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dDepartment of Psychology, The Ohio State University, Columbus, USA

Abstract

Introduction: Burnout symptomatology is associated with various negative health consequences;
however, the mechanisms underlying these associations remain unclear. One potential pathway
involves alterations in the acute stress response. The aims of the present study were to examine
burnout-associated alterations in stress-reactivity patterns, during a standardized social stressor
compared to a control condition, as well as to examine whether effects associated with greater
burnout symptomatology were distinct from other, conceptually overlapping indicators of chronic
stress (i.e. depressive symptomatology and elevated hair cortisol concentration [HCC]).

Materials and methods: In a randomized two-factor design a total of 70 employed males with
varying burnout symptoms but without evidence of physical or psychiatric disease were exposed to
the Trier Social Stress Test for Groups (TSST-G) or a non-stressful control condition. Acute stress
reactivity was assessed using self-report stress measures and non-invasive biomarkers.
Associations among acute stress reactivity, burnout and depressive symptoms (assessed with self-
report measures), as well as HCC were analysed using repeated measure ANCOVASs and
moderation analysis.

Results: Burnout symptomatology was associated with elevated stress perception independent of
the experimental condition. In addition, depressive symptomatology was associated with enhanced
anticipatory appraisal, whereas HCC was not related to any subjective stress measure. On a
physiological level, burnout and depressive symptomatology, as well as HCC were associated with
a pattern of blunted cardiovascular reactivity, however the timing of this effect varied.

Conclusion: Our results indicate burnout-associated modulations in stress reactivity, which
diverge, at least partly, from other indicators of chronic stress.
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1. Introduction

Recent research suggests growing incidence rates of burnout in western and developing
countries with one estimate indicating a life-time prevalence of burnout at 4.2% (Maske et
al., 2016). Despite this work, there have been no large epidemiological studies which may
allow for more accurate prevalence estimates of burnout owing primarily to the fact that no
universally accepted definition of burnout has yet been established. Descriptions of burnout
as a state of emotional exhaustion (EE), cynicism (CY), and reduced personal
accomplishment (PEr) associated with chronic stress at work, appear to be the common
denominator of current scientific conceptualizations. In the absence of comprehensive
epidemiological data, the existing preliminary evidence for an increasing prevalence of
burnout is nonetheless alarming, given growing evidence of associations between burnout
and cardiovascular disease (CVD | Toker et al., 2012), the leading cause of morbidity and
mortality in western countries (Lim et al., 2013).

One pathway through which burnout symptoms have been proposed to contribute to
heightened CVD risk is by altering the acute stress response. However, results of the four
published studies examining potential modulation effects of burnout on reactivity to an acute
psychosocial stressor have been inconclusive (de Vente et al., 2015, 2003; Jénsson et al.,
2015; Lennartsson et al., 2015a, b), which may be due to differences in burnout
operationalization and symptom severity across studies. Most of these studies focused on
physiological stress reactivity, namely the hypothalamic-pituitary-adrenal (HPA) axis
(mainly salivary cortisol) and the autonomic nervous system (ANS; mainly salivary alpha-
amylase [SAA], heart rate [HR], heart rate variability [HRV]). With respect to the HPA axis,
there is evidence for burnout-related reductions in HPA responsiveness (de Vente et al.,
2015; Jonsson et al., 2015; Lennartsson et al., 2015a, b). Yet, other studies have failed to
replicate these effects (de Vente et al., 2003; Jonsson et al., 2015). Regarding the ANS, there
is some evidence that burnout modulates basal cardiovascular and humoral functioning (de
Vente et al., 2015, 2003), however, none of the previous studies found associations of
burnout with modulations in autonomic stress reactivity (de Vente et al., 2015, 2003;
Jonsson et al., 2015). Mirroring a general tendency in stress research (Campbell and Ehlert,
2012), compared to physiological processes, less attention has been paid to the effects of
burnout symptomatology on subjective emotional stress experiences. The few existing
studies have found burnout symptoms to be associated with elevated baseline levels of
subjective stress markers (de Vente et al., 2003; Jonsoon et al., 2015), but not with
psychological stress reactivity (de Vente et al., 2015, 2003; Jonsoon et al., 2015).

In addition to the identification of burnout-associated modulations of acute stress reactivity,
the examination of their discriminability from other consequences of chronic stress remains
a critical endeavour.
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On the one hand, empirical evidence of differences in modulations of stress reactivity
patterns between burnout and depressive symptoms seem to be particularly important
(review: Bianchi et al., 2015). While the large overlap between burnout and depressive
symptomatology is uncontroversial (Bianchi et al., 2015), previous studies suggest the
existence of biological parameters potentially able to differentiate between the two concepts
(Bakusic et al., 2017). Beyond others, differences with regard to HPA parameters
(Mommersteeg et al., 2006), several markers of immune function (Grossi et al., 2003; Toker
et al., 2005), and DNA methylation (Bakusic et al., 2017; Toker et al., 2005) have been
suggested.

To date, no studies have attempted to characterize differences in stress reactivity profile as a
function of burnout and depression. Despite a tremendous literature, the question regarding
specific reactivity patterns associated with depressive symptomatology itself remains
unanswered. With respect to both, HPA axis and ANS reactivity, depressive symptoms have
been linked to exaggerated (Kibler and Ma, 2004), blunted (Hamilton and Alloy, 2016; Zorn
et al., 2016), and undifferentiated (Ciufolini et al., 2014) stress responses. Findings of
depression-linked differences in psychological stress reactivity also have been inconclusive,
with some evidence for an increased perception of stress associated with depressive
symptoms (de Rooij et al., 2010; Ehrenthal et al., 2010), and a number of studies which
failed to find any associations between depression and stress perception (Wang et al., 2016;
Weinstein et al., 2010). Besides variations in sample compositions (e.g., sex and age),
differences regarding depression operationalization between these studies appear to be the
most relevant factor to explain the inconsistency, as previous research suggest that
depressive symptoms differ in their effects on stress-relevant biological systems (review:
Fried and Nesse, 2015). Interestingly, it is the depressive symptomatic with the largest
overlap with the core symptom of burnout (i.e., exhaustion) that has been most consistently
associated with modulations of stress-relevant biological systems (review: Bassett et al.,
2016; Kemp et al., 2010). Therefore, research on the potential of stress reactivity patterns for
the discriminability between burnout and depressive symptoms should consider the burnout
sub-dimensions.

On the other hand, the consideration of an objective measurable, stable trait-like biological
marker of chronic stress, namely hair cortisol concentration (HCC | Russell et al., 2012;
Stalder and Kirschbaum, 2012), appears to be particularly relevant in order to differentiate
burnout-specific modulations from general chronic-stress associated changes in stress
reactivity. Despite the theoretically justifiable assumption of an association between HCC,
with both depression and burnout symptoms due to their link to chronic stress, empirical
findings supporting these associations are scarce. With respect to burnout, the only existing
study revealed elevated HCC in individuals with severe burnout symptomatology (Penz et
al., 2017). Regarding depressive symptoms, results are inconsistent, with two studies
reporting increased HCC (Dettenborn et al., 2012; Wei et al., 2015), two studies revealing
reduced HCC (Gerber et al., 2013; Steudte-Schmiedgen et al., 2017), and three studies
(Herane-Vives et al., 2018; Hinkelmann et al., 2013; Janssens et al., 2017), as well as a
recently published meta-analysis (Stalder et al., 2017), which did not find any significant
associations between HCC and depression.

Psychoneuroendocrinology. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wekenborg et al.

Page 4

In summary, previous research suggests burnout-associated modulations of acute stress
reactivity. However, no previous studies included a control condition, employed a range of
psychological and physiological acute stress markers or attempted to differentiate between
patterns of reactivity attributable to burnout compared to other consequences of chronic
stress. In addition, the four existing studies on burnout-associated modulations in reactivity
to a standardized stress protocol relied on a dichotomous burnout operationalization in the
absence of empirically-validated cut-off values (de Vente et al., 2015, 2003; J6nsoon et al.,
2015; Lennartsson et al., 2015a, b), with three of them including individuals on sickness
absence (de Vente et al., 2015, 2003; Lennartsson et al., 20153, b). Especially the latter
further limits the validity of the revealed results, as certain characteristics of sick leave and
hospitalization (e.g., a lack of everyday life obligations, a constant confrontation with the
own disease etc.) are very likely to influence relevant psychological and physiological
processes.

To begin to address these gaps in research, the present study examined whether burnout
symptoms were associated with alterations in the acute stress response during a standardized
social stressor compared to a control condition using a variety of physiological (salivary
cortisol, SAA, HR, HRV), and psychological stress indices, in a sample of healthy, employed
male participants. In addition, we investigated communalities and differences regarding
these modulations between different burnout symptoms (sum-score, EE, CY, and PEr), and
other conceptually related indicators of chronic stress (i.e., depressive symptoms and HCC).
With respect to depressive symptoms, the focus of the present study on a non-clinical
population increases the possibility to reveal relevant differences as previous research
indicates that burnout-depression overlap enlarges with increasing symptom severity (Ahola
etal., 2005).

2. Material and methods

2.1. Subjects

Seventy-one healthy, employed male participants between 22 and 67 years of age with
varying severity of burnout symptoms were recruited, both from the Dresden Burnout Study
(a large-scale longitudinal study designed to investigate the pathogenesis and course of
burnout, detailed description see Penz et al., 2018), as well as out of the general population
via newspaper advertisements, flyers and social media. Online self-report screenings were
used to assess study eligibility. Exclusion criteria included age below 18, no professional
occupation (less than 20 h/week), chronic or acute psychiatric or medical illness, regular
medication intake, abuse of drugs or alcohol, or smoking more than five cigarettes per day.
Moreover, participants were required to be naive to the Trier Social Stress Test (TSST) and
similar stress paradigms, as psychosocial stress was induced by the Trier Social Stress Test
for Groups (TSST-G | von Dawans et al., 2011). One participant was excluded from analyses
because his number of working hours did not meet the inclusion criteria. The final analytic
sample (mean age = 38.49 years; SD = 11.39) included 70 participants.l The study protocol
was approved by the ethics committee of the TU Dresden and conducted in accordance with

1HR data for single experimental intervals were not analysable for 4 participants due to poor data quality and randomly occurring
artefacts. Visual analogue scale data was missing for 2 participants. Hair samples were collected for 37 participants’ only, as the other

Psychoneuroendocrinology. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wekenborg et al.

Page 5

the Declaration of Helsinki. All participants gave written informed consent and received
between 15 and 25 € with final compensation depending on their performance during a
social-interaction paradigm (SIP | adapted from von Dawans et al., 2012; data not presented
here).

2.2. Protocol

Participants were randomly assigned to either a stress condition (TSST-G; n=35) or a
specific control condition (7= 35| von Dawans et al., 2011), using a random number
generator. One week before the experiment, participants completed an online questionnaire
assessing burnout and depressive symptomatology, respectively. Participants were told to
refrain from drinking alcohol, smoking, and medication intake 24 h before the study session.
They were told to eat standard meals on the day of participation and then abstain from food
two hours prior to the session. The 2.5-hr session took place between 5:00pm and 7:30pm in
order to account for diurnal variations in cortisol (Kirschbaum and Hellhammer, 1994).

Since we were interested in a comprehensive understanding of the modulations of
psychobiological acute stress reactivity, we chose a broad range of stress-related markers of
the HPA axis (salivary cortisol), the ANS (sAA, HR, HRV), and subjective ratings of acute
stress perception. A timeline of the experimental procedure is depicted in Fig. 1. On arrival
at the laboratory, participants were seated in the waiting room and were not allowed to
communicate with each other. After reading and signing informed-consent forms,
participants were introduced to the saliva-sampling method and were each provided with a
heart rate device (Polar RS800TM, Polar Electro, OY, Kempele, Finland). Baseline measures
of HR, vagally-mediated HRV (vmHRYV), salivary cortisol, SAA, and psychometric variables
were then taken ( — 40min; i.e. before instruction for the stress task) with additional
measurements taken throughout the experiment (detailed below and in Fig. 1).

Participants were then provided with the instructions for the TSST-G or a specific control
condition and had 6 min to prepare for the mock job interview/group reading. Afterwards,
they were guided to the test room, where they received a summary of the procedure.

The TSST-G condition included a mock job interview (tsst1) and a mental arithmetic task
(tsst2), whereas the control condition comprised reading in a low voice (tsst1) and
enumerating a series of numbers in a low voice (tsst2) (Fig. 1). In both conditions,
individuals had to perform in front of a panel of two individuals in groups of six participants,
whereas the panel was evaluative only in the TSST-G condition in order to induce stress. A
detailed description of the TSST-G and the control condition is provided elsewhere (von
Dawans et al., 2011). Independent of assignment to the TSST-G vs. control group,
individuals participated in a SIP, which consisted of two sets and was conducted as a part of
the larger study, without relevance for the present research question (SIP1 after tsstl; SIP2
after tsst2).

participants did not have 3 cm hair length. All statistical analyses were conducted without elimination of outliers (values > 2 SD of
group means), as reported findings were the same regardless of whether outliers were excluded or not.
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The exact sequence of tasks were as follows: either public-speaking task (TSST-G) or
simultaneous group reading of a popular scientific text in a low voice (control condition) (12
min; tsstl), first set of the aforementioned SIP (5 min; SIP1), either mental-arithmetic task
(TSST-G) or an easy counting task (control condition) (8 min; tsst2), second set of the SIP
(5 min; SIP2). After SIP2, the group was guided back to the waiting room, where additional
salivary samples and subjective stress measurements were taken. At the end of the study

(+ 85 min after onset of stressor), participants were debriefed and received their
reimbursement individually.

2.3. Endocrine and autonomic stress response measures

Saliva samples were collected at eight time points during the stress protocol: baseline
(-40min; i.e. before instruction for the stress/control task), immediately before the onset of
the speaking/reading out task (-1 min), after the speaking/reading out task ( + 12 min), after
the mental arithmetic task/easy counting ( + 25), and then after another 10, 10, 15, and 25
min to cover the cortisol and SAA response recovery phase using a commercially available
sampling device (Salivette, Sarstedt, Nurmbrecht, Germany). After each experimental
session, samples were stored at —20 °C. For biochemical analyses of salivary cortisol and
SAA concentration, salivary samples were spun at 3000 x g for 10 min to obtain 05.—-1.0ml
of clear saliva with low viscosity. Salivary cortisol and SAA concentrations were determined
by commercially available chemiluminescence immunoassay (CLIA; IBL, Hamburg,
Germany). Inter- and intrassay coefficients of variation were both < 8%.

Autonomic stress levels were assessed by recording of continuous heart rate (beat-to-beat)
intervals at a sampling frequency of 1000 hz, using a wireless chest transmitter and a wrist
monitor recorder (Polar RS800CX, Polar Electro OY, Kempele, Finland). We restricted our
HR and vmHRV analyses to the data collected during (1) a 6 min standing baseline (=50
min), (2) a 6min preparation phase (—14min), (3) a 30 min acute stress/control condition
phase including the aforementioned SIP ( + 0 min) (see Fig. 1). Data was then transferred to
the Polar Precision Performance Software (Polar Elector OY, Kempele, Finland) and
exported as raw beat-to-beat data for further analyses. The raw beat-to-beat data for
determination of vmHRV was processed according to the guidelines of the Task Force of the
European Society of Cardiology and the North American Society of Pacing and
Electrophysiology (1996) using the Kubios HRV package (Tarvainen et al., 2009). In a first
step, data were detrended using a smoothness priors algorithm implemented in the Kubios
HRV package and visually inspected for abnormal or biologically implausible beats and
adjusted or directly excluded. In a second step, the root mean square of successive
differences of R-R intervals (RMSSD) and HR were calculated for each period from 2 min
of continuous data during standing baseline (total duration: 6 min = 3 intervals), preparation
(total duration: 6 min = 3 intervals), and the acute stressor/control condition episode (total
duration: 30 min = 15 intervals). 2 min of HR data has been shown to be sufficient to
provide reliable estimates and to correlate highly with 5 min recordings (de Rivecourt et al.,
2008; Schroeder et al., 2004). RMSSD was used to operationalize vmHRYV as it is an
approved short-term measure reflecting vagal cardiac influence and has been shown to be
less affected by breathing patterns and therefore more robust than other vmHRYV indices

Psychoneuroendocrinology. Author manuscript; available in PMC 2020 August 01.
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(Hill et al., 2009; Task Force, 1996). RMSSD values were not normally distributed, thus a
log transformation was applied to reduce skewness.

2.4. Psychological stress responses and psychometric measures

In order to quantify subjectively perceived levels of stress, subjects rated tension, anxiety,
physical discomfort, avoidance (desire to leave the situation), emotional arousal, and
feelings of control using a visual analogue scale (VAS) ranging from 0 (not at all) to 10
(maximum) (von Dawans et al., 2011) at baseline (—40min), after introduction of the TSST-
G/control tasks (=15 min), before the TSST-G/control tasks (-1 min), after the speaking
task/group reading ( + 12 min), after the mental arithmetic task/easy counting ( + 25 min),
and repeatedly after the TSST-G/control tasks to span the recovery period ( + 35, +45, + 60,
+ 85 min relative to speaking task/group reading). All six VAS scales were aggregated to one
mean value for each participant (with the feeling of control scale reverse-coded) in order to
operationalize subjective stress (VAS mean stress rating). Anticipatory cognitive stress
appraisal was measured after preparation (— 5 min) using the German version of the
“Primary Appraisal - Secondary Appraisal” scale (PASA; Gaab et al., 2005). The
questionnaire consists of 16 items and was developed in accordance with the model of
Lazarus and Folkman (1984). It assesses four anticipatory cognitive appraisal processes:
“threat”, “challenge”, “self-concept of own abilities”, and “control expectancy”. Each scale
of the PASA comprised four items with a 6-point scale ranging from “strongly disagree” to
“strongly agree”. Three secondary subscales can be computed: primary appraisal = threat +
challenge; secondary appraisal = self-concept of own ability + control expectancy; stress
index = primary appraisal - secondary appraisal.

Indicators of chronic stress

2.5.1. Burnout symptoms—Burnout symptoms were assessed using the German
version (MBI-GS-D; Biissing and Glaser, 1999) of the Mas/ach Burnout Inventory-General
Survey (MBI-GS; Schaufeli et al., 1996), the most frequently used burnout measure in the
field. The 16 items of the MBI-GS are rated on a 7-point Likert scale (O = never, 6 = daily)
to form three subscales (EE, CY, PEr). The weighted MBI-GS sum-score ([0.4*EE

+ 0.3*CY + 0.3*PEr]), introduced by Kalimo et al. (2003), and its three burnout sub-
dimensions were used as continuous variables and analyzed separately, as they have been
shown to depict high multicollinearity.

2.5.2. Depressive symptoms—Depressive symptoms were measured with the German
version (PHQ-9-D; Lowe et al., 2002) of the Patient Health Questionnaire (PHQ-9; Kroenke
et al., 2001). The PHQ-9 consists of nine items, which quantify the frequency, over the last
two weeks, of each of the nine diagnostic criteria for a depressive disorder of the Diagnostic
and Statistical Manual of Mental Disorders (4th ed., text rev.; DSM-IV-TR; American
Psychiatric Association, 2000). The items are scored on a 4-point ranking scale (0 = not at
all, 3 = nearly every day) and summed to form a continuous variable (PHQ-9 sum-score),
with higher scores representing more depressive symptoms.

2.5.3. Hair cortisol analysis—In order to measure hair cortisol we took hair strands
(~3 mm diameter) scalp-near from a posterior vertex position. HCC was measured in the
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proximal 3-cm hair segment reflecting integrated cortisol secretion over the 3 month-period
prior to hair sampling (Stalder and Kirschbaum, 2012). HCC was determined by liquid
chromatography coupled with tandem mass spectrometry. Detailed information on the
analytical protocol is provided elsewhere (Gao et al., 2013).

2.6. Statistical analysis

One-way analysis of variance (ANOVA) was employed to assess whether the TSST-G and
control groups differed in terms of baseline levels of acute psychological and physiological
stress markers, HCC, burnout or depressive symptoms. Repeated measures ANCOVAS were
employed to evaluate the effectiveness of the stress induction in eliciting changes in salivary
cortisol, SAA, HR, vmHRYV, and subjective stress (VAS mean stress rating). The factors in
these analyses were condition (TSST-G, control) and time (repeated factor; 7 for salivary
cortisol and SAAZ; 6 for HR and vmHRV3; 9 for VAS mean stress rating). Whenever
Mauchly’s sphericity test determined heterogeneity of covariance, Greenhouse-Geisser
corrected values and associated epsilon (e) values for ANOVA tests were reported. As they
were only sampled once, the influence of condition on the PASA scales was analyzed using
MANCOVA with condition as a between groups factor.

In order to examine our primary research question of potential associations between burnout
symptoms and psychological and physiological markers of acute stress, we applied a two-
step procedure. In a first step, to test for potential main effects, salivary cortisol, SAA, HR,
vmHRY, as well as VAS mean stress ratings were analyzed using the aforementioned one-
way analyses of covariance (ANCOVAS) with repeated measures including the MBI-GS
sum-score as the covariate. In addition, the PASA scales were analyzed using one-factor
MANCOVA. In a second step, to examine whether burnout symptomatology moderated the
association between condition and stress reactivity, separate moderator analyses were
conducted, with condition as predictor and the MBI-GS sum-score as moderator. For saliva
cortisol, SAA, and VAS mean stress ratings, areas under the curves with respect to ground
(AUCq) were calculated with the trapezoid formula, which allows an aggregated sensitive
measure of physiological and psychological changes over time (Pruessner et al., 2003), and
used as dependent variables. Analysis of area under the curve with respect to increase
(AUCI) were virtually identically and therefore not included in the present manuscript.
Because of the reduced response latency, with respect to HR and vmHRYV, averages of these
parameters for specific study tasks/periods (standing baseline, preparation, tsstl, tsst2) were
used as dependent variables. In order to examine our second research question regarding
communalities and differences in stress reactivity patterns between burnout symptoms and
other consequences of chronic stress, we applied the same previously described two-step
procedure for the PHQ-9 sum-score (overlap and differences with depressive symptoms) and
HCC (overlap and differences with chronic stress in general), as well as for the burnout sub-
dimensions (i.e., EE, CY, PEr). As age has been shown to be associated with alterations in
both acute and chronic stress all analyses controlled for age.# Effect sizes are reported as
npz, for ANOVAs. All statistical analyses were performed using IBM SPSS Statistics v. 22

2The following saliva samples were used: collected immediately before the onset of the speaking task (—1min), after the speaking task
g+12 min), after the mental arithmetic task/easy counting (+25), and then after another 10, 10, 15, and 25 minute.
The following HR/VmHRV measures were included: standing baseline, preparation, tsst1, SIP1, tsst2, SIP2.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wekenborg et al. Page 9

(SPSS Inc., Chicago, IL, USA). Moderation analyses were conducted using the SPSS add-on
PROCESS version 2.15 (Hayes, 2013).

3. Results

Characteristics of the study sample are depicted in Table 1. According to cut-off values
introduced by Kalimo et al. (2003), only 8.6% of the total sample reported serious (MBI-GS
sum-score > 3.5), 67.1% reported mild, (MBI-GS sum-score 1.50-3.49), and 22.9% reported
no burnout symptoms (MBI-GS sum-score < 1.50), with MBI sum-score ranging between
0.26-4.23 in the present sample. With respect to depressive symptoms, the PHQ-9 sum-
scores ranged between 0 and 18. According to the cut-off values introduced by Kroenke et
al. (2001), only 7.1% reported moderately severe (PHQ-9 sum-score 15-19), 92.9% reported
minimal to mild (PHQ-9 sum-score 0-14), and no individual reported severe depression
severity (PHQ-9 sum-score > 15). Depressive and burnout symptoms were significantly
positively correlated (/(70) = .66, p < .001), whereas HCC was not associated with either
depressive (/(37) = -0.22, p=.18), or burnout (A(37) = -0.13, p=.45) symptoms.

TSST-G and control groups did not differ in age, body mass index (BMI), burnout and
depressive symptoms, HCC, or on any acute physiological or psychological stress markers at
baseline (all p-values > .06).

3.1. Stress manipulation

As depicted in Fig. 2, significant effects of the acute stress induction of the TSST-G
compared to the control condition were found in the expected direction with respect to
salivary cortisol, SAA, HR, HRV, and VVAS mean stress ratings (significant condition X time
interactions: salivary cortisol, A6,402) = 31.22, p<.001, e =.495, np2 =.32; sAA, H&,
402) = 3.65, p=.02, e = .466, npz =.05; HR, A5, 315) = 4.47, p= .02, e = .352, npz =.07;
HRV, A5, 315) =5.15, p< .01, e=.514, npz =0.08; VAS mean stress ratings, A8, 520) =
15.12, p<.001, e= .469,1]/]2 =.19). Regarding anticipatory cognitive stress appraisal,
compared to the control group, the TSST-G group had a higher primary, and secondary
appraisal, but no differences regarding the PASA stress index (see Table 1).

3.2. Associations between the MBI-GS sum-score and psychological and physiological
acute stress markers

With respect to the psychological markers of acute stress, analyses involving VAS mean
stress ratings revealed a main effect of the MBI-GS sum-score (Table 2). The MBI-GS sum-
score was significantly positively associated with stress perception across the course of the
study, irrespective of experimental condition. However, the MBI-GS sum-score had no
significant effect on anticipatory appraisal processes, operationalized using the PASA.
Moderation analysis also did not reveal any significant interaction effects of the MBI-GS
sum-score and condition on psychological stress markers (data not presented).

4Except for analyses of potential differences of baseline levels of acute psychological and physiological stress markers, HCC, burnout
or depressive symptoms.
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With respect to physiological markers of acute stress, repeated measure ANCOVAS revealed
no main effect of the MBI-GS sum-score on any of the physiological markers of acute stress.
Moderation analysis revealed a significant interaction effect between the MBI-GS sum-score
and condition on vmHRYV during preparation (Table 3; A4,64) = 3.54; p=.01; R°=0.18; ~Z
increase due to interaction [AR2] = 0.09; £ (1,64) = 7.10; p< .01). As shown in Fig. 3A,
higher levels of the MBI-GS sum-score (M + 15D) were associated with higher vmHRV
during the preparation phase only among individuals in the TSST-G condition, but with
lower vmHRV among individuals in the control condition. No significant interaction effects
of burnout and condition emerged for any other acute physiological stress marker (i.e., HR,
salivary cortisol, SAA) or phase of the experiment (all p> .05).

3.3. Associations between depressive symptoms, HCC and psychological and
physiological acute stress markers

With respect to psychological markers of acute stress, effects of the PHQ-9 sum-score are
depicted in Table 3. In contrast to the MBI-GS sum-score, the PHQ-9 sum-score was not
associated with elevated VAS mean stress ratings, but was associated with elevated primary
appraisal and stress index, operationalized using the PASA, in anticipation of the upcoming
stress task.

With respect to physiological markers of acute stress, similar to the MBI-GS sum-score, the
PHQ-9 sum-score moderated the effect of condition on vmHRYV during preparation (H4,64)
=3.60; p=.01; RZ=0.19; RZincrease due to interaction [ARZ] = 0.09; A1,64) = 7.44; p<.
01), with higher PHQ-9 sum-score values being associated with elevated vmHRY among
individuals in the TSST-G condition, compared to controls (see Fig. 3B). There were no
other main or interaction effects of the PHQ-9 sum-score on any other psychological or
physiological marker of acute stress.

In the sub-sample, composed of individuals with sufficient hair length (n=37), associations
of HCC with psychological and physiological acute stress markers differed substantially
from those observed for burnout and depressive symptoms . There were no significant main
or moderation effects for HCC on any of the psychological markers of acute stress (see
Table 3) . With respect to physiological markers of acute stress, HCC had no main effect on
any acute stress marker, but moderated the association between condition and both, HR (F
(4.32) =5.64; p<.01; RZ=0.41; RZincrease due to interaction [AR%] = 0.13; A1,32) =
6.94; p=.01) and vmHRV (A4,32) = 2.87; p=. 04; RZ=0.26; R increase due to
interaction [AR?] = 0.10; F(1.32) = 4.49; p=. 04) during the speaking task (tsst1). Fig. 3C
displays the direction of the moderation effect for the three levels of HCC, indicating that
higher levels of HCC (defined as M +1 SD) were associated with reduced HR and enhanced
vmHRYV during stress, compared to individuals with low levels of HCC In addition, the same
moderation effect of HCC was found for HR, during the number task (tsst2: A4,31) = 5. 84;
p<.01; RZ=0 .41; RZincrease due to interaction [AR?] = 0.09; A1,31) =4 . 63; p=.04).

3.4. Exploratory analyses on the burnout sub-dimensions and acute stress reactivity

With respect to the psychological markers of acute stress, analyses involving VAS mean
stress ratings revealed that EE mirrored the significantly positive association of the MBI-GS
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sum-score with stress perception, irrespective of the experimental condition (main effect, ~
(1,64)=7.269, p< .001, np2:,11), whereas no significant main or interaction effects of PEr or
CY were revealed.

With respect to anticipatory appraisal processes, operationalized using the PASA, CY was
associated with an elevated stress index (main effect, A3,66)=5.77, p=.04, an:.07),
whereas analyses including EE or the PEr did not reveal any significant main or interaction
effects.

With respect to physiological markers of acute stress, repeated measure ANCOVAS revealed
no effect of PEr or EE on any of the biological markers. However, CY was associated with
reduced vmHRV (F~(1,57)=6.69, p= .01, npz =.11), and enhanced vmHR (F(1,57)=4.11, p
=.047, npz = .07) throughout the experimental session.

Mirroring the effect of the MBI-GS sum score, EE moderated the association between
condition and vmHRV (A4,64)=3.91; p<.01; & = 0.44; [AR]=0.10; A1,64)=7.73; p< .01)
during preparation. PEr moderated the association between condition and AUCg of sAA (F
(4,65)=1.78; p= .14; = 0.10; [AR]=0.06; A1,65)=4.61; p=.04), whereas low PEr was
associated with high AUCgs sAA and high PEr wasassociated with low AUCgof sAA. No
moderation effects where found for CY on any physiological marker of acute stress.

4. Discussion

The aim of the present study was to examine potential associations between burnout
symptoms and the psychological and physiological response to an acute psychological stress
task Beyond this, we also were interested in comparing the patterns of stress reactivity
associated with burnout symptomatology to those of other consequences of chronic stress (i
e depressive symptoms and HCC)

In line with previous research, we found significant negative associations between burnout
symptoms and vagal activity (reduced vmHRV) in the control condition during the
preparation period (de Vente et al., 2015; Kanthak et al., 2017). In the TSST-G condition,
burnout symptoms were positively associated with vagal activity This finding of burnout
symptoms being associated with a blunted anticipatory stress response is in line with a
growing body of research suggesting blunted cardiovascular reactivity in constructs partially
overlapping with burnout such as depression (de Rooij et al., 2010; Ehrenthal et al., 2010;
Phillips et al., 2011), and neuroticism (Jonassaint et al., 2009). These findings challenge the
widespread reactivity hypothesis (Chida and Steptoe, 2010), which suggests that
exaggerated physiological reactivity to stress constitutes a health risk, implicitly stating that
blunted physiological reactivity is the generally more adaptive response (Carroll et al.,
2009). Our results, however, support notions that both exaggerated and blunted
physiological stress reactions may be maladaptive and can have adverse health consequences
(Phillips et al., 2011). Beyond this, we are able to extend those previous findings by
demonstrating that measures of vagal function show a similar pattern. This finding provides
a potentially novel, though somewhat speculative, theoretical approach to explain blunted
stress reactivity patterns, by drawing on Obrist’s distinction between active and passive
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coping (Obrist, 1976). In contrast to active coping, where the individual actively tries to
mobilize energy to cope with behavioural demands by increasing sympathetic activity,
during passive coping, the individual’s feeling of lacking adequate resources to deal with the
situation is accompanied by a vagal dominance of autonomic regulation (Obrist, 1976).
Following this line of reasoning, for individuals with high burnout symptomatology the
TSST-G could have been seen as a passive coping situation, where they feel unable to cope
with the upcoming task and thus disengage, resulting in increased vagal activity, as indexed
by increased vmHRV. Individuals with low burnout symptomatology, by contrast, might
have approached the upcoming task as an active stressor, and thus remain engaged, as they
have adequate resources to cope with the challenge, which is reflected by vagal withdrawal
(lower vmHRV). This pattern is exactly what is predicted by Obrist’s active versus passive
coping model in which individuals that find themselves in a situation where they find the
task too difficult show reduced sympathetic influences on the heart and increased vagal
influences (Obrist, 1976, pgs, 95, 102, 103, and 105) whereas those that view the task as not
too easy or not too difficult show enhanced sympathetic and reduced vagal influences
(Obrist, 1976, pgs, 95 and 103). On a behavioural level, this vagal enhancement in
individuals with higher burnout symptomatology seems counterproductive given that vagal
withdrawal is an important prerequisite to mobilize sufficient energy necessary to cope with
the approaching task. However, since we did not collect data on task performance, we were
unable to test for potential differences in performance quality between individuals with high
versus low burnout symptomatology.

Our finding of a dissociation between a heightened subjective stress appraisal and a blunted
cardiovascular stress response in individuals with high burnout symptomatology is in line
with other studies examining conceptually overlapping constructs (de Rooij et al., 2010),
and supports our interpretation of the moderation effect mirroring passive vs. active coping
instead of, as previously suggested, simply originating from a reduced appraisal of stress.
The speculative nature of our interpretation, however, underscores the need for additional
research to explicitly test our hypothesis of an increased vagal tone as a result of passive
coping being responsible for blunted reactivity observable in individuals with high burnout
symptomatology, as well as in other, overlapping constructs.

In contrast to previous findings, we did not find any effect of burnout symptomatology on
saliva cortisol. A potential reason for these divergent results could be differences in burnout
severity between the studies. Burned-out participants of the previous studies were all
patients, either on sick leave (de Vente et al., 2015, 2003), ambulatory treatment
(Lennartsson et al., 20153, b), or recently recovered (Jénsoon et al., 2015) whereas the
present study sample consisted of employed individuals, indicating a certain level of
functioning. Beyond this, it might be that the vagal system is more sensitive than the HPA
system to indicate the effects of chronic stress on acute stress reactivity.

Regarding our secondary research question on the specificity of burnout-associated
reactivity patterns, we found distinctions from patterns associated with depressive symptoms
only with respect to psychological markers of acute stress, as depressive symptomatology
mirrored the moderation effects of burnout symptoms on physiological markers, discussed in
the previous section. In contrast to burnout symptoms, depressive symptoms were associated
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with a bias towards anticipatory cognitive threat and stress appraisal before the actual task
(independent of condition), but not with a generally elevated perception of stress throughout
the experiment. This finding replicates previous findings of burnout and depressive
symptoms being associated with dysfunctional, inflexible environmental perceptions (de
Rooij et al., 2010; de Vente et al., 2003; Jonsoon et al., 2015; Wekenborg et al., accepted).
Our results indicate, however, that this rigid, inflexible perception varies between the two
conditions, a finding which might explain deviations in behavioral patterns typically
associated with the respective symptomatology. Burnout symptomatology on the one hand,
has been associated with a reduced ability to retrieve oneself from stressful environments to
the point of full exhaustion (Edelwich and Brodsky, 1980) whereas depressed
symptomatology has been associated with avoidance behavior as a way of reacting to
challenges that are perceived as impossible (Gruenberg and Goldstein, 2003), as well as low
approach motivation and general pessimism (Dickson et al., 2016). Therefore, the inability
of protecting oneself from stressful environments associated with burnout symptomatology
could be due to a general tendency of the individual to perceive their environment as
stressful, independent of actual situational demands, reducing the motivation to seek for
recovery options. With respect to depressive symptoms, on the other hand, our findings
suggest that those individuals with high depressive symptoms tend to appraise specific tasks
as more threatening or stressful, independent of the actual nature of the task, resulting in the
well-known avoidance behavior associated with depressive disorders. This interpretation is,
however, very tentative. Nevertheless, our results challenge the often postulated indivisibility
of burnout and depressive symptomatology.

In order to enhance the understanding of the differences between burnout and depressive
symptomatology, we also examined the more exploratory question of whether or not specific
burnout sub-dimensions differ in their overlap with reactivity patterns associated with
depressive symptoms. With respect to markers of physiological stress reactivity, EE mirrored
the effects of depressive symptoms, whereas CY and PEr did not show any overlap. This is
in line with previous research suggesting that exhaustion is both, the burnout sub-dimension
with the largest overlap with depression (Bianchi et al., 2015), as well as a psychological
symptom which has consistently been associated with modulations of markers of acute
stress reactivity (Chida and Hamer, 2008; Kudielka et al., 2006). Given the large overlap
between depressive symptoms and EE, CY and PEr might be of special relevance in order to
further differentiate burnout and depression. Thus, the observed association between PEr and
SAA may be an important starting point for future research, as previous research suggest a
special impact of PEr on humoral markers of stress (Penz et al., 2017). The picture grows
more complicated, however, when considering our findings for the markers of acute
psychological stress, as CY and not EE mirrored the effects of depressive symptoms on
primary stress appraisal. Overall, while these exploratory analyses on the role of the burnout
sub-dimensions provide insights for further research to disentangle burnout and depressive
symptoms, in view of the large number of statistical test in this relatively small sample, the
present results should be interpreted with caution.

The associations with acute stress markers in the present study differed considerable
between subjective and objectively measured indicators of chronic stress. HCC had no
associations with any of the psychological stress markers. This finding indicates that the
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perception of acute stress is more strongly associated with subjective compared to objective
measures of consequences of chronic stress. With respect to acute physiological stress
reactivity, associations with HCC paralleled the direction of findings for depressive and
burnout symptomatology, suggesting that blunted cardiovascular reactivity during stressful
conditions may not be specific to burnout symptomatology but rather a more general effect
of chronic stress load. However, the timing of the described interaction effect differed
between the psychological stress constructs and HCC. In contrast to the former, HCC
showed its influence not during preparation but during acute stress. One potential
explanation for this difference in timing might be that burnout (\erkuil et al., 2011) and
depressive symptomatology (Nolen-Hoeksema, 1991) are, in contrast to HCC, associated
with increased perseveration, which has been described as a common pathway underlying
poor mental and physical health (Zawadzki et al., 2018; Ottaviani et al., 2016). Following
this line of reasoning, the absence of a concrete distraction such as an explicit task or a direct
interaction with anyone during preparation could have resulted in a default state of
perseverative cognition, characterized by worry and rumination; whereas, the concrete task
of the mock job interview, as well as the mathematical task may have distracted individuals
with high burnout and depressive symptomatology from perseverating. The results regarding
our second research question emphasize the advantage of including objectively measurable
indicators of chronic stress (HCC), given their differential effects on acute stress reactivity
when compared to subjectively measurable indicators of chronic stress (burnout and
depressive symptomatology).

There are also some limitations of our study to be considered. First, even though we were
able to demonstrate that the TSST-G induced acute psychological and physiological stress,
other potential influences of the deviation from the standardized TSST-G procedure due to
the introduction of the SIP (e.g. impairment of recovery) cannot be completely ruled out.
Second, in order to minimize other potential explanatory influences on stress reactivity, the
study sample included only currently employed individuals. This contributed to a restriction
of variance in clinically relevant burnout symptomatology. Taken together with the relatively
small sample size and the inclusion of males only, the results may have limited
generalizability. Third, as we used self-report measures instead of comprehensive psychiatric
diagnostic procedures we cannot completely rule out that certain subjects did not meet
inclusion criteria (i.e. psychiatric disease). Fourth, given the cross-sectional nature of the
study, no assertions can be made regarding causality.

5. Conclusions

In sum, our results indicate that burnout symptomatology is associated with modulations of
psychological and physiological markers of acute stress reactivity. The extent to which these
modulations are either causal or merely reflect reinforcement of burnout symptomatology
remains to be determined. Beyond this, our results suggest that modulations in stress
reactivity vary between subjectively and objectively measurable indicators of chronic stress
making stress reactivity patterns a valuable starting point for the ongoing search for
objective differential diagnostic biomarkers.
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A Evaluation of the Situation (VAS)
m Primary and secondary appraisal (PASA) # Hair sample collection
¥ Heart rate (-50min until +60min relativ to TSST)

@ Saliva sample (cortisol, amylase)

Fig. 1.

Sequence of events and timeline for both, TSST-G and control condition. Preparation =
preparation of job interview (TSST-G) vs. reading of a popular scientific test (control);
SIP1= social interaction paradigm, set 1 (data not reported here); SIP2 = social interaction
paradigm, set 2 (data not reported here); tsstl = mock job interview (TSST-G) vs. reading in
a low voice (control); tsst2 = serial subtraction (TSST-G) vs. enumerating series of numbers
in low voice (control). Figure adapted from von Dawans et al. (2011).
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Fig. 2.

Manipulation check. Mean levels of (A) six VAS ratings, (B) salivary cortisol, (C) salivary
alpha amylase, (D) heart rate, and (E) vagally-mediated heart rate variability before, during
and after a standardized psychosocial stressor in a group format (Trier Social Stress Test for
Groups; TSST-G) and a control condition (Control). Error bars are SE. vmHRV = vagally-
mediated heart rate variability.
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Caml TSST-G

TSST2

\ low HCC (mean - 15D)

—— mean HCC

low HCC (mean - 1SD)
e mican HCC

= = high HCC (mean + 15D) = = high HCC (mean + 1SD)

Heart rate (beats/min)

N

Control TSST-G Control TSST-G

Simple slopes of condition predicting heart rate, respectively heart rate variability during (1)
preparation for high, mean and low levels of (A) burnout symptoms, and (B) depressive
symptoms; during (2) speaking task (tsst1), and (3) number task (tsst2) for (C) hair cortisol
concentration. High levels represent M+ 1SD, mean levels represent M, low levels represent
M-1SD. HCC = hair cortisol concentration; MBI-GS = Maslach Burnout Inventory -
General Survey sum-score, burnout symptoms; PHQ-9 = Patient Health Questionnaire sum-
score, depressive symptoms; vmHRYV = vagally-mediated heart rate variability.
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Characteristics of the study sample.

Table 1

Characteristics Control TSST-G Group comparison
(N=35) (N=35)
Age (y) 40.34 (10.76)  36.63 (11.85)  A1,68) = 1.89,ns
BMI 24.64 (3.84) 24.63 (4.08) A1,68) <0.01,ns
MBI-GS 2.32(0.78) 2.11 (0.96) F(1,68) = 0.80,ns
PHQ-9 7.09 (4.18) 7.11 (4.54) A1,68) = <0.01,ns
HCC 16.28 (13.36)  20.49 (18.94)  A1,35)=0.63,ns
Salivary cortisol (baseline)  4.89 (3.20) 6.22 (7.89) A1,68) = 0.86,ns
SAA (baseline) 119.80 (77.42)  147.56 (99.35) A1,68) = 1.70,ns
HR (seated baseline) 71.04 (8.83) 73.19 (10.52) A1,68) =0.85,ns
VmHRYV (seated baseline) ~ 35.32 (29.24) 32.35 (19.55) A1,68) =0.25,ns
Mean VAS (baseline) 1.48 (1.22) 2.14 (1.61) A1,68) = 3.75,ns
PASA
Primary appraisal 2.71(0.67) 3.60 (0.87) F1,68) =22.78,s
Secondary 3.95 (0.66) 4.40 (0.72) F1,68)=7.32s
appraisal -1.24 (1.05) -0.80 (1.21) F1,68) =2.67,ns

Stress index

Page 23

Note. BMI = body mass index; HCC = hair cortisol concentration; HR = mean heart rate; MBI-GS = Maslach Burnout Inventory - General Survey

sum-score, burnout symptoms; Mean VAS = mean value of six visual analogue scales; PASA = Primary Appraisal - Secondary Appraisal

questionnaire; PHQ-9 = Patient Health Questionnaire sum-score, depressive symptoms; SAA = salivary alpha-amylase; vmHRV vagally-mediated

heart rate variability; Cells indicate mean with SD in parentheses.
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