative affect. Annals of Behavioral
Medicine, 22(4), 316-324. doi:10.1007/BF02895668.

Hanson, E. K., Godaert, G. L., Maas, C.J., & Meijman, T. F. (2001). Vagal cardiac control through-
out the day: The relative importance of effort-reward imbalance and within-day measurements
of mood, demand and satisfaction. Biological Psychology, 56(1), 23-44. doi:10.1016/
S0301-0511(01)00066-7.

Harris, A., Ursin, H., Murison, R., & Eriksen, H. R. (2007). Coftee, stress and cortisol in nursing
staff. Psychoneuroendocrinology, 32(4), 322-330. doi:10.1016/j.psyneuen.2007.01.003.

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.
doi:10.1016/S0306-4530(99)00035-9.

Hellhammer, D. H., & Wade, S. (1993). Endocrine correlates of stress vulnerability. Psychotherapy
and Psychosomatics, 60(1), 8—17. doi:10.1159/000288675.

Herman, J. P., Figueiredo, H., Mueller, N. K., Ulrich-Lai, Y., Ostrander, M. M., Choi, D. C., &
Cullinan, W. E. (2003). Central mechanisms of stress integration: Hierarchical circuitry con-
trolling hypothalamo-pituitary-adrenocortical responsiveness. Frontiers in Neuroendocrinology,
24(3), 151-180. doi:10.1016/j.yfrne.2003.07.001.

Herman, J. P, Ostrander, M. M., Mueller, N. K., & Figueiredo, H. (2005). Limbic system mecha-
nisms of stress regulation: Hypothalamo-pituitary-adrenocortical axis. Progress in
Neuropsychopharmacology and Biological Psychiatry, 29(8), 1201-1213. doi:10.1016/j.
pnpbp.2005.08.006.

Hintsanen, M., Elovainio, M., Puttonen, S., Kivimiki, M., Koskinen, T., Raitakari, O. T., &
Keltikangas-Jérvinen, L. (2007). Effort-reward imbalance, heart rate, and heart rate variability:
The cardiovascular risk in Young Finns Study. International Journal of Behavioral Medicine,
14(4), 202-212. doi:10.1007/BF03002994.

Hwang, W. J., & Lee, C. Y. (2014). Effect of psychosocial factors on metabolic syndrome in male
and female blue-collar workers. Japan Journal of Nursing Science, 11(1), 23-34.
doi:10.1111/j.1742-7924.2012.00226.x.

Inoue, A., Kawakami, N., Ishizaki, M., Tabata, M., Tsuchiya, M., Akiyama, M., Kitazume, A.,
Kuroda, M., & Shimazu, A. (2009). Three job stress models/concepts and oxidative DNA dam-
age in a sample of workers in Japan. Journal of Psychosomatic Research, 66(4), 329-334.
doi: 10.1016/j.jpsychores.2008.09.016.

Irie, M., Tsutsumi, A., Shioji, I., & Kobayashi, F. (2004). Effort-reward imbalance and physical
health among Japanese workers in a recently downsized corporation. International Archives of
Occupational and Environmental Health, 77(6), 409-417. doi:10.1007/s00420-004-0533-2.

Jarczok, M. N., Jarczok, M., Mauss, D., Koenig, J., Li, J., Herr, R. M., & Thayer, J. F. (2013).
Autonomic nervous system activity and workplace stressors — a systematic review. Neuroscience
and Biobehavioral Reviews, 37(8), 1810-1823. doi:10.1016/j.neubiorev.2013.07.004.

Juster, R. P., McEwen, B. S., & Lupien, S. J. (2010). Allostatic load biomarkers of chronic stress
and impact on health and cognition. Neuroscience and Biobehavioral Reviews, 35(1), 2-16.
doi: 10.1016/j.neubiorev.2009.10.002.

Karasek, R. A., & Theorell, T. (1992). Healthy work: Stress, productivity, and the reconstruction
of working life. New York: Basic Books.

Karlson, B., Eek, F., Hansen, A. M., Garde, A. H., & Orbaek, P. (2011). Cortisol variability and
self-reports in the measurement of work-related stress. Stress and Health, 27(2), E11-E24.
doi:10.1002/smi.1330.


http://dx.doi.org/10.1111/j.1742-7843.2009.00444.x
http://dx.doi.org/10.1007/BF02895668
http://dx.doi.org/10.1016/S0301-0511(01)00066-7
http://dx.doi.org/10.1016/S0301-0511(01)00066-7
http://dx.doi.org/10.1016/j.psyneuen.2007.01.003
http://dx.doi.org/10.1016/S0306-4530(99)00035-9
http://dx.doi.org/10.1159/000288675
http://dx.doi.org/10.1016/j.yfrne.2003.07.001
http://dx.doi.org/10.1016/j.pnpbp.2005.08.006
http://dx.doi.org/10.1016/j.pnpbp.2005.08.006
http://dx.doi.org/10.1007/BF03002994
http://dx.doi.org/10.1111/j.1742-7924.2012.00226.x
http://dx.doi.org/10.1016/j.jpsychores.2008.09.016
http://dx.doi.org/10.1007/s00420-004-0533-2
http://dx.doi.org/10.1016/j.neubiorev.2013.07.004
http://dx.doi.org/10.1016/j.neubiorev.2009.10.002
http://dx.doi.org/10.1002/smi.1330

166 S. Bellingrath and B.M. Kudielka

Kivimiki, M., Leino-Arjas, P., Luukkonen, R., Riihiméki, H., Vahtera, J., & Kirjonen, J. (2002).
Work stress and risk of cardiovascular mortality: Prospective cohort study of industrial employ-
ees. British Medical Journal, 325(7369), 857-860. doi:10.1136/bm;j.325.7369.857.

Kivimiki, M., Virtanen, M., Elovainio, M., Kouvonen, A., Vaananen, A., & Vahtera, J. (2000).
Work stress in the etiology of coronary heart disease — a meta-analysis. Scandinavian Journal
of Work, Environment and Health, 32(6), 431-442. doi:10.5271/sjweh.1049.

Kouvonen, A., Kivimiki, M., Cox, S. J., Cox, T., & Vahtera, J. (2005). Relationship between work
stress and body mass index among 45,810 female and male employees. Psychosomatic
Medicine, 67(4), 577-583. doi:10.1097/01.psy.0000170330.08704.62.

Kudielka, B. M., & Kirschbaum, C. (2007). Biological bases of the stress response. In M. Al Absi
(Ed.), Stress and addiction: Biological and psychological mechanisms (Vol. 1, pp. 3-19).
Amsterdam: Elsevier. chapter 1, section I: Neurobiology of Stress and Addiction.

Kudielka, B. M., Gierens, A., Hellhammer, D. H., Wiist, S., & Schlotz, W. (2012). Salivary cortisol
in ambulatory assessment-some dos, some don‘ts, and some open questions. Psychosomatic
Medicine, 74(4), 418-431. doi:10.1097/PSY.0b013e31825434c7.

Kumari, M., Head, J., & Marmot, M. (2004). Prospective study of social and other risk factors for
incidence of type 2 diabetes in the Whitehall II study. Archives of Internal Medicine, 164(17),
1873-1880. doi: 10.1001/archinte.164.17.1873.

Lazarus, R. S., & Folkman, S. (1984). Stress, appraisal, and coping. New York: Springer.

Li, J., Jarczok, M. N., Loerbroks, A., Schollgen, 1., Siegrist, J., Bosch, J. A., Wilson, M. G., Mauss,
D., & Fischer, J. E. (2013). Work stress is associated with diabetes and prediabetes: Cross-
sectional results from the MIPH industrial cohort studies. International Journal of Behavioral
Medicine, 20(4), 495-503. doi:10.1007/s12529-012-9255-0.

Liao, J., Brunner, E. J., & Kumari, M. (2013). Is there an association between work stress and
diurnal cortisol patterns? Findings from the Whitehall II study. PLoS One, 8(12), ¢81020.
doi:10.1371/journal.pone.0081020.

Limm, H., Giindel, H., Heinmiiller, M., Marten-Mittag, B., Nater, U. M., Siegrist, J., & Angerer, P.
(2011). Stress management interventions in the workplace improve stress reactivity: A ran-
domised controlled trial. Occupational and Environmental Medicine, 68(2), 126-133.
doi: 10.1136/0em.2009.054148.

Loerbroks, A., Schilling, O., Haxsen, V., Jarczok, M. N., Thayer, J. F., & Fischer, J. E. (2010). The
fruits of ones labor: Effort-reward imbalance but not job strain is related to heart rate variability
across the day in 35-44-year-old workers. Journal of Psychosomatic Research, 69(2), 151—
159. doi: 10.1016/j.jpsychores.2010.03.004.

Magnavita, N., & Fileni, A. (2014). Work stress and metabolic syndrome in radiologists: First
evidence. Radiologia Medica, 119(2), 142—148. doi:10.1007/s11547-013-0329-0.

Maina, G., Bovenzi, M., Palmas, A., & Filon, F. L. (2009). Associations between two job stress
models and measures of salivary cortisol. International Archives of Occupational and
Environmental Health, 82(9), 1141-1150. doi:10.1007/s00420-009-0439-0.

Maina, G., Bovenzi, M., Palmas, A., Prodi, A., & Filon, F. L. (2011). Job strain, effort-reward
imbalance and ambulatory blood pressure: Results of a cross-sectional study in call handler
operators. International Archives of Occupational and Environmental Health, 84(4), 383-391.
doi: 10.1007/s00420-010-0576-5.

Malliani, A., Pagani, M., & Lombardi, F. (1994). Physiology and clinical implications of variabil-
ity of cardiovascular parameters with focus on heart rate and blood pressure. American Journal
of Cardiology, 73(10), 3C-9C. doi:10.1016/0002-9149(94)90617-3.

Marchand, A., Juster, R. P., Durand, P., & Lupien, S. J. (2015). Work stress models and diurnal
cortisol variations: The SALVEO study. Journal of Occupational Health Psychology.
doi:10.1037/a0039674.

Mason, J. W. (1975) A historical view of the stress field. Journal of Human Stress, 1(1), 6-12.
contd. doi:10.1080/0097840X.1975.9940399.


http://dx.doi.org/10.1136/bmj.325.7369.857
http://dx.doi.org/10.5271/sjweh.1049
http://dx.doi.org/10.1097/01.psy.0000170330.08704.62
http://dx.doi.org/10.1097/PSY.0b013e31825434c7
http://dx.doi.org/10.1001/archinte.164.17.1873
http://dx.doi.org/10.1007/s12529-012-9255-0
http://dx.doi.org/10.1371/journal.pone.0081020
http://dx.doi.org/10.1136/oem.2009.054148
http://dx.doi.org/10.1016/j.jpsychores.2010.03.004
http://dx.doi.org/10.1007/s11547-013-0329-0
http://dx.doi.org/10.1007/s00420-009-0439-0
http://dx.doi.org/10.1007/s00420-010-0576-5
http://dx.doi.org/10.1016/0002-9149(94)90617-3
http://dx.doi.org/10.1037/a0039674
http://dx.doi.org/10.1080/0097840X.1975.9940399

7 Psychobiological Pathways from Work Stress to Reduced Health: Naturalistic... 167

Mauss, D., Li, J., Schmidt, B., Angerer, P., & Jarczok, M. N. (2015). Measuring allostatic load in
the workforce: A systematic review. Industrial Health, 53(1), 5-20. doi:10.2486/
indhealth.2014-0122.

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

McEwen, B. S. (1998b). Stress, adaptation, and disease. Allostasis and allostatic load. Annals of
the New York Academy of Sciences, 840, 33—44. doi:10.1111/j.1749-6632.1998.tb09546.x.
McEwen, B. S. (2003). Interacting mediators of allostasis and allostatic load: Towards an under-
standing of resilience in aging. Metabolism, 52(10 Suppl 2), 10-16. doi:10.1016/

50026-0495(03)00295-6.

McEwen, B. S. (2006). Protective and damaging effects of stress mediators: Central role of the
brain.  Dialogues in  Clinical  Neuroscience, 8(4), 367-381. doi:10.1016/
S0079-6123(08)62128-7.

McEwen, B. S. (2007). Physiology and neurobiology of stress and adaptation: Central role of the
brain. Physiological Reviews, 87(3), 873-904. doi:10.1152/physrev.00041.2006.

McEwen, B. S., & Seeman, T. (1999). Protective and damaging effects of mediators of stress.
Elaborating and testing the concepts of allostasis and allostatic load. Annals of the New York
Academy of Sciences, 896, 30—47. doi:10.1111/j.1749-6632.1999.tb08103.x.

Miller, G. E., Rohleder, N., Stetler, C., & Kirschbaum, C. (2005). Clinical depression and regula-
tion of the inflammatory response during acute stress. Psychosomatic Medicine, 67(5), 679—
687. doi:10.1097/01.psy.0000174172.82428.ce.

Nakata, A., Takahashi, M., & Irie, M. (2011). Effort-reward imbalance, overcommitment, and cel-
lular immune measures among white-collar employees. Biological Psychology, 88(2-3), 270-
279. doi:10.1016/j.biopsycho.2011.08.012.

Ostry, A. S., Radi, S., Louie, A. M., & LaMontagne, A. D. (2006). Psychosocial and other working
conditions in relation to body mass index in a representative sample of Australian workers.
BMC Public Health, 6, 53. doi:10.1186/1471-2458-6-53.

Ota, A., Mase, J., Howteerakul, N., Rajatanun, T., Suwannapong, N., Yatsuya, H., & Ono, Y.
(2014). The effort-reward imbalance work-stress model and daytime salivary cortisol and
dehydroepiandrosterone (DHEA) among Japanese women. Science Reports, 4, 6402.
doi: 10.1038/srep06402.

Peter, R., & Siegrist, J. (1997). Chronic work stress, sickness absence, and hypertension in middle
managers: General or specific sociological explanations? Social Science & Medicine, 45(7),
1111-1120. doi:10.1016/S0277-9536(97)00039-7.

Peter, R., Alfredsson, L., Hammar, N., Siegrist, J., Theorell, T., & Westerholm, P. (1998a). High
effort, low reward, and cardiovascular risk factors in employed Swedish men and women:
Baseline results from the WOLF study. Journal of Epidemiology and Community Health,
52(9), 540-547. doi:10.1136/jech.52.9.540.

Peter, R., Geissler, H., & Siegrist, J. (1998b). Associations of effort-reward imbalance at work and
reported symptoms in different groups of male and female public transport workers. Stress
Medicine, 14(3), 175-182. doi:10.1002/
(Sici)1099-1700(199807)14:3<175::Aid-Smi775>3.0.Co;2-4.

Porges, S. W. (1992). Vagal tone: A physiologic marker of stress vulnerability. Pediatrics, 90(3 Pt
2), 498-504.

Pruessner, J. C., Wolf, O. T., Hellhammer, D. H., Buske-Kirschbaum, A., von Auer, K., Jobst, S.,
Kaspers, F., & Kirschbaum, C. (1997). Free cortisol levels after awakening: A reliable biologi-
cal marker for the assessment of adrenocortical activity. Life Sciences, 61(26), 2539-2549.
doi:10.1016/S0024-3205(97)01008-4.

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. doi:10.1016/j.jpsychores.2014.01.008.

Rugulies, R., Aust, B., Siegrist, J., von dem Knesebeck, O., Bultmann, U., Bjorner, J. B., & Burr,
H. (2009). Distribution of effort-reward imbalance in Denmark and its prospective association


http://dx.doi.org/10.2486/indhealth.2014-0122
http://dx.doi.org/10.2486/indhealth.2014-0122
http://dx.doi.org/10.1111/j.1749-6632.1998.tb09546.x
http://dx.doi.org/10.1016/S0026-0495(03)00295-6
http://dx.doi.org/10.1016/S0026-0495(03)00295-6
http://dx.doi.org/10.1016/S0079-6123(08)62128-7
http://dx.doi.org/10.1016/S0079-6123(08)62128-7
http://dx.doi.org/10.1152/physrev.00041.2006
http://dx.doi.org/10.1111/j.1749-6632.1999.tb08103.x
http://dx.doi.org/10.1097/01.psy.0000174172.82428.ce
http://dx.doi.org/10.1016/j.biopsycho.2011.08.012
http://dx.doi.org/10.1186/1471-2458-6-53
http://dx.doi.org/10.1038/srep06402
http://dx.doi.org/10.1016/S0277-9536(97)00039-7
http://dx.doi.org/10.1136/jech.52.9.540
http://dx.doi.org/10.1002/(Sici)1099-1700(199807)14:3<175::Aid-Smi775>3.0.Co;2-4
http://dx.doi.org/10.1002/(Sici)1099-1700(199807)14:3<175::Aid-Smi775>3.0.Co;2-4
http://dx.doi.org/10.1016/S0024-3205(97)01008-4
http://dx.doi.org/10.1016/j.jpsychores.2014.01.008

168 S. Bellingrath and B.M. Kudielka

with a decline in self-rated health. Journal of Occupational and Environmental Medicine,
51(8), 870-878. doi:10.1097/JOM.0b013e3181a9086¢.

Sapolsky, R. M., Romero, L. M., & Munck, A. U. (2000). How do glucocorticoids influence stress
responses? Integrating permissive, suppressive, stimulatory, and preparative actions. Endocrine
Reviews, 21(1), 55-89. doi:10.1210/edrv.21.1.0389.

Schmidt, B., Bosch, J. A., Jarczok, M. N., Herr, R. M., Loerbroks, A., van Vianen, A. E. M., &
Fischer, J. E. (2015). Effort-reward imbalance is associated with the metabolic syndrome —
findings from the Mannheim Industrial Cohort Study (MICS). International Journal of
Cardiology, 178, 24-28. doi:10.1016/j.ijcard.2014.10.115.

Seeman, T. E., & Robbins, R. J. (1994). Aging and hypothalamic-pituitary-adrenal response to
challenge in humans. Endocrine Reviews, 15(2), 233-260. doi:10.1210/er.15.2.233.

Selye, H. (1950). Stress: The physiology and pathology of exposure to stress. Montreal: Acta
Medica.

Siegrist, J. (2002). Reducing social inequalities in health: Work-related strategies. Scandinavian
Journal Public Health, 30(3), 49-53. doi:10.1177/14034948020300032501.

Siegrist, J. (2005). Social reciprocity and health: New scientific evidence and policy implications.
Psychoneuroendocrinology, 30(10), 1033—1038. doi:10.1016/j.psyneuen.2005.03.017.

Siegrist, J. (2010). Effort-reward imbalance at work and cardiovascular diseases. International
Journal of Occupational Medicine and Environmental Health, 23(3), 279-285. doi:10.2478/
v10001-010-0013-8.

Siegrist, J. (2013). Effort-reward imbalance at work and depression: Current research evidence.
Nervenarzt, 84(1), 33-37. doi:10.1007/s00115-012-3667-6.

Siegrist, J., & Peter, R. (1996). Threat to occupational status control and cardiovascular risk. Israel
Journal Medical Science, 32(3—4), 179-184.

Siegrist, J., & Rodel, A. (2006). Work stress and health risk behavior. Scandinavian Journal of
Work, Environment and Health, 32(6), 473—481. doi:10.5271/sjweh.1052.

Siegrist, J., Klein, D., & Voigt, K. H. (1997). Linking sociological with physiological data: The
model of effort-reward imbalance at work. Acta Physiologica Scandinavica. Supplementum,
640, 112-116.

Soderberg, M., Rosengren, A., Hillstrom, J., Lissner, L., & Toren, K. (2012). A cross-sectional
study of the relationship between job demand-control, effort-reward imbalance and cardiovas-
cular  heart  disease risk  factors. BMC  Public  Health, 12, 1102.
doi:10.1186/1471-2458-12-1102.

Souza, G. G., Mendonca-de-Souza, A. C., Barros, E. M., Coutinho, E. F., Oliveira, L., Mendlowicz,
M. V., Figueira, 1., & Volchan, E. (2007). Resilience and vagal tone predict cardiac recovery
from acute social stress. Stress, 10(4), 368-374. doi:10.1080/10253890701419886.

Stalder, T., Kirschbaum, C., Kudielka, B. M., Adam, E. K., Pruessner, J. C., Wiist, S., Dockray, S.,
Smyth, N., Evans, P., Hellhammer, D. H., Miller, R., Wetherell, M. A., Lupien, S., & Clow, A.
(2016). Assessment of the cortisol awakening response: Expert consensus guidelines.
Psychoneuroendocrinology. doi:10.1016/j.psyneuen.2015.10.010.

Steptoe, A., Siegrist, J., Kirschbaum, C., & Marmot, M. (2004). Effort-reward imbalance, over-
commitment, and measures of cortisol and blood pressure over the working day. Psychosomatic
Medicine, 66(3), 323-329. doi:10.1097/00006842-200405000-00006.

Sterling, P., & Eyer, J. (1988). Allostasis: A new paradigm to explain arousal pathology. Handbook
of life stress, cognition and health. New York: John Wiley & Sons.

Storch, M., Gaab, J., Kuttel, Y., Stussi, A. C., & Fend, H. (2007). Psychoneuroendocrine effects of
resource-activating stress management training. Health Psychology, 26(4), 456—463.
doi:10.1037/0278-6133.26.4.456.

Takaki, J. (2013). Associations of job stress indicators with oxidative biomarkers in Japanese men
and women. International Journal of Environmental Research and Public Health, 10(12),
6662-6671. doi:10.3390/ijerph10126662.


http://dx.doi.org/10.1097/JOM.0b013e3181a9086c
http://dx.doi.org/10.1210/edrv.21.1.0389
http://dx.doi.org/10.1016/j.ijcard.2014.10.115
http://dx.doi.org/10.1210/er.15.2.233
http://dx.doi.org/10.1177/14034948020300032501
http://dx.doi.org/10.1016/j.psyneuen.2005.03.017
http://dx.doi.org/10.2478/v10001-010-0013-8
http://dx.doi.org/10.2478/v10001-010-0013-8
http://dx.doi.org/10.1007/s00115-012-3667-6
http://dx.doi.org/10.5271/sjweh.1052
http://dx.doi.org/10.1186/1471-2458-12-1102
http://dx.doi.org/10.1080/10253890701419886
http://dx.doi.org/10.1016/j.psyneuen.2015.10.010
http://dx.doi.org/10.1097/00006842-200405000-00006
http://dx.doi.org/10.1037/0278-6133.26.4.456
http://dx.doi.org/10.3390/ijerph10126662

7 Psychobiological Pathways from Work Stress to Reduced Health: Naturalistic... 169

Takaki, J., Minoura, A., Irimajiri, H., Hayama, A., Hibino, Y., Kanbara, S., Sakano, N., & Ogino,
K. (2010). Interactive effects of job stress and body mass index on over-eating. Journal of
Occupational Health, 52(1), 66—73. doi:10.1539/jo0h.M9006.

Task Force of the European Society of Cardiology and the North American Society of Pacing and
Electrophysiology. (1996). Heart rate variability — standards of measurement, physiological
interpretation, and clinical use. European Heart Journal, 17, 354-381.

Thayer, J. F., Yamamoto, S. S., & Brosschot, J. F. (2010). The relationship of autonomic imbalance,
heart rate variability and cardiovascular disease risk factors. International Journal of
Cardiology, 141(2), 122-131. doi:10.1016/j.ijcard.2009.09.543.

Thayer, J. F.,, Ahs, F,, Fredrikson, M., Sollers, J. J., 3rd, & Wager, T. D. (2012). A meta-analysis of
heart rate variability and neuroimaging studies: Implications for heart rate variability as a
marker of stress and health. Neuroscience and Biobehavioral Reviews, 36(2), 747-756.
doi:10.1016/j.neubiorev.2011.11.009.

Tsigos, C., & Chrousos, G. P. (2002). Hypothalamic-pituitary-adrenal axis, neuroendocrine factors
and stress. Journal of Psychosomatic Research, 53(4), 865-871. doi:10.1016/
50022-3999(02)00429-4.

Tsutsumi, A., & Kawakami, N. (2004). A review of empirical studies on the model of effort-reward
imbalance at work: Reducing occupational stress by implementing a new theory. Social Science
& Medicine, 59(11), 2335-2359. doi:10.1016/j.socscimed.2004.03.030.

Ursin, H., & Eriksen, H. R. (2004). The cognitive activation theory of stress.
Psychoneuroendocrinology, 29(5), 567-592. doi:10.1016/S0306-4530(03)00091-X.

Uusitalo, A., Mets, T., Martinmaki, K., Mauno, S., Kinnunen, U., & Rusko, H. (2011). Heart rate
variability related to effort at work. Applied Ergonomics, 42(6), 830-838. doi:10.1016/j.
apergo.2011.01.005.

van Vegchel, N., de Jonge, J., Bosma, H., & Schaufeli, W. (2005). Reviewing the effort-reward
imbalance model: Drawing up the balance of 45 empirical studies. Social Science & Medicine,
60(5), 1117-1131. doi:10.1016/j.socscimed.2004.06.043.

Virtanen, M., Oksanen, T., Kawachi, I., Subramanian, S. V., Elovainio, M., Suominen, S., Linna,
A., Koponen, A., Pentti, J., Kiviméki, M., & Vahtera, J. (2012). Organizational justice in
primary-care health centers and glycemic control in patients with type 2 diabetes. Medical
Care, 50(10), 831-835. doi:10.1097/MLR.0b013e31825dd741.

von Kinel, R., Bellingrath, S., & Kudielka, B. M. (2009). Overcommitment but not effort-reward
imbalance relates to stress-induced coagulation changes in teachers. Annals of Behavioral
Medicine, 37(1), 20-28. doi:10.1007/s12160-009-9082-y.

Vrijkotte, T. G. M., van Doornen, L. J. P., & de Geus, E. J. C. (1999). Work stress and metabolic
and hemostatic risk factors. Psychosomatic Medicine, 61(6), 796-805.
doi:10.1097/00006842-199911000-00012.

Vrijkotte, T. G., van Doornen, L. J., & de Geus, E. J. (2000). Effects of work stress on ambulatory
blood pressure, heart rate, and heart rate variability. Hypertension, 35(4), 880-886.
doi:10.1161/01.HYP.35.4.880.

Wilhelm, 1., Born, J., Kudielka, B. M., Schlotz, W., & Wiist, S. (2007). Is the cortisol awakening
rise a response to awakening? Psychoneuroendocrinology, 32(4), 358-366. doi:10.1016/j.
psyneuen.2007.01.008.

Wirtz, P. H., Siegrist, J., Rimmele, U., & Ehlert, U. (2008). Higher overcommitment to work is
associated with lower norepinephrine secretion before and after acute psychosocial stress in
men. Psychoneuroendocrinology, 33(1), 92-99. doi:10.1016/j.psyneuen.2007.10.003.

Wirtz, P. H., Siegrist, J., Schuhmacher, A., Hoefels, S., Maier, W., & Zobel, A. W. (2010). Higher
overcommitment to work is associated with higher plasma cortisol but not ACTH responses in
the combined dexamethasone/CRH test in apparently healthy men and women.
Psychoneuroendocrinology, 35(4), 536-543. doi:10.1016/j.psyneuen.2009.09.002.

Wolfram, M., Bellingrath, S., Feuerhahn, N., & Kudielka, B. M. (2013). Emotional exhaustion and
overcommitment to work are differentially associated with hypothalamus-pituitary-adrenal


http://dx.doi.org/10.1539/joh.M9006
http://dx.doi.org/10.1016/j.ijcard.2009.09.543
http://dx.doi.org/10.1016/j.neubiorev.2011.11.009
http://dx.doi.org/10.1016/S0022-3999(02)00429-4
http://dx.doi.org/10.1016/S0022-3999(02)00429-4
http://dx.doi.org/10.1016/j.socscimed.2004.03.030
http://dx.doi.org/10.1016/S0306-4530(03)00091-X
http://dx.doi.org/10.1016/j.apergo.2011.01.005
http://dx.doi.org/10.1016/j.apergo.2011.01.005
http://dx.doi.org/10.1016/j.socscimed.2004.06.043
http://dx.doi.org/10.1097/MLR.0b013e31825dd741
http://dx.doi.org/10.1007/s12160-009-9082-y
http://dx.doi.org/10.1097/00006842-199911000-00012
http://dx.doi.org/10.1161/01.HYP.35.4.880
http://dx.doi.org/10.1016/j.psyneuen.2007.01.008
http://dx.doi.org/10.1016/j.psyneuen.2007.01.008
http://dx.doi.org/10.1016/j.psyneuen.2007.10.003
http://dx.doi.org/10.1016/j.psyneuen.2009.09.002

170 S. Bellingrath and B.M. Kudielka

(HPA) axis responses to a low-dose ACTH1-24 (Synacthen) and dexamethasone-CRH test in
healthy school teachers. Stress, 16(1), 54—64. doi:10.3109/10253890.2012.683465.

Wright, B. J. (2011). Effort-reward imbalance is associated with salivary immunoglobulin a and
cortisol secretion in disability workers. Journal of Occupational and Environmental Medicine,
53(3), 308-312. doi: 10.1097/JOM.0b013e31820c90b7.

Wiist, S., Wolf, J., Hellhammer, D. H., Federenko, 1., Schommer, N., & Kirschbaum, C. (2000).
The cortisol awakening response — normal values and confounds. Noise & Health, 2(7), 79-88.

Wiist, S., Federenko, I. S., van Rossum, E. F.,, Koper, J. W., & Hellhammer, D. H. (2005).
Habituation of cortisol responses to repeated psychosocial stress-further characterization and
impact of genetic factors. Psychoneuroendocrinology, 30(2), 199-211. doi:10.1016/j.
psyneuen.2004.07.002.

Xu, L., Siegrist, J., Cao, W., Li, L., Tomlinson, B., & Chan, J. (2004). Measuring job stress and
family stress in Chinese working women: A validation study focusing on blood pressure and
psychosomatic symptoms. Women and Health, 39(2), 31-46. doi:10.1300/J013v39n02_03.

Xu, W., Hang, J., Cao, T., Shi, R., Zeng, W., Deng, Y., Gao, W., Zhao, Y., & Guo, L. (2010). Job
stress and carotid intima-media thickness in Chinese workers. Journal of Occupational Health,
52(5), 257-262.

Xu, W., Hang, J., Gao, W., Zhao, Y., Cao, T., & Guo, L. (2011). Association between job stress and
newly detected combined dyslipidemia among Chinese workers: Findings from the SHISO
study. Journal of Occupational Health, 53(5), 334-342.

Xu, W. X, Hang, J., Guo, L. J., Zhao, Y. M., Li, Z. P., & Gao, W. (2012). Plasma fibrinogen: A
possible link between job stress and cardiovascular disease among Chinese workers. American
Journal of Industrial Medicine, 55(2), 167-175. doi:10.1002/ajim.21017.

Xu, W. X,, Chen, B. X., Guo, L. J., Li, Z. P,, Zhao, Y. M., & Zeng, H. (2015). High-sensitivity CRP:
Possible link between job stress and atherosclerosis. American Journal of Industrial Medicine,
58(7), 773=779. doi:10.1002/ajim.22470.

Yu, S. F, Zhou, W. H,, Jiang, K. Y., Gu, G. Z., & Wang, S. (2008). Job stress, gene polymorphism
of beta(2)-AR, and prevalence of hypertension. Biomedical and Environmental Sciences,
21(3), 239-246. doi:10.1016/S0895-3988(08)60036-7.


http://dx.doi.org/10.3109/10253890.2012.683465
http://dx.doi.org/10.1097/JOM.0b013e31820c90b7
http://dx.doi.org/10.1016/j.psyneuen.2004.07.002
http://dx.doi.org/10.1016/j.psyneuen.2004.07.002
http://dx.doi.org/10.1300/J013v39n02_03
http://dx.doi.org/10.1002/ajim.21017
http://dx.doi.org/10.1002/ajim.22470
http://dx.doi.org/10.1016/S0895-3988(08)60036-7

	Chapter 7: Psychobiological Pathways from Work Stress to Reduced Health: Naturalistic and Experimental Studies on the ERI Model
	7.1 Introduction
	7.1.1 Brief History of the Stress Concept

	7.2 From Allostasis to Allostatic Load
	7.2.1 Core Stress Systems Involved in Allostatic Responses
	7.2.2 Allostatic Overload

	7.3 The Relationship Between ERI and Health Mediators: Findings from Naturalistic and Experimental Studies
	7.3.1 Findings on Primary Mediators
	7.3.1.1 Cortisol
	7.3.1.2 Catecholamines
	7.3.1.3 Inflammatory Cytokines

	7.3.2 Findings on Secondary Outcomes
	7.3.2.1 Body Weight (BMI) and Blood Lipids
	7.3.2.2 HbA1c
	7.3.2.3 Blood Pressure
	7.3.2.4 Heart Rate and Heart Rate Variability
	7.3.2.5 Blood Coagulation Markers
	7.3.2.6 Immune System Mediators
	7.3.2.7 Oxidative Stress
	7.3.2.8 Intima Media Thickness and Vascular Health

	7.3.3 Findings on an Allostatic Load Summary Index

	7.4 Outlook
	References


