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ARTICLE INFO ABSTRACT

Chronic stress experienced at work is considered a major health challenge for modern societies. In fact there is
ample evidence that deleterious work environments, based on high efforts in relation to few rewards, sub-
stantially augment the risk for a number of highly prevalent diseases (e.g. ischemic heart disease, stroke). One
potential pathway mediating these associations involves the stress-related activation of the hypothalamus-pi-
tuitary-adrenocortical (HPA) axis with proceeding alterations in the secretion of its main effector hormone
cortisol.

In this study we assessed a prospective, two-year effect of effort-reward imbalance (ERI) on cortisol secretion,
based on a sub sample (N = 150; mean + SD age: 42.4 * 11.1; 84.0% female) of the ongoing Dresden Burnout
Study (DBS). The provided ERI measures were collected as part of the online baseline and first follow up as-
sessment. Further, cortisol secretion patterns over prolonged periods of time were evaluated in three consecutive
years of laboratory baseline and follow up visits.

Our findings suggest prospective associations between ERI and cortisol, indicating a blunted cortisol secretion
in response to long-term work stress (p < 0.001). Given the regulatory properties of cortisol on various central
and peripheral target tissues (e.g. cardiovascular system, liver, adipose tissue), a long-term decrease of cortisol
availability can be hypothesized to cause multiple health-challenging consequences. Based on our findings,
providing work environments where high efforts are always linked with high rewards have to be considered an
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important issue for employees health.

1. Introduction

Scientific evidence demonstrates that stressful work increases the
risk of a number of diseases that are highly prevalent among adult
populations of modern societies. More specifically, a work stress-related
burden of disease was identified most convincingly in case of ischemic
heart disease and stroke (Dragano et al., 2017; Kivimaki and Steptoe,
2018), depression (Rugulies et al., 2017; Theorell et al., 2015), and
metabolic disorders (Chandola et al., 2006). This new knowledge re-
sulted mainly from prospective epidemiologic cohort studies, where
work stress was assessed by validated measures of one of several es-
tablished theoretical models. One of these models is effort-reward im-
balance (ERI). ERI builds on the norm of social reciprocity that lies in
the core of the work contract. The recurrent experience of failed re-
ciprocity in terms of high efforts spent and low rewards received in turn
elicits strong negative emotions and stress reactions among employees,
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in response to the perceived violation of this basic social norm of ex-
change (Siegrist, 1996). In this model, three reward transmitters are
distinguished (money, esteem, social status). It is assumed that high-
cost, low-gain conditions at work occur frequently if people have no
alternative choice in the labour market or are exposed to heavy com-
petition. In addition, a personal pattern of coping with demands,
characterized by over-commitment (OC), contributes to the recurrent
experience of this imbalance (Siegrist, 1996).

Knowledge on adverse effects of effort-reward imbalance at work on
workers’ health is not confined to results from epidemiologic in-
vestigations. Quasi-experimental and experimental studies provide ad-
ditional information on potential psychobiological pathways linking
this type of stressful experience with elevated disease susceptibility. For
instance, effort-reward imbalance was associated with reduced heart
rate variability (Falk et al., 2018; Jarczok et al., 2013), elevated blood
pressure (Gilbert-Ouimet et al., 2014), markers of reduced immune

Received 14 March 2019; Received in revised form 18 June 2019; Accepted 29 July 2019

0306-4530/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/03064530
https://www.elsevier.com/locate/psyneuen
https://doi.org/10.1016/j.psyneuen.2019.104399
https://doi.org/10.1016/j.psyneuen.2019.104399
mailto:marlene.penz@tu-dresden.de
https://doi.org/10.1016/j.psyneuen.2019.104399
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2019.104399&domain=pdf

M. Pengz, et al.

competence and increased inflammation (Bellingrath and Kudielka,
2016; Nakata et al., 2011), and with altered cortisol release (Eddy et al.,
2018).

In this line of research, the recurrent stress-induced activation of the
hypothalamus-pituitary-adrenocortical (HPA) axis with its release of
glucocorticoids (mainly cortisol) and its effects on immune and in-
flammatory responses is of particular importance (Chrousos and Gold,
1992; Nicolaides et al., 2015; Sapolsky et al., 2000). Referring to the
HPA axis, activation is often reflected in elevated cortisol concentra-
tions, but several studies observed reduced rather than increased cor-
tisol excretion in association with stressful experience (Bellingrath and
Kudielka, 2008; Maina et al., 2009; Siegrist et al., 1997). Theories to
explain these inconsistencies are based on a time-course model of cor-
tisol excretion. Such models hypothesize increased levels of cortisol for
an early stage of chronic stress exposure, followed by decreased levels
as a result of functional adaptation to long-term excessive exposure
(Miller et al., 2007; Rohleder, 2018; Siegrist et al., 1997; Steudte-
Schmiedgen et al., 2016).

Previous studies linking effort-reward imbalance at work with cor-
tisol secretion produced divergent findings. This divergence may be due
to different cortisol measures (e.g. cortisol awakening response; Maina
et al., 2009; diurnal profiles of cortisol secretion; Steptoe et al., 2004;
HPA axis feedback sensitivity; Bellingrath et al., 2008), and/or different
occupational groups under study (e.g. factory workers; Steinisch et al.,
2014; line managers; Siegrist et al., 1997; call center employees; Maina
et al., 2009; teachers; Bellingrath et al., 2008; Qi et al., 2014). More-
over, few studies up to now used hair cortisol concentrations (HCC), a
measure representing cumulative cortisol excretion over several weeks
or months (Stalder and Kirschbaum, 2012). With one exception (Herr
et al., 2018), these few studies were restricted to a cross-sectional de-
sign (Qi et al., 2014; Steinisch et al., 2014; van der Meij et al., 2018).

With this paper we set out to analyse associations of chronic work
stress, as measured by two consecutive assessments of effort-reward
imbalance, with prospective hair cortisol concentrations (HCC), a
measure of cumulative cortisol secretion over periods of hair growth
(Stalder and Kirschbaum, 2012). Contrary to most previous studies we
include a population representing a variety of professions and occu-
pations. More specifically, we test the following research hypotheses:
First, a one-year change in work stress (a summary measure defined by
the effort-reward ratio) predicts a two-year change in hair cortisol
concentration (HCC), after adjustment for relevant confounders. Due to
the inconclusiveness of previous results and hypothesis (e.g. Eddy et al.,
2018; Miller et al., 2007), no hypothesis concerning the direction of
change (direct or inverse) was formulated. Secondly, hypothesis 1 holds
equally true for each single component of the work stress model (with
high effort, and high over-commitment pointing to the same direction
of association as the ratio measure, discriminative to high reward).

2. Materials and methods
2.1. Study population

This report is based on data from the ongoing Dresden Burnout
Study (DBS; Penz et al., 2018b), a large-scale prospective cohort study
assessing health-related risk factors of work stress. The DBS has been
developed in accordance with the Declaration of Helsinki, and has been
approved by the local ethics committee of the University of Dresden
(project number: EK 236062014). The study population includes a
nation-wide online sample, providing questionnaire data in annual
study waves, and a sub sample of participants living in or near the city
of Dresden that was recruited to additionally participate in laboratory
research, collecting a set of biomarkers (see below). This report is es-
sentially based on this sub sample (N = 150), but descriptive char-
acteristics of the overall online sample (including all participants who
provided an ERI measure at baseline and follow up) are reported in
addition (N = 1375). Table 1 provides demographics and job
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Table 1
Sample characteristics for baseline online and laboratory sample.

baseline

online (N = 1375) laboratory (N = 150)

M (SD) Range M (SD) Range

demographics
age (years) 43.4 18.0 — 42.4 23.0 -
(10.7) 68.0 (11.1) 64.0
female (%) 65.1
body mass index (kg/m?) 25.7 (4.9) 13.1- 25.0 (4.6) 17.7 -
45.0 40.9
underweight (%; 1.5 1.3
BMI < 18.5)
normal (%; BMI 18.5-24.9) 51.1 59.7
overweight (%; BMI 25.0 — 30.1 25.5
29.9)
obesity (%; BMI = 30) 17.3 13.4
university degree (%) 38.8 40.0
psychological health factors
MBI-GS sum score 2.4 (1.2) 0.1-5.7 2.4 (1.1) 0.2-5.2
< 1.49 (%) 26.6 25.3
1.50 - 3.49 (%) 54.1 58.0
= 3.5 (%) 19.3 16.7
EE 3.1 (1.6) 0.0-6.0 3.1 (1.6) 0.0-6.0
Cy 2.2 (1.5) 0.0 - 6.0 2.1 (1.5) 0.0 - 6.0
rE 1.6 (1.1) 0.0 - 6.0 1.6 (1.2) 0.0 - 6.0
PHQ-9 sum score 8.8 (5.5) 0.0-27.0 8.6(5.2) 0.0 - 23.0
< 15 (%) 84.0 86.0
= 15 (%) 16.0 14.0
LSC-R sum score (N = 80) - - 4.3 (4.0) 0.0 - 15.0
=5 (%) - - 61.3
= 6 (%) - - 38.7
CTQ sum score (N = 79) - - 27.4 14.0 -
(10.5) 55.0
emotional abuse - - 4.1 (4.3) 0.0 -17.0
physical abuse - - 1.0 (1.8) 0.0 -17.0
sexual abuse - - 0.8 (2.2) 0.0 -13.0
emotional neglect - - 15.9 (3.9) 10.0 -
24.0
physical neglect - - 5.5(2.1) 4.0 - 15.0
job characteristics
working hours 39.4 5.0-65.0 38.8 2.0 - 60.0
(10.3) (10.0)
side job (%) 16.6 13.1
shiftwork (%) 14.1 10.1
main earner (%) 61.8 54.7
years in current job 9.4 (8.8) 0.0-42.0 9.5(9.1) 0.5-40
income (netto/month)
< 1500 26.6 34.0
1500-2000 21.5 28.0
2000-3000 31.6 27.3
3000-4000 11.9 6.0
> 4000 8.4 4.7
cortisol
HCC baseline (N = 150; pg/ - - 14.0 0.4 -60.3
mg) 2.5)
HCC first follow up (N = 83) - - 7.9 (6.7) 0.1 - 30.0
HCC second follow up - - 10.0 (8.3) 2.2-35.4

(N =95)

Note. Standard deviations are in parentheses. MBI-GS = Maslach Burnout
Inventory-General Survey, EE = emotional exhaustion, Cy = cynicism,
rE = reduced efficacy, PHQ = Patient Health Questionnaire, LSC-R = Life
Stressor Checklist revised, CTQ = Childhood Trauma Questionnaire,
HCC = hair cortisol concentrations.

characteristics for both samples. To give a profound overview of the
study sample, estimates of psychological health and well-being are
additionally included in Table 1, but were not part of our analyses.

The study started in 2015, inviting volunteers to participate, pro-
vided they were aged between 18 and 68 years and were sufficiently
fluent in German language (more details of the study protocol are given
elsewhere; Penz et al., 2018b).

Besides the general DBS study criteria concerning age and language,
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Fig. 1. (a) Sample recruitment and selection procedure (b) Data collection scheme for ERI and HCC.

Note. ERI = effort-reward imbalance; HCC = hair cortisol concentrations.
to = baseline; t; = 1. follow up; t; = 2. follow up.

Note. A ERI = ERlfgjiow up — ERIpaseline: A HCC1year = HCCyy — HCCio; A HCCyyears = HCCip — HCCy.

inclusion to the current sub sample was based on online pre-selection.
Participants were included if they registered via the study homepage
(www.dresden-burnout-study.de) and provided ERI measurements at
online baseline and follow up assessment. Further, it was obligatory to
participate in the baseline laboratory assessment of biomarkers. Fig. 1a
and b give an overview of the timetable (Fig. 1a) and the recruitment
and selection procedure (Fig. 1b).

2.2. Measurements

2.2.1. Work stress

ERI was measured with the standardized 16-item short version
(Siegrist et al., 2009). It is composed by the two extrinsic scales ‘effort’
(3 items) and ‘reward’ (7 items, including esteem, job security, and job
promotion), and by the intrinsic scale ‘over-commitment’ (6 items). All
items are answered on a 4-point Likert-scale (1 = strongly agree, 2 =
agree, 3 = disagree, 4 = strongly disagree). Sum scores are computed
for each scale, where high scores indicate high ‘effort’, high ‘reward’,
and high ‘over-commitment’. In line with the theoretical assumption
that the imbalance between high effort and low reward matters most,
the construction of an ‘effort-reward ratio’ has been proposed in addi-
tion to the single scales. This ratio (ERI) quantifies the mismatch be-
tween effort (nominator) and reward (denominator), adjusted for un-
equal number of items, at individual level (Siegrist and Wahrendorf,
2016). The short ERI version has been used in many epidemiologic and
experimental studies. Its scales provide satisfactory internal con-
sistency, and the factorial validity has been repeatedly confirmed by
structural equation modelling in studies, among others, from France
(Siegrist et al., 2018), Germany (Li et al., 2012), and Italy (Magnavita
et al., 2012). Moreover, these studies supported the criterion validity of
the scales, given consistent associations with selected health indicators.

2.2.2. Hair cortisol concentrations

At each laboratory visit, hair strains were cut as close as possible to
the scalp from the posterior vertex position, provided that hair length
did not undercut 3 cm. Hair cortisol concentrations (HCC) were

provided from the 3 cm most proximal to the scalp. Due to the average
hair growth of 1 cm per month (Wennig, 2000) this reflects a measure
of cumulative cortisol secretion for the period of 3 months prior to
sampling (Stalder and Kirschbaum, 2012). Washing procedure and
cortisol extraction were conducted in accordance with the laboratory
protocol by Gao et al. (2013). All samples were analysed by liquid
chromatography coupled with tandem mass spectrometry (LC-MS/MS).

The DBS study design provides for an ongoing recruitment and open
study pool. As a consequence, participants of the present sub sample
registered and provided baseline measurements (e.g. ERIp,scline) With an
inter-individual variation of several months (January to August 2015;
Fig. 1b). Independent of the moment of study registration, all partici-
pants were re-invited for the online follow up assessment in July 2017
and were provided with a timeframe of several weeks to participate. To
decrease the influence of seasonal effects on cortisol concentrations
(Spiga et al., 2014), laboratory assessments were conducted yearly in
autumn and winter. Due to this reason, there is also inter-individual
variation in the time intervals between online and laboratory assess-
ments. To reduce the possibility of systematic effects due to these time
variations, all statistical models were adjusted by the variable “time
interval”. The variable represents the distance between online baseline
and follow up assessment, which further defines the amount of distance
between online and laboratory assessments (‘time interval” = date
E:leollow up date ERIbaseline)~

2.3. Data processing and statistical analyses

Logarithmic transformations were performed for ERI,seline and
ERIfo10w up- Consequently, the change value between baseline and
follow up was calculated based on the log-transformed values [A
ERI = log(ERI110w up) — 10g(ERIpaseline)]. Notably, the three individual
scales (‘effort’, ‘reward’, and ‘over-commitment’) were used for analyses
in their original categorical format.

HCC were log-transformed to provide a normal distribution and
outliers were excluded, defined as above or below 3 standard deviations
from the mean of the log-scaled outcome. 5 values (3.3%) had to be
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excluded for laboratory baseline, 1 (0.7%) for the first and 3 (2%) for
the second follow up. A change score was calculated for HCC, analogous
to the change in ERI.

According to our hypothesis, we analysed associations between a
summary measure of stressful work [A ERI = log(ERIguow up) — l0g
(ERIpaseline)] and a summary measure of prospective change in HCC (A
HCCayears = HCCyz — HCCyo; see Fig. 1). In addition, associations with
the subsequent HCC,, measure were analysed. While these calculations
were essential for our hypothesis, additional combinations of relation-
ships between all available work stress and HCC measures as well as
analyses including the moderator ERI*OC were explored and docu-
mented (see supplement).

All analyses were conducted by using SPSS Statistics 25 (SPSS Inc.,
IL, USA).

2.3.1. Primary analyses

As mentioned, our main analyses assessed the associations between
A ERI and A HCCyyears as well as the associations between A ERI and
HCC,. Sequential multiple regression analyses were conducted to this
end. To avoid potential floor or ceiling effects, regression models were
adjusted for the baseline HCC value (HCC,o; Herr et al., 2018). All re-
gression models were adjusted for the inter-individual confounders sex,
age, and body mass index (meta-analysis: Stalder et al., 2017). Further,
two additional confounders were entered into the regression model:
“medication” (51% of participants reported regular use of medication,
including oral contraceptives, antidepressants, antihistamines, and in-
take of thyroid hormones) and “time interval” between online baseline
and follow up assessment. All confounders were entered en bloc into the
model.

Significance for main analyses was defined by the Bonferroni-cor-
rected threshold of p < a = 2.5% (two-sided) to maintain a family-wise
error rate of 5%.

2.3.2. Secondary analyses

Further, the contribution of each individual scale was analysed
analogous to the primary analyses. Instead of A ERI, A Effort, A Reward,
and A OC were computed by the same equation to estimate their pre-
dictive value towards A HCCyyears and HCC,. The same confounders
were entered en bloc to the model. Significance for secondary analyses
was defined by the Bonferroni-corrected threshold of p < a = 1.67%
(two-sided).

3. Results

Main study variables (ERI and individual scales) are reported in
Tables 2a and 2b for both samples.
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Table 2b
Main study variables for the respective study sample.

laboratory sub sample (N = 150) Cohen’s d

baseline follow up t

M (SD) Range M (SD) Range

effort 9.3(1.8) 4.0-120 89(21) 3.0-12.0 225* 0.18

reward 17.7 9.0-12.0 18.1 7.0-28.0 -1.33 0.11
(3.8) (3.8)

esteem 50(1.5) 20-80 50(.5 20-8.0 -0.10 0.01

promotion 6.8(1.9) 3.0-120 7.0(1.9) 3.0-120 -152 0.12

security 59(1.6) 20-80 6.0(1.5) 20-8.0 —1.08 0.09

ocC 15.4 6.0-24.0 14.6 6.0 -24.0 3.52** 0.29
(3.9 3.7)

ERI 1.3(0.4) 05-28 1.2(0.5) 0.3-40 1.58 0.13
=1 (%) 27.3 37.3
>1 (%) 72.7 62.7

Note. Standard deviations are in parentheses. OC = over-commitment.
ERI = effort-reward imbalance; ***p < 0.001, **p < 0.01, *p < 0.05.

3.1. Primary analyses

A ERI highly significantly predicted the change in HCC over the
period of two years (A HCCoyearss R* = 0.58, F(7,86) = 17.21,
AR? = 0.08, B = -0.28, p < 0.001) and the point measure of HCC at
second follow up (HCC,: R? = 0.30, F(7,86) = 5.15, AR?> = 0.13, B =
-0.37,p < 0.001). The reported inverse associations are displayed by
Fig. 2a and b, which exemplify the linear fit between A ERI and A
HCCZyearS/Hcct2~

3.2. Secondary analyses

A Effort did not significantly predict A HCCyyears 0r HCCy, but was
indicated as a trend in both models (A HCCoyears: R*> = 0.53, F
(7,86) = 13.78, AR> = 0.03, B = -0.16, p = 0.04; HCC;»: R> = 0.20, F
(7,86) = 3.12, AR? = 0.04, B = -0.21, p = 0.04). A Reward was sig-
nificantly associated with A HCCyyears (R*> = 0.55, F(7.86) = 14.96,
AR? = 0.05, B =0.22, p < 0.01) and with HCC, (R*=0.24, F
(7,86) = 3.82, AR? =0.08, B = 0.28, p < 0.01). By contrast, A OC
neither significantly explained variance in A HCCyyears nor in HCCio.

As shown by the supplementary material, the remaining associa-
tions support the primary and secondary results. Additionally, inverse
associations between the follow up variables ERI and effort, and the
moderator ERI*OC with HCC,, are likewise suggested.

Table 2a
Main study variables for the overall online sample.
online assessment (N = 1375) Cohen’s d
baseline follow up t
M (SD) Range M (SD) Range
effort 9.4 (1.9) 3.0-12.0 9.2 (2.1) 3.0-12.0 3.62%** 0.10
reward 17.4 (3.9) 7.0 - 28.0 18.0 (4.1) 7.0 - 28.0 —6.37** 0.17
esteem 4.8 (1.5) 2.0-8.0 4.9 (1.5) 2.0-8.0 —3.08** 0.08
promotion 6.7 (1.9) 3.0-12.0 7.0 (2.0) 3.0-12.0 —6.33** 0.17
security 5.8 (1.5) 2.0-8.0 6.0 (1.5) 2.0-8.0 —4.02%** 0.11
oC 15.9 (4.0) 6.0 - 24.0 15.0 (4.0) 6.0 - 24.0 10.08%*** 0.27
ERI 1.3 (0.5) 0.3-3.7 1.3 (0.5) 0.3-4.0 5.19%** 0.14
<1 (%) 25.7 32.3
>1 (%) 74.3 67.7

Note. Standard deviations are in parentheses. OC = over-commitment.
ERI = effort-reward imbalance; ***p < 0.001, **p < 0.01, *p < 0.05.
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Fig. 2. (a) Linear fit between A ERI and A HCCyyears (b) Linear fit between A ERI and HCC,.
Note. ERI = effort-reward imbalance; HCC = hair cortisol concentrations; A ERI = ERIfoji0w up — ERIpaseline; A HCCayears = HCCiz — HCCyy; t2 = 2. follow up.

4. Discussion

This study indicates prospective associations between a summary
measure of work stress (one-year change in effort-reward imbalance: A
ERI) and two prospective hair cortisol measures (A HCCyyears; HCCr2). A
one-year increase in ERI was predictive of a two-year decrease in HCC,
thus suggesting a blunted cortisol secretion (Fig. 2a). Furthermore, the
one-year increase in ERI was inversely associated with HCC at second
follow up (HCC;5), supporting the notion of reduced long-term cortisol
secretion (Fig. 2b). Supplementary analyses using both individual ERI
measures instead of the change score point to the same direction: high
long-term ERI is related to low prospective cortisol secretion. Con-
cerning secondary analyses referring to the sub components of the ERI
model, reward was the only measure with consistent associations with
cortisol. In line with our hypothesis, the association between reward

and HCC pointed to the opposed direction as the association between
ERI and HCC. The direct association supports the idea that low reward
represents a stressor, likewise ERI, which can lead to HPA axis altera-
tion in the long term. Contrary to our hypothesis, the change of reward
was not associated with the long-term change of HCC. Notably, addi-
tional analyses (supplement) using the individual point measures in-
stead of a change score suggest a long-term inverse association between
the subcomponent effort and HCC: Both individual and combined point
measures (effortpaeiine and effortgow up) suggested an inverse asso-
ciation with cortisol. It can therefore be speculated that not just the
ratio measure (ERI) but also the individual subcomponents (effort, re-
ward) activate a physiological stress reaction. Interestingly, neither
secondary nor supplementary analyses indicate a long-term effect of OC
on cortisol excretion.

Our main findings contradict the hypothesis of a direct association
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between level of ERI and level of cortisol secretion, that was suggested
by a recent meta-analysis (Eddy et al., 2018). However, discrepant
findings, pointing to a blunted cortisol response following exposure to
chronic work stress due to ERI, were reported as well (Bellingrath et al.,
2008; Maina et al., 2009; Siegrist et al., 1997). Generally, the current
results are difficult to compare with previous findings, for the following
reasons: As already mentioned in the introduction section, study de-
signs providing available data on the association between ERI and
cortisol secretion differ immensely. Differing to the DBS, most previous
studies focused on specific professions (e.g. call centre operators, tea-
chers), and it might be concluded that participants faced a specific
level, duration or kind of general work strain, depending on a certain
profession. Further, reported cortisol measures varied. Bellingrath et al.
(2008) for instance reported stronger cortisol suppression after dex-
amethasone application referring to HPA axis feedback sensitivity,
while Maina et al. (2009) found ERI associated with lower CAR and
daily cortisol profiles. The only prior study measuring the association
between ERI and HCC in a prospective design indicated the opposite to
our results (direct long-term association between ERI and HCC; Herr
et al., 2018). Indeed, findings were based on a small sample, a short
follow-up period, and a group of male workers with low level of work
stress (Herr et al., 2018).

As our results support the notion of blunted cortisol secretion fol-
lowing long-term exposure to work stress, the question arises of how
this finding deviating from the common pattern can be interpreted.
Importantly, a meta-analysis conducted by Miller et al. (2007) supports
the notion of a two-stage process of HPA axis activation, in case that a
stressor is prolonged for an undefined duration of months or even years.
In a first stage, increased cortisol secretion following exposure to a
stressor is observed. A long-term heightened exposure to the hormone is
then hypothesized to activate counter-regulatory mechanisms, such as
an altered biosynthesis of respective releasing factors or structural
change of its receptors (Fries et al., 2005). As a consequence, a second
stage with decreased HPA axis responsiveness and cortisol secretion
might arise and is discussed as missing link to explain inconsistent
findings in regard to cortisol and stress exposure (Rohleder, 2018;
Steudte-Schmiedgen et al., 2016).

We interpret the inverse associations between ERI and HCC in our
sample to be in line with a two-stage theory of HPA axis activation. We
therefore hypothesize that compared to studies showing the opposite
pattern of direct associations (e.g. Herr et al., 2018), our sample in
average represents a higher level of burden and chronification. The
long-term suffering from failed reciprocity at work might have caused
long-term over-activation of the HPA axis, challenging receptor sensi-
tivity and feedback regulation, leading to the consequence of an overall
blunted cortisol excretion.

5. Study limitations

Although the reported results are based on sound statistics and
adjusted for potential confounders, our study shows some shortcomings
and limitations. First, the sample is characterised by a rather high level
of imbalance between effort and reward, compared to other populations
(e.g. Hoven et al., 2015; Jood et al., 2018; Wege et al., 2018). It is
therefore likely that participants were susceptible to blunted cortisol
responses due to longer-term exposure to stressful experience. More-
over, we cannot exclude a sample selection bias over time, such that
highly stressed participants were more likely to complete all online and
laboratory assessments. Neither can we exclude a potential moderator
effect of other prior and/or co-occurring life stressors (Table 1). Second,
the majority of participants were women, due to the fact that the re-
quested hair length for HCC assessment was available to a lower extent
among men than among women. Therefore, generalization of our
findings to both sexes is limited. In this regard it has to be mentioned
that the use of contraceptives was assessed only based on an overall
medication estimate (Do you regularly take medicine?’, if yes: “which
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one?”). Even if the longitudinal design perfectly controls for inter-in-
dividual confounders, results are not ideally adjusted for the variation
explained by the use of contraceptives or regular medication. Third, as
mentioned, due to the recruitment strategy of the DBS (Penz et al.,
2018b) our data collection implies high inter-individual variation of
time intervals between online and laboratory assessments (e.g. view
days up to several months between ERI and HCC assessment). Even if
we minimized potential bias by statistical adjustment for these differ-
ences, we cannot preclude a systematic effect caused by these differ-
ences.

A further limitation concerns the lack of conclusive evidence sup-
porting the two-stage process of HPA axis activation. Even if the theory
is supported by meta-analytic findings (Miller et al., 2007), longitudinal
data assessing a stress-guided switch from one phase to another is so far
missing. Our supplementary analyses indirectly support such a switch,
by suggesting a long-term change from “no association” towards inverse
associations between the stressor and HCC. Certainly, there is no evi-
dence for a preceding state of direct association, as suggested by the
theory.

Last but not least, the notion of a blunted cortisol secretion fol-
lowing a work-related stressor (ERI) might appear contrary to a direct
association between burnout and HCC related to the same laboratory
baseline assessment (reported in Penz et al., 2018a). We interpret this
discrepancy to be due to the assessments of two theoretically related
but different concepts with restricted comparability (various additional
antecedents of burnout except ERI are conceivable). Another inter-
pretation is based on a two-stage process of HPA axis activation, where
HPA axis over-activation due to an aversive work situation changes into
blunted cortisol excretion at a later stage of stress chronification. Such a
process was already reported and discussed by Fernandez-Sanchez et al.
(2018) for different levels of burnout.

6. Conclusions

In conclusion, this study revealed strong prospective associations of
chronic work stress, as measured by effort-reward imbalance, with a
summary measure of cortisol (HCC). The inverse associations suggest a
blunted cortisol secretion in response to longer-term exposure to
stressful work. If supported by future research, this finding may con-
tribute to an improved identification and protection of persons sus-
ceptible to stress-related physiological dysregulation and its potential
adverse effects on health.
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