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Objectives   Given the important role of the autonomic nervous system (ANS) in stress regulation, astonishingly 
little is known about ANS functioning in burnout, a condition arising after prolonged exposure to work-related 
stress. The current study sought to investigate ANS modulation, as indexed by vagally-mediated heart rate vari-
ability (HRV), in relation to burnout symptomatology to (i) distinguish associations between the three dimensions 
of burnout [emotional exhaustion (EE), cynicism, reduced personal accomplishment] and (ii) investigate overlap 
in associations with depressive symptomatology. 
Methods   Assessments of vagally-mediated HRV (ie, root mean square of successive differences, RMSSD) 
were conducted in a large population-based sample from the Dresden Burnout Study [N=410, mean age 42.2, 
standard deviation (SD) 11.2 years; 33.4% male]. Vagally-mediated HRV was assessed for 90 seconds during 
an emotionally-arousing situation (venipuncture, recumbent), a 335-second recumbent recovery period, and a 
335-second seated resting condition.
Results   Results from multiple linear regression analyses revealed that EE was negatively related to RMSSD dur-
ing venipuncture (ß= -0.11, P=0.03) and the seated rest (ß= -0.09, P=0.04) even after accounting for established 
ANS modulators (eg, age, body mass index). This pattern was not observed for the other dimensions of burnout. 
Exploratory analyses of depressive symptomatology further revealed that RMSSD was significantly and inversely 
associated with burnout-related symptoms but not with the core criteria of depression (eg, depressed mood). 
Conclusions   This study presents evidence for a link between exhaustion and reduced vagal function, both in 
burnout and depression, suggesting that ANS modulations may not be disorder-specific but rather a psychophysi-
ological correlate of an underlying feature shared by both conditions.

Key terms   affective disorder; chronic work stress; heart rate variability; stress; vagal function; work stress. 
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Burnout, a prolonged response to chronic work stress 
with a growing incidence in industrialized countries, 
is known to be a risk factor for cardiovascular disease 
(CVD) even when controlling for classical risk factors 
(1, 2). The exact physiological mechanism(s) underly-
ing this association are, however, still unknown. Given 
that the autonomic nervous system (ANS) is primarily 
involved in both the regulation of the cardiovascular sys-
tem and stress reactivity, this system is a promising start-
ing point for further investigation of this mechanism(s).

The ANS controls numerous visceral functions 
allowing the body to adequately and flexibly react to 
environmental challenges. This flexibility is achieved by 
its two main branches: the sympathetic nervous system 
(SNS) and the parasympathetic nervous system (PNS), 
respectively. The two branches act in a complementary 
manner with SNS activity enabling energy mobilization 
whereas the PNS rather facilitates energy conservation. 
Among healthy individuals, the SNS and the PNS are 
in dynamic balance allowing fast energy mobilization 
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when needed and a rapid decline to energy restoring 
status after mastering of the internal or external chal-
lenge. Chronic stress, however, has been associated with 
hypoactive parasympathetic modulation via the vagus 
nerve, resulting in excessive demands on the body and 
limiting the capacity for energy restoration (3). Given 
its well-known role as an independent risk factor in 
CVD (4, 5), vagal dysfunction could be the missing 
link in explaining burnout-associated deterioration of 
cardiovascular health. 

Heart rate variability (HRV) is a well-established 
marker of vagal function (6). HRV is defined as varia-
tions in time between consecutive heart beats (ie, inter-
beat intervals), caused by the interplay of the two ANS 
branches at the sinoatrial node (SA) with SNS activity 
accelerating and PNS activity decelerating heart rate 
(HR). Due to differences in chemical signaling at the SA 
node, the vagus nerve is able to modulate HR on a time 
scale of milliseconds, whereas SNS responses are much 
slower (7, 8) making high-frequency changes in HRV a 
relatively pure measure of vagal function (9). 

Several studies have revealed associations between 
reduced vagally-mediated HRV and burnout-related 
concepts, such as work-stress (10, 11), stress-related 
fatigue (12, 13), and exhaustion (14, 15). Only five stud-
ies, however, have investigated vagally-mediated HRV 
in conjunction with burnout, conceptualized as work 
stress-related exhaustion. The results of these studies 
have been mixed, with one study finding lower basal 
HRV, but no difference in HRV reactivity to a psychoso-
cial stressor, among individuals with burnout compared 
to a healthy control group (16). Another study showed 
increased vagally-mediated HRV after a simulated men-
tally demanding workday among individuals with burn-
out compared to controls (17), while three studies failed 
to find any significant associations between burnout and 
vagally-mediated HRV (18–20).

There are a number of potential reasons for these 
inconsistent findings including small and selective sam-
ples with respect to sex, age, and professional subgroups. 
In addition, the lack of a universally-accepted definition 
of burnout may also contribute to these ambiguous find-
ings. The vast majority of research on burnout relies on 
the unidimensional conceptualization of the Maslach 
Burnout Inventory (MBI) total score, which defines 
burnout as a dichotomous variable comprising the sum 
score of the sub-dimensions emotional exhaustion (EE), 
cynicism, and reduced personal accomplishment (21). 
However, several researchers have questioned the eco-
logical validity of combining the three MBI subscores 
into a single categorical variable (22–24). Besides a loss 
of information and reduction in statistical power when 
converting continuous data into a categorical variable, 
the lack of reliable and valid cut-off values for the MBI 
total score suggests the need to separately analyze each 

of the three MBI sub scores in their continuous form. 
The present study aimed to address these limitations 

by investigating ANS modulations, indexed by vagally-
mediated HRV, in relation to burnout symptomatology, 
as well as to examine potential overlap in associations 
among vagally-mediated HRV, burnout and depressive 
symptomatology. This was done in a large, heteroge-
neous sample, using a continuous, multidimensional 
conceptualization of burnout. 

Given the notion that certain dysregulations in bio-
logical systems become evident only under stressful 
conditions (25), we assessed vagally-mediated HRV 
during different measurement occasions, namely an 
emotionally-arousing situation, a recumbent recovery 
period, and a seated resting condition, respectively.

We predicted that greater burnout symptomatology 
would be associated with reduced vagally-mediated HRV, 
with possible differences in the magnitude of this rela-
tion depending on the respective measurement occasion. 
Additionally, given the ongoing controversy regarding 
potential overlap of burnout with depression (review: 
26), we also conducted exploratory analyses to exam-
ine differences and similarities between depressive and 
burnout-related symptoms in relation to vagal function.

Methods

Study population 

Participants were a subsample from the Dresdner 
Burnout Study (DBS), a large-scale longitudinal study 
designed to assess psychological, societal and biologi-
cal risk factors of burnout systematically. Participants 
of the DBS were recruited in Germany, Austria, and 
Switzerland via public media with a particular focus on 
the Dresden area. To accrue a large professionally and 
socioeconomically diverse sample, age 18–68 years 
and German language skills were selected as the only 
inclusion criteria. In addition to an online assessment 
of a range of psychosocial factors via the official study 
homepage (www.dresdner-burnout-studie.de), the DBS 
also includes annual sampling of several biological vari-
ables. HRV data used in the current study were obtained 
during in-person biomarker assessments, conducted 
from September to October 2015. These biomarker 
assessments included an emotionally-arousing situation, 
a recumbent recovery period and a seated resting con-
dition. Based on both, previous evidence showing that 
venipuncture induced psychological and physiological 
stress responses (27) as well as significant differences 
between HR during blood sampling (mean 71.5, SEM 
0.54) and recovery (mean 70.9, SEM 0.47), both recum-
bently recorded in the current sample (t(389)=-2.23, 

http://www.dresdner-burnout-studie.de


 Scand J Work Environ Health 2017, vol 43, no 5 477

Kanthak et al

P=0.03), venipuncture was used to operationalize this 
emotionally-arousing situation in the present study. Even 
though vagally-mediated HRV was reduced during veni-
puncture (mean 3.36, SEM 0.03) when compared to the 
recumbent recovery period (mean 3.38, SEM 0.03), the 
means did not differ significantly (t(389)=0.69, P=0.49).

Altogether, 446 participants accepted our invita-
tion to participate in these biomarker assessments. The 
sub-sample for the present study was selected based on 
complete data on all demographical, health-related, and 
psychological variables resulting in a sample of N=416 
participants for the recumbent venipuncture, N=402 
for the recumbent recovery condition, and N=408 for 
the seated resting condition. All participants provided 
written informed consent to both the online assessment 
and the biomarker sampling procedure. The ethics com-
mittee of TU Dresden approved the study. The authors 
assert that all procedures contributing to this work com-
ply with the ethical standards of the relevant national 
and institutional committees on human experimentation 
and with the Helsinki Declaration of 1975, as revised in 
2008. Participants received a monetary compensation 
of €15.

Study design and procedure

The full biomarker sampling procedure lasted approxi-
mately 50 minutes and was conducted between 08:00–
19:00 hours. One week before the biomarker sampling, 
participants completed an online questionnaire assessing 
burnout symptomatology, depressive symptomatology, 
and provided information on demographic and health-
related factors. After arriving at the laboratory, partici-
pants signed the consent forms and were provided with 
heart rate devices (Polar RS800TM, Polar Electro, Oy, 
Kempele, Finland). They were then brought to the blood 
sampling room, where they laid down on a stretcher. 
HRV was recorded during the blood draw and partici-
pants remained in supine position for 6 minutes, during 
which recordings of recumbent recovery HRV were 
obtained. Approximately 20 minutes after completion of 
the recovery, participants were led to a separate room, 
where 6 minutes of seated resting HRV was assessed. 

Self-report measures 

The following demographic and health-related charac-
teristics previously shown to influence cardiac vagal 
tone (28–33) were assessed: age, sex, alcohol and caf-
feine consumption (yes/no), smoking (yes/no), and 
regular physical exercise (yes/no). In addition, body 
mass index (BMI) was calculated based on participants’ 
self-reported weight and height.

Burnout was assessed with the German version 
(MBI-GS-D; 34) of the Maslach Burnout Inventory-

General Survey (MBI-GS; 35), which consists of 16 
items forming three subscales (EE, cynicism, reduced 
personal efficacy). The items are rated on a 7-point 
Likert scale (0=never, 6=daily). The weighted MBI total 
score (0.4×EE + 0.3×cynicism + 0.3×reduced personal 
accomplishment) (36) and the three MBI subscores 
were considered as continuous variables and analyzed 
separately. 

Depression was measured with the German version 
(PHQ-9-D; 37) of the Patient Health Questionnaire 
(PHQ-9; 38). 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 (39). The items are scored on a 4-point rank-
ing scale (0=not at all, 3=nearly every day) and summed 
up to a continuous variable (PHQ-9 sum score), with 
higher scores representing higher severity of depression. 
In order to allow for differentiation between burnout-
related and not burnout-related depressive symptomatol-
ogy, separate somatic and cognitive symptom scores 
were derived within the PHQ-9, accordingly to de Jonge 
et al (40). More specifically, 4 PHQ-9 items related to 
burnout symptomatology, namely exhaustion, sleeping 
problems, changes in appetite and psychomotor agita-
tion/retardation were considered as somatic depressive 
symptoms, whereas lack of interest, depressed mood, 
negative feelings about self, concentration problems 
and suicidal intention were considered burnout atypical 
cognitive depressive problems. 

Heart rate data

Inter-beat intervals (IBI) were recorded with a Polar 
RS800 CX system via the corresponding chest belt (Polar 
Electro OY, Kempele, Finland) during the whole bio-
marker sampling procedure with a sampling frequency 
of 1000 hz. Of the complete IBI timeline, the follow-
ing data were used: (i) for the emotionally-arousing 
situation (venipuncture), the 90-second interval after 
needle insertion for blood sampling, (ii) a 335-second 
recumbent recovery interval directly after the 90-second 
venipuncture, (iii) a 335-second seated resting condition 
approximately 20 minutes after completion of the veni-
puncture. An interval after the venipuncture was chosen 
to avoid distortion of resting HRV by anticipatory fears. 
The data were then transferred to the Polar Precision Per-
formance Software (Polar Electro OY, Kempele, Finland) 
and exported as the raw IBI data for further analysis. The 
ECG raw data were artefact corrected and the root mean 
square of successive differences (RMSSD) was calculated 
by Neurocor Ltd. & Co. KG (Trier, Germany), accord-
ing to the guidelines of the Task Force of the European 
Society of Cardiology and the North American Society 
of Pacing and Electrophysiology (9) using the NEU-
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ROCOR precision HRV-Algorithm. After detection of 
R-spikes using a modified Pan-Thompkins-Algorithm, 
identified artefacts were corrected and HRV measures 
were calculated.

RMSSD was used to operationalize high frequency 
variation in heart rate because of its status as an 
approved short-term measure of HRV reflecting vagal 
cardiac influence and its robustness against breathing 
patterns (9, 41). Preliminary analyses revealed high 
positive correlations between RMSSD and frequency-
based measures of vagally-mediated HRV, which are 
also commonly used (correlation coefficients between 
0.91 and 0.92, P<0.001). Despite this, no results of 
frequency-based HF-HRV measures are presented. The 
overall pattern of results is identical (data not shown). 

Statistical analysis and data exclusion

RMSSD values at the three measurement occasions 
were not normally distributed and log transformations 
were applied to reduce skewness. Furthermore, extreme 
values (interquartile range of log-transformed RMSSD 
values ± 3 SD) were excluded resulting in final samples 
of N=410 at venipuncture, N=397 at recumbent recov-
ery, and N=403 at seated rest, respectively.

Associations between questionnaire scores and 
RMSSD values during the three measurement occa-
sions were examined by simple linear regression analy-
ses and subsequent hierarchical multiple regression 
analyses adjusted for potential confounders. Given the 
high multicollinearity among the MBI total score and 
its sub-scores [EE: r(408)=0.89, P<0.001; cynicism: 
r(408)=0.86, P<0.001; reduced personal accomplish-
ment: r(408)=0.65, P<0.001], as well as among the 
sub-scores [EE and cynicism: r(408)=0.65, P<0.001; 
EE and reduced personal accomplishment: r(408)=0.36, 
P<0.001; cynicism and reduced personal accomplish-
ment: r(408)=0.43, P<0.001] separate hierarchical 
regression analyses were conducted for these measures. 
In a first step, age, sex, BMI, alcohol consumption, 
smoking, caffeine consumption, and regular physi-
cal exercise were entered. Next, the respective MBI 
score was added to this baseline model to examine the 
additional predictive value beyond well-known HRV 
determinants. The significance level was set to 0.05. All 
analyses were performed using SPSS Statistics 22 (IBM, 
Armonk, NY, USA). 

Results

Table 1 provides demographic and health-related 
characteristics for the sample at venipuncture. These 
descriptive characteristics were virtually identical for 

the samples of the recumbent recovery and the seated 
rest conditions and are, therefore, not depicted here. 

Results of the simple linear regression analyses 
predicting RMSSD at the three measurement occasions 
based on the MBI total score and its subscales are pre-
sented in table 2. EE significantly predicted RMSSD 
during all three measurement occasions, whereas the 
MBI total score predicted RMSSD only during veni-

Table 1. Demographic and clinical characteristics for the 
sample at venipuncture (N=410). [BMI=body mass index; MBI 
total score=Maslach Burnout Inventory general survey to-
tal score; PHQ-9=Patient Health Questionnaire sum score; 
PHQ-9 somatic=somatic symptom score of the PHQ-9; PHQ-9 
cognitive=cognitive symptom score of the PHQ-9; RMSSD=root 
mean of successive differences; SD=standard deviation].

Mean SD % Range Scale range

Age (years) 42.17 11.18 19–67 ..
Sex (male) . . 33.4 .. ..
BMI (kg/m²) 25.18 4.53 . 17.30–42.52 ..
Alcohol consumption 
(yes)

. . 86.1 .. ..

Smoking (yes) . . 13.9 .. ..
Caffeine consumption 
(yes)

. . 93.2 .. ..

Regular exercise (yes) . . 67.8 .. ..
MBI total score 2.25 1.17 17.3 a 0.00–5.38 0.00–6.00
Emotional exhaustion 2.86 1.16 37.6 a 0.00–6.00 0.00–6.00
Cynicism 2.05 1.51 19.3 a 0.00–6.00 0.00–6.00
Reduced personal 
accomplishment

1.64 1.13 7.6 a 0.00–6.00 0.00–6.00

PHQ-9 8.39 5.32 . 0.00–27.00 0.00–27.00
PHQ-9 somatic 4.30 2.64 . 0.00–12.00 0.00–12.00
PHQ-9 cognitive 4.10 3.04 . 0.00–14.00 0.00–15.00

RMSSD
At blood draw 35.03 22.72 . .. 1.50–183.80
At recovery 33.82 18.80 . .. 4.41–108.71
At rest 35.78 22.12 . .. 6.16–147.64

a % of individuals with serious burnout symptomatic accordingly to cut-
off value introduced by Kalimo et al (36).

Table 2. Summary of simple and fully adjusted multiple regres-
sion analyses for the prediction of RMSSD (logarithmized) at all 
three measurement occasions. [CY=cynicism (Maslach Burnout 
Inventory, MBI); EE=emotional exhaustion (MBI), ln_RMSSD=root 
mean square of successive differences between heart beats, loga-
rithmized; PER=reduced personal accomplishment (MBI)].

ln_RMSSD

Venipuncture 
(N=410)

Recovery 
(N=397)

Rest  
(N=403)

Simple Multiple a Simple Multiple a Simple Multiple a

β β β β β β

Model 1: MBI -0.10 b -0.08 -0.08 -0.05 -0.10 b -0.06
Model 2: EE -0.15 c -0.11 b -0.12 b -0.06 -0.15 c -0.09 b
Model 3: CY -0.06 -0.05 -0.05 -0.04 -0.03 -0.01
Model 4: PER -0.00 -0.00 -0.00 -0.01 -0.03 -0.03

a Model adjusted for age, sex, body mass index, smoking, caffeine con-
sumption, regular exercise. 

b P<0.05.
c P<0.01.
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puncture and seated rest. None of the other two MBI 
sub-scores explained a significant amount of RMSSD 
variance in any measurement occasion.

Next, two-step hierarchical regression analyses were 
performed to test for independent effects of the MBI 
total score and its sub-scores on RMSSD (table 2). 
During all three measurement occasions, the baseline 
model predicted the largest amount of total explained 
variance in RMSSD (venipuncture: R² adjusted=0.06, 
F(7,402)=4.87, P<0.001; recumbent recovery: R² 
adjusted=0.16, F(7,389)=11.39, P<0.001; seated rest: 
R² adjusted=0.19, F(7,395)=14.37, P<0.001). Thereby, 
age was the only baseline model variable, which signifi-
cantly predicted RMSSD during all measurement occa-
sions (venipuncture: β=-0.25, t(402)=-4.89, P<0.001; 
recumbent recovery: β=-0.35, t(389)=-7.18, P<0.001; 
seated rest: β=-0.39, t(395)=-8.20, P<0.001). Beyond 
age, BMI at recumbent recovery (β=-0.11, t(389)=-2.28, 
P=0.02) and physical exercise at seated rest (β=-0.17, 
t(402)=3.65, P<0.001) were the only additional sig-
nificant baseline-model predictors. This pattern did not 
change with adding the MBI total score or any of its 
subscale scores to the regression analyses.

The second step of regression analyses (table 1, 
model 2) provided partial confirmation of the research 
hypothesis by revealing a significant additional effect 
of EE on RMSSD at venipuncture (ΔR² adjusted=0.01, 
F(8,401)=4.92, P<0.001) and seated rest (ΔR² 
adjusted=0.01, F(8,388)=13.20, P<0.001) when entered 
after the baseline model. However, neither the MBI 
total score nor the other MBI sub-scores significantly 

contributed to RMSSD prediction beyond the baseline 
model at any measurement occasion. 

Exploratory analyses on depressive symptomatology 
and HRV

Based on our results for EE as well as previous conten-
tions that the association between burnout and other 
psychophysiological markers is primarily driven by 
comorbid depression (26), exploratory analyses were 
conducted to further examine the interrelations among 
EE, depression symptomatology and vagally-mediated 
HRV. As expected, depression symptoms, operational-
ized by the PHQ-9 sum score, were negatively associated 
with RMSSD during seated rest (r(401)=-0.15, P=0.003) 
and recumbent recovery (r(395)=-0.10, P=0.047). When 
decomposing the PHQ-9 sum score into a cognitive-affec-
tive and a somatic factor, as suggested by de Jonge et al 
(40), findings revealed that the PHQ-9 somatic symptoms 
were primarily responsible for this association. In par-
ticular, the somatic subscale was significantly inversely 
associated with RMSSD during all three measurement 
occasions (venipuncture: r(408)=-0.10, P=0.047; recum-
bent recovery: r(395)=-0.12, P=0.02; seated rest: r(401)=-
0.17, P=0.001), whereas the cognitive symptom score 
showed associations only during seated rest (r(401)=-
0.11, P=0.02). Consistent with this pattern, during all 
three measurement occasions reductions in associations 
between EE and RMSSD when controlling for depressive 
symptoms were strongest for the somatic factor and low-
est for the cognitive-affective factor (figure 1).
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Figure 1. Bivariate and partial correlation coefficients of the association between emotional exhaustion and RMSSD (logarithmized) at the three 
measurement occasions, unadjusted or adjusted for the PHQ-9 cognitive or somatic factors. *P<0.05; **P<0.01.
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Discussion

The goal of the present study was to examine the asso-
ciation between burnout and vagally-mediated HRV in a 
large, heterogeneous population-based sample. In partial 
support of our primary hypothesis, we found that the EE 
component of burnout was significantly and inversely 
associated with RMSSD during an emotionally-arousing 
situation (venipuncture) and a seated resting period, 
even after accounting for the effects of age, sex, BMI, 
alcohol and caffeine consumption, smoking, and regular 
physical exercise. However, neither the MBI total score 
nor the cynicism or reduced personal accomplishment 
subscales were associated with vagally-mediated HRV 
at any measurement occasion when controlling for the 
influence of covariates. 

The current notion that exhaustion yields specific 
findings when examining associations with measures 
of parasympathetic function has also emerged from 
previous research not necessarily focusing on burnout 
(14, 15, 42). Previous studies have also reported EE as 
the primary burnout subscale showing associations with 
physiological stress markers such as allostatic load (43, 
44), and HPA axis function (review: 45, 46). However, 
to our knowledge, our study is the first to demonstrate 
the effects of burnout-associated exhaustion with vagal 
function. Taken together with the well-established link 
between reduced vagally-mediated HRV and CVD 
(review: 5), as well as longitudinal evidence showing 
vital exhaustion to be predictive of CVD (47–50), our 
results indicate that EE may also be a psychological 
factor contributing to risk for CVD.

Contrary to our expectations, we did not find the 
MBI total score to be significantly associated with vagal 
activity at any measurement period. This is surprising, 
given that chronic work stress, the causal prerequisite 
of burnout, has been repeatedly associated with lower 
vagally-mediated HRV (10, 11). Nonetheless, this find-
ing is in line with some previous investigations of 
burnout (18–20). Indeed, two other studies reported 
significant effects of burnout on vagally-mediated HRV, 
albeit in opposite directions, using unidimensional 
burnout scores. In particular, de Vente et al (16) found 
reduced baseline HF-HRV amongst individuals endors-
ing burnout symptoms when compared to a healthy 
control group. In contrast, Zanstra and colleagues (17) 
observed a significant increase in HF-HRV in a sample 
of individuals with burnout, after a simulated mentally-
demanding workday. Interestingly, no such pattern was 
seen in a no-burnout control group. One explanation for 
these divergent findings are differences in the opera-
tionalization of burnout, whereby studies either used 
different burnout questionnaires with varying cut-off 
values (17–20) or determined burnout status using a 

clinical screening procedure (16). Additional method-
ological variance might be due to the use of categorical 
(16–18, 20) versus continuous (19) conceptualizations 
of burnout. Given these methodological differences, it 
may be premature to draw firm empirically validated 
conclusions regarding the association between burnout 
and vagal function. Nonetheless, our finding concerning 
the outstanding role of EE supports previous indications 
of considering the relationship between burnout and 
psychophysiological variables on a symptom level (51).

As a secondary, more exploratory question, we also 
investigated the overlap of associations between burnout 
and depression. In line with previous studies showing 
diminished effects of burnout on health outcomes when 
controlling for depressive symptomatology (43, 52), 
we found that the introduction of depression attenuated 
the association between EE and RMSSD. This is not 
surprising, given the large symptom overlap between 
burnout, and particularly the EE dimension, with depres-
sion, both cross-sectionally (26, 53) and longitudinally 
(54). However, employing the approach described by de 
Jonge et al (40), our results suggest that the depressive 
somatic factor, and not the core criteria of depression 
(namely depressive mood and lack of interest), was pri-
marily responsible for reducing the associations between 
EE and RMSSD. This is in line with previous research 
showing that somatic, but not cognitive-affective symp-
toms mainly accounted for the association between 
depression and both vagally-mediated HRV (for review 
see 55, 56) as well as CVD (57–59). Thus, in contrast 
to previous claims that global depressive symptomatol-
ogy accounts for the association between burnout and 
physiological processes, our results indicate that it is the 
exhaustion-related symptomatology, common to both 
burnout and depression, which appears to be driving the 
association with PNS dysregulation. 

An advantage of the present study design was that 
associations between burnout and vagally-mediated HRV 
were examined at different measurement occasions, 
allowing for the possibility to observe how/whether the 
relationship between EE and HRV differs under differing 
modes of physiological regulation. In line with previous 
notions of differences between patients and controls 
being more accented during stressful conditions (25), we 
observed association between EE and vagal withdrawal 
being most pronounced during an emotionally-arousing 
situation (venipuncture). Keeping in mind the relatively 
small yet significant effect of venipuncture on HR (physi-
ological index for arousal) in the present study, future 
research applying more stressful conditions are necessary 
to extend the knowledge about the contextual require-
ments for the observability of associations between burn-
out and vagally-mediated HRV. 

In addition, albeit to a lesser extent, we observed 
associations between EE and reductions in vagal cardiac 
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control during a seated rest condition (ie, 20 minutes 
after the blood draw). Given the well-validated role of 
vagally-mediated resting HRV as a trait-like marker of 
self-regulation, reductions in resting vagally-mediated 
HRV are of special relevance reflecting an individual’s 
capacity to flexibly and appropriately respond and adapt, 
both physiologically and behaviorally, to changing 
environmental demands (60–64). The finding of reduced 
resting vagally-mediated HRV indicates that an increase 
in exhaustion symptoms may be accompanied by impair-
ment in this dynamic regulatory ability, a condition 
which has previously been associated with increased risk 
for all-cause morbidity and mortality (5).

No EE-related decrease in RMSSD was found during 
a recumbent recovery period. Given that impaired recov-
ery processes after acute stress have been suggested as 
an explanatory mechanism of burnout (65, 66), as well 
as the rather limited extent of emotional arousal induced 
in the present study, longitudinal studies with a specific 
focus on recovery processes may nevertheless be prom-
ising starting points for research on burnout etiology. 

There are also some limitations to be considered. 
First, our assessment was cross-sectional in nature 
and does not allow any assertions about causality or 
directionality of the negative association between vagal 
function and burnout symptomatology. Furthermore, 
although we considered several confounding variables, 
we were unable to account for other factors (ie, previ-
ous history of psychiatric disorders, chronic disease 
and medication intake) that might potentially influ-
ence ANS function. Thus, longitudinal investigations 
incorporating valid and comprehensive medical and 
psychosocial examinations are necessary in order to 
illuminate the cause–effect relationship between burn-
out and autonomic functioning. Second, using blood 
sampling to induce emotional arousal is not without 
controversy (27). Even though blood sampling as a 
naturally occurring stressor has a high ecological valid-
ity and our manipulation check using HR indicated that 
blood sampling induced arousal, future studies should 
use stronger and longer lasting stressors. Third, because 
we were unable to obtain resting HF-HRV temporally 
independently of the emotionally-arousing situation, 
it remains unclear what role individual differences in 
baseline vagally-mediated HRV may have played in our 
findings. Fourth, given the lack of universally accepted 
diagnostic criteria, we operationalized burnout using 
the MBI-GS, although we are aware that the MBI-GS 
has been criticized with regard to several methodologi-
cal shortcomings (67–69). Nonetheless, taken together 
that the factorial validity of the MBI has been found to 
have a superior model fit than 1- or 2-factor burnout 
models (70–72), as well as the generally good internal 
consistencies for its subscales, the MBI-GS appears to 
be the most valid and reliable measure of burnout at the 

moment. Finally, due to limited data regarding the asso-
ciation of burnout with changes in autonomic function, 
we acknowledge the relatively high number of statistical 
tests in the present study to examine this relationship. 
Thus, our findings should be interpreted with caution, 
as additional research, including prospective studies, are 
needed to further validate the present results. 

In conclusion, we found EE to be associated with 
reduced vagal function during an emotionally-arousing 
venipuncture and a seated resting condition even when 
controlling for well-known confounders, in a large 
population-based sample. The EE component of burn-
out appears to be a promising starting point for future 
research attempts exploring the repeatedly documented 
association between burnout and CVD (1, 2). In view of 
the overlap between burnout and depression, our results 
suggest that a focus on symptom-based approaches 
rather than classic diagnostic categories might be par-
ticularly fruitful.
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