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Purpose: Exhaustion symptoms are known to be associated with cardiovascular disease (CVD) risk; how-
ever, the underlying mechanisms remain unclear. Autonomic imbalance, as indicated by reductions in
vagally-mediated heart rate variability (vmHRV), appears to be a valid candidate for such a biological link, as
it has been associated with both exhaustion symptoms and CVD risk and mortality.

Methods: The present study examined a potential mediation of vmHRV on the association between ex-
haustion symptoms and self-reported CVD risk factors as well as the age dependency of this mediation in a
large, heterogeneous sample of the Dresden Burnout Study (N = 388; 72.9% females; M,g. = 42.61,
SD = 11.67).

Results: Results indicate that exhaustion symptoms were indirectly associated with CVD risk factors
Parasympathetic nervous system through vmHRV even after adjusting for well-known confounders (i.e., sex, body mass index, depressive
Autonomic imbalance symptoms). Moreover, this pattern was significant only among middle-aged (i.e., 54.27 years) and older
Age individuals.

Conclusions: Our findings add to growing evidence that autonomic imbalance may be a key biological link
between exhaustion symptoms and CVD risk in middle-aged and older individuals. Implications for public
health are discussed.
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Purpose

Cardiovascular disease (CVD) remains the leading contributor to
global disease burden and a major cause of global morbidity and
mortality [1-3]. While CVD-related mortality is particularly high in
low- and middle-income countries, high-income countries have
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consistently achieved decreases over the past 30 years [2]. Strikingly,
a recent update on the Global Burden of Cardiovascular Diseases
Report revealed renewed increases in CVD rates in some high-in-
come countries, including the UK, over the past 5 years [2]. Fur-
thermore, high premature CVD mortality has been found to be the
main reason for Germany’s lagging life expectancy compared to
other high-income countries, especially among higher aged workers
[4]. Interestingly, recent studies have associated the work stress—-
related burnout syndrome and its core symptom, emotional ex-
haustion, with an elevated risk for CVD [5-9]. After the tremendous
impact of aging alone, the most important biological CVD risk factors
hypertension [10], hypercholesterolemia [11], and diabetes [12] have
also been linked to burnout and exhaustion. Consequently, the
German Cardiac Society has recently recommended the integration
of stress and exhaustion screening in preventive cardiac care [13].
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Regrettably, the biological underpinnings linking stress-related
exhaustion and CVD risk factors are still not fully understood.
Nevertheless, it is likely that the autonomic nervous system (ANS)
plays a vital role, as it is involved in both the etiology of CVD and the
bodily response to stress [14]. In healthy individuals, the response to
acute stress and environmental challenges is regulated by the dy-
namic balance between energy provision and energy restoration
through the two branches of the ANS: the sympathetic nervous
system (SNS) and the parasympathetic nervous system (PNS), re-
spectively. Under chronic stress, the SNS influence becomes pre-
dominant leading to a decline in PNS function which can result in
autonomic imbalance [15]. A significant biomarker of autonomic
imbalance is reduced vagally-mediated heart rate variability
(vmHRV) which is commonly conceptualized as high-frequency
changes of the interbeat intervals (IBI) between consecutive heart
beats [16]. These high-frequency changes, occurring in milliseconds,
are primarily modulated by the vagus nerve due to chemical and
anatomical differences [17], making vmHRV a relatively pure bio-
marker of PNS activity [16].

Previous studies, including our own, have shown associations
between vmHRV and both exhaustion [18-20] and established CVD
risk factors including hypertension, hypercholesterolemia, and dia-
betes [14]. Furthermore, these associations might be influenced by
age, as age surpasses all other CVD risk indicators as a predictor of
clinical events [21]. Additionally, age has been negatively related to
vmHRV [22] and positively correlated with exhaustion symptoms,
albeit inconsistently [23-26] Taken together, previous research in-
dicates a potential age-related mediating role of vmHRYV in the re-
lationship between exhaustion symptoms and CVD risk. However, to
the best of our knowledge, no previous study has examined this
indirect relationship.

Therefore, in the present study, we aimed to examine the fol-
lowing two hypotheses: (1) vmHRV mediates the positive associa-
tion between exhaustion symptoms and CVD risk, and (2) age
moderates the direct and/or indirect effects of exhaustion on CVD
risk through vmHRYV, in a large, heterogeneous sample from the
Dresden Burnout Study (DBS).

Methods
Participants and procedure

This study is based on data from a subsample of the ongoing DBS
[27], a large-scale prospective investigation of biopsychological risk
and protective factors associated with burnout. A comprehensive
description of the study design and procedure can be found else-
where [27]. Briefly, the cohort consists of socioeconomically diverse
German speaking participants between 18 and 68 years of age who
took part in an online and a subsequent biomarker assessment. Data
of the present subsample were collected between September and
December 2017. Altogether, N = 423 participants accepted our in-
vitation to the biomarker assessment which lasted approximately
50 minutes and was conducted between 7 AM and 7 PM. Participants
were instructed to refrain from excessive physical activity, drinking
alcohol, and smoking 24 hours before the study session. After ar-
riving at the laboratory, participants signed consent forms and were
provided with heart rate devices (Polar RS800TM, Polar Electro, Oy,
Kempele, Finnland). To obtain a baseline measure of vmHRV, parti-
cipants were led to a separate room, where 6 minutes of seated
resting heart rate was recorded. Demographic, health-related, and
psychological variables were collected 1 week before the biomarker
assessment via an online questionnaire. Complete data were the
perquisite for inclusion in the present data analyses, resulting in a
sample of N = 392. The DBS has been approved by the local ethics
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committee of the TU Dresden. All participants provided informed
consent. Participants received a monetary compensation of 15 €.

Self-report measures

Exhaustion symptoms were measured with the German version
(MBI-GS-D [28]) of the Maslach Burnout Inventory-General Survey
(MBI-GS [29]). The five exhaustion related items of the MBI-GS are
rated on a 7-point Likert scale (0 = never, 6 = daily) and summed to
provide an unweighted exhaustion score. Higher scores represented
higher severity of exhaustion symptoms. To assess the general
mental state of the sample, depression symptoms were assessed
with the German version of the Patient Health Questionnaire-9
(PHQ-9 [30]) and anxiety symptoms were assessed using the
German version of the Generalized Anxiety Disorder-7 Ques-
tionnaire (GAD-7 [31]). Investigator-generated items were used to
assess sociodemographic and health-related factors, namely age (in
years), biological sex at birth (sex), height (cm) and weight (kg) to
calculate body mass index (BMI), smoking (yes/no), alcohol drinking
(yes/no), and caffeine intake (yes/no), as associations of these vari-
ables with vmHRV have frequently been reported. Participants self-
reported any physician diagnosed medical conditions. A cumulative
CVD risk score was calculated as the sum of the presence (1) or
absence (0) of three primary biological CVD risk factors hyperten-
sion, hypercholesterolemia, and diabetes which are consistently part
of established CVD risk score models [32] and are globally used for
epidemiological CVD risk estimation by the World Health Organi-
zation [33]. The assessment of the absence or presence of these risk
factors (hypertension [yes/no]; high cholesterol [yes/no], diabetes
[yes/no]) was conducted through self-reports (i.e., “Have you been
diagnosed by a physician with the following health conditions?”),
which have demonstrated reliability in previous epidemiological
studies [34, 35]. The utilization of a risk score was preferred due to
previous research suggesting that sum scores provide more in-
formative predictions regarding CVD compared to individual risk
factors [36]. We employed a simple sum score because established
CVD risk scores typically incorporate biological data (i.e., systolic and
diastolic blood pressure, cholesterol) as well as information re-
garding, lifestyle-related (e.g., physical activity) and nonmodifiable
(e.g., family history of CVD) risk factors [37] which were not in-
vestigated in the DBS.

Vagally-mediated heart rate variability

During the entire biomarker assessment, the Polar RS800 CX
system (Polar Electro OY, Kempele, Finland) was employed to obtain
IBI and heart rate data. The device consists of a watch unit and a
chest-worn apparatus containing electrodes which record R-R in-
tervals at a sampling frequency of 1000 Hz. These data are trans-
mitted and stored to the watch for later inspection, processing, and
analysis. The Polar RS800 CX system has demonstrated moderate to
acceptable test-retest reliability over a 2-week interval in previous
population-based German samples, yielding time domain metrics of
heart rate variability showing greater consistency (Intra-class
Correlation Coefficient range 0.50-0.70) relative to frequency do-
main parameters (Intra-class Correlation Coefficient range
0.10-0.60) [38]. Of the complete IBI timeline, only the initial
335 seconds of the seated resting condition, which was recorded at
the end of the biomarker assessment procedure, was analyzed in the
present study. This interval was chosen in order to avoid potential
anticipatory fears with respect to a venipuncture which was also
part of the biomarker assessment for a different study objective. To
have a comparable time window from all participants, we decided to
take the first 335 seconds, since this time window has been shown
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to obtain valid vmHRV estimates [ 16, 39] and was available from all
subjects.

Data were transferred to the Polar Precision Performance
Software (Polar Electro OY, Kempele, Finland) and exported as raw
IBI data for further analysis. The raw data were artifact corrected by
Neurocor Ltd. & Co. KG (Trier, Germany), according to the guidelines
of the Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology [16] using
the NEUROCOR precision HRV-Algorithm. During this analysis step,
artifacts in Electrocardiogram-recordings are marked and corrected
without violation of the phasing of the overall time of the signal.
Subsequently, vmHRV measures were calculated. Preliminary ana-
lyses revealed high positive correlations between the root mean
square of successive differences in the time intervals between con-
secutive heart beats (measurement of the time between two con-
secutive R-waves in the ECG waveform (RR) intervals - the time
elapsed between two successive R waves of the electrocardiogram
combination of three of the graphical deflections seen on a typical
electrocardiogram (Q wave, R wave, and S wave) (QRS) complex - the
time elapsed between two successive R waves of the electro-
cardiogram QRS complex (RMSSD) [ms]) and high-frequency heart
rate variability (hf-HRV [ms2]; r = 0.94; P < .001). In the following
analysis, RMSSD was used to operationalize hf-HRV as it is an ap-
proved short-term measure of vmHRV which is robust against re-
spiratory influences [40].

Statistical analysis and data exclusion

RMSSD values at rest were not normally distributed, thus log
transformations were applied to reduce skewness the time elapsed
between two successive R waves of the electrocardiogram QRS
complex, logarithmized (InRMSSD). Four extreme values (INnRMSSD
values + 3 SD) were excluded, resulting in a final sample of N = 388.
Descriptive statistics were computed to characterize the sample, and
associations between the study variables were quantified by com-
puting Pearson’s correlations (r).

To test our first hypotheses, we conducted a conditional process
(i.e., mediation) analysis which is based on standard multiple linear
regression, using the PROCESS macro (Model 4) [41], including age,
sex, regular consumption of alcohol and caffeine, smoking, and BMI
as covariates. We tested our second hypothesis, by conducting a
moderated mediation analysis based on multiple, linear regression
analyses with the PROCESS macro (Model 59) [41] that included sex,
regular consumption of alcohol and caffeine, smoking, and BMI as
covariates. We chose Model 59 as it also yields indices of conditional
indirect effects, which have been recommended as useful para-
meters in the context of models incorporating both moderation and
mediation [41]. The moderated mediation is considered significant if
the boot-strapped Cls of the respective indirect effects do not con-
tain zero (95% bias-corrected confidence intervals from 10,000 re-
samples of data [41]). Although controlling for sex in our analyses,
we further conducted sensitivity analyses for both hypotheses in
sex-specific submodels, respectively, as previous research indicates
sex differences in exhaustion, vimHRV and CVD risk [42-44]. The
significance level was set to P = .05. All analyses were performed
using IBM SPSS Statistics 22 [45] and the SPSS add-on PROCESS
version 2.15 [41].

Results
Descriptive statistics and correlation analyses

Descriptive statistics for the sample and correlations of the
variables used are presented in Table 1. The average age of
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participants in our sample was 42.61 (SD = 11.67; range:
20-68 years), with 72.9% of female participants. With respect to
exhaustion symptoms, the sample exhibited a wide range of the
emotional exhaustion score (0-6), with 35.6% reporting serious ex-
haustion symptoms (exhaustion >3.2) according to a frequently
used cut-off value for the presence of exhaustion operationalized
using the MBI-GS [46]. With respect to the general mental state of
the sample, participants reported on average no to mild depressive
symptoms (M = 7.72; SD = 4.38) as well as no to mild general anxiety
symptoms (M = 6.06; SD = 4.42).

Indirect effect of exhaustion symptoms on CVD risk through vmHRV

To test our first hypothesis, we examined if vmHRV mediates the
association between exhaustion symptoms and CVD risk. In the first
stage of the nmediation model (path a: exhaustion
symptoms - vmHRV) there was a significant negative association
between exhaustion symptoms and vmHRV even after adjusting for
well-known covariates (Table 2). A negative association between
vmHRV and CVD risk was found in the second stage of the mediation
model, although not statistically significant (P =.08; Table 2). Neither
the positive association between exhaustion symptoms and CVD risk
in the direct path (path c: B < -0.01, SE = 0.02, 95% confidence in-
terval (CI) [-0.04, 0.03]) nor the positive association between ex-
haustion symptoms and CVD risk mediated by vmHRV in the
indirect path (ab < 0.01, SE < 0.01, 95%CI [ <-0.01, 0.01]) were sig-
nificant. Importantly, age was the only covariate significantly asso-
ciated with the respective dependent variables in all three steps of
the mediation model (path a and b: Table 2; path c: B = 0.02, SE <
0.01, P < .001).

Moderation effects of age on the indirect effect of exhaustion symptoms
on CVD risk through vmHRV

To examine our second hypothesis, we conducted a moderated
mediation model (Fig. 1) to test if age moderates the association
between exhaustion symptoms and CVD risk through vmHRV in the
direct (path f: exhaustion symptoms - CVD risk) and/or the indirect
path (path d: exhaustion symptoms - vmHRV and path e:
vmHRV - CVD risk).

As depicted in Table 3, age moderated the second stage of the
indirect association between exhaustion symptoms and CVD risk
through vmHRV (path e: F(1377)=11.34, P < .001; R2=0.02). Simple
slope tests revealed that individuals aged 30.94years old and
younger exhibited a negative association between vmHRV and CVD
risk, although not significant (Fig. 2). Individuals with an age of
42.61years and above exhibited a negative association between
vmHRV and CVD risk; however, this association was precise only in
individuals aged 52.27 years and older (Bsimple =-0.26, SE=0.07,
P < .001, 95%CI =[-0.40, -0.12]; Fig. 2). No significant moderation of
age were found for the direct association between exhaustion
symptoms on CVD risk (path f: F(1377)=0.10, P=.75; R2=0.002), and
the first stage of the indirect association of exhaustion symptoms on
CVD risk through vmHRV (path d: exhaustion symptoms - vmHRV; F
(1379)=0.30, P=.58; R2=0.001).

Finally, results indicate that vmHRV mediated the association
between exhaustion symptoms and CVD risk. As depicted in Table 4,
we found a positive, although not significant indirect association
between exhaustion symptoms and CVD risk through vmHRV and a
negative association between exhaustion symptoms and CVD risk
through vmHRV among individuals aged 42.61 years and older, that
was significant only among individuals aged 54.27 years and older.
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Table 1
Demographic and health-related characteristics (means, standard deviations, percentages, and intercorrelations [N = 388])
Mean SD % 1 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.

1. Age (y) 42.61 11.67 - — -.03 27" .04 -04 16" .05 307 18" .33% 417 -.49°
<29 — — 17.0 — — — — — - - — — — — —

30-39 25.0

40-4950-59 232

<60 28.6

6.2

2. Sex (male) - - 271 - - -.05 -.08 -.01 -.09 .05 -.06 -.001 .02 -.02 .06
3. BMI (kg/m?2) 25.55 5.04 - — - - .09 .03 .04 .09 347 120 18" 347 =217
4. Alcohol consumption (yes) - - 91.5 — — - - .07 26" -.04 -.02 -.004 -.08 -.05 -.02
5. Smoking (yes) — — 13.7 — — — — - .09 .04 .01 .02 -.02 .01 -14"
6. Caffeine consumption (yes) — — 86.6 — — — — — — -10' -.02 .02 .04 .02 -.07
7. Exhaustion 2.85 1.47 - — — — - - - - -.01 .10 .05 .05 -18
8. High Blood pressure (yes) — — 15.7 — — — — — — - — 14 20" 77 -21"
9. Diabetes (yes) — — 2.8 — — — — — — — — — 24" .50" -21"
10. High cholesterol (yes) — — 10.6 — — — — — — — — — — 727 -18"
11. CVD risk 0.29 0.58 - — — — — - - - — — — — -29°
Score 0 — — 76.8 — — — — — — — — — — — —

Score 1 18.0

Score 2 44

Score 3 0.8
12. VmHRV* 37.08 23.55 — — — — — — - - — — — — —

BMI = body mass index; CVD = cardiovascular disease; vmHRV = vagally-mediated heart rate variability, operationalized as root mean square of successive differences in the time
intervals between consecutive heart beats (RR intervals - the time elapsed between two successive R waves of the electrocardiogram QRS complex) at rest [RMSSD], logarith-

mized.
" P <.001.
TP < .05
¥ Intercorrelations were calculated with InRMSSD.

Table 2

Results of mediation analyses of exhaustion symptoms on CVD risk through vmHRV (Model 4; N = 388)

Outcome variables

vmHRV CVD risk

Estimate (SD) 95% CI Estimate (SD) 95% CI
Constant 4.74 (0.18)" 4.39; 5.09 -0.55 (0.31) -1.16; 0.07
Control variables
Age -0.02 (<0.01)" -0.02; -0.01 0.02 (<0.01) 0.01; 0.02
Sex 0.07 (0.06) -0.05, 0.18 <-0.01 (0.06) -0.12; 0.11
BMI -0.01 (<0.01) -0.02, <0.01 0.03 (<0.01)" 0.01; 0.04
Alcohol consumption 0.02 (0.09) -0.16; 0.21 -0.17 (0.10) -0.37; 0.02
Smoking -0.26 (0.07) -0.40, -0.11 <0.01 (0.08) -0.14; 0.16
Caffeine consumption 0.02 (0.08) -0.13; 0.18 -0.05 (0.08) -0.21; 0.11
Main effects
Exhaustion -0.06 (0.02)* -0.09; -0.02 <-0.01 (0.02) -0.04; 0.03
VmHRV - - -0.09 (0.05) -0.20; 0.01
Model fit statistics
F-value F(7380) = 22.36" - F(8379) = 14.81' -
R? 0.29 — 0.24 _

BMI = body mass index; CI = confidence interval; CVD = cardiovascular disease; vmHRV = vagally-mediated heart rate variability, operationalized as root mean square of successive
differences in the time intervals between consecutive heart beats (RR intervals- the time elapsed between two successive R waves of the electrocardiogram QRS complex) at rest

[RMSSD], logarithmized.
P < .05.

" P < .001
Tp<.0L

Sensitivity analysis

Lastly, we conducted sensitivity analyses including only female
(n=283) and male (n=105) subsets, respectively. Regarding our first
hypothesis, we found a significant negative association between
exhaustion symptoms and vmHRYV and a negative but insignificant
association between vmHRV and CVD risk in both subsets, after
adjusting for relevant covariates (Supplementary Tables 1 and 2).
Neither the negative direct association between exhaustion symp-
toms on CVD risk (male: B=-0.04, SE=0.04, 95%CI [-0.11, 0.04];
female: B>-0.01., SE = 0.02, 95%CI [-0.04, 0.04]) nor the indirect
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association of exhaustion symptoms on CVD risk mediated by
vmHRV were statistically significant (male: B<0.01., SE =0.01, 95%CI
[-0.01, 0.03]; female: B=0.01., SE<0.01, 95%CI [ >-0.01, 0.01]).

Regarding our second hypothesis, we observed a positive asso-
ciation between exhaustion and CVD risk through vmHRV among
men in all age groups, although insignificant (Supplementary
Table 3). Among women, we found a positive, but insignificant as-
sociation between exhaustion and CVD risk through vmHRV among
individuals aged 42.37 years and older. This association was negative
but insignificant in individuals aged 30.42years and younger
(Supplementary Table 4).
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vmHRV

.| cvD risk

exhaustion

Fig. 1. Hayes Process Model 59 [35]. Conditional indirect effect of exhaustion on
cardiovascular disease (CVD) risk through vagally-mediated heart rate variability
(vmHRV; operationalized as root mean sum of squares of successive differences in the
time intervals between consecutive heart beats (RR intervals - the time elapsed be-
tween two successive R waves of the electrocardiogram QRS complex) [RMSSD],
logarithmized) moderated by age.

Discussion

This study aimed to examine the potential role of vmHRV as a
biological link between exhaustion symptoms and CVD risk. Our
results indicate that vmHRV partially mediated the association be-
tween exhaustion symptoms and CVD risk, but only among middle-
aged and older individuals in our study.

The findings regarding our first hypothesis are partly consistent
with previous research. On the one hand, they align with the
growing body of research that focuses on the integral role of defi-
cient vagal inhibitory influence of ANS regulation, in addition to
markers of SNS dominance, in understanding the pathophysiological
mechanisms linking psychosocial factors to CVD morbidity and

Table 3

Annals of Epidemiology 87 (2023) 93-99

0.7 30.94 years

42.61 years
0.6

— 54.27 years

0.5
0.4

03 —
0.2

0.1

Cardiovascular Disease Risk Score

low mean

vmHRV

high

Fig. 2. Interaction of vagally-mediated heart rate variability (vmHRV; operationalized
as root mean sum of squares of successive differences in the time intervals between
consecutive heart beats (RR intervals - the time elapsed between two successive R
waves of the electrocardiogram QRS complex) [RMSSD], logarithmized) and age on
cardiovascular disease risk score. Simple slope effects representing the moderated
relation between vmHRV and age on the cardiovascular disease risk score at low
(M -1SD), average (M), and high (M + 1 SD) age levels.

Table 4
Conditional indirect effects of exhaustion on CVD risk through vmHRV at mean + 1 SD
values of age

Age Effect SE BootLLCI BootULCI
30.94 -0.004 0.003 -0.011 0.002
42.61 0.004 0.004 -0.002 0.013
54.27 0.014 0.008 0.001 0.033

BootLLCI = Bootstrap Lower Limit of Confidence Interval; BootULCI = Bootstrap upper
Limit of Confidence Interval; CVD =cardiovascular disease; vmHRV =vagally-medi-
ated heart rate variability.

mortality risk [14]. On the other hand, they are inconsistent with
previous findings of associations between vmHRV and CVD risk [14],
which might be explained by the large influence of age on vmHRV
and CVD risk which we considered in our second hypothesis.

In our second hypothesis, we found that vmHRV mediates the
association between exhaustion symptoms and CVD risk, although

Results of mediation analysis of exhaustion on CVD risk through vmHRV moderated by age (Model 59; N = 388)

Outcome variables

vmHRV CVD risk

Estimate (SD) 95% CI Estimate (SD) 95% CI
Constant 4.64 (0.26)" 412; 515 -2.52 (0.73)" -3.95; -1.10
Control variables
Sex 0.07 (0.06) -0.05; 0.18 -0.02 (0.06) -0.14; 0.09
BMI -0.01 (0.01) -0.02; <0.01 0.03 (0.01) 0.02; 0.04
Alcohol consumption 0.03 (0.09) -0.16; 0.21 -0.19 (0.10)' -0.38, < -.01
Smoking -0.26 (0.07)" -0.41; -0.11 0.01 (0.08) -0.15, 0.16
Caffeine consumption 0.02 (0.08) -0.13; 0.17 -0.05 (0.08) 0.21; 0.11
Main effects
Age -0.02 (<0.01) -0.03; -0.01 0.06 (0.02) 0.03; 0.09
Exhaustion -0.02 (0.07) -0.16; 0.11 -0.03 (0.07) -0.17; 0.11
VmHRV — — 0.49 (0.18)* 0.13; 0.84
Interaction effects
Exhaustion * age >-0.01 (<0.01) >-0.01; <0.01 <0.01 (<0.01) >-0.01; <0.01
VmHRV * age — — -0.01(<0.01)* -0.02, <-0.01
Model fit statistics
F-value F(8379)=19.56 F(10,377)=13.35
R2 0.29 0.26

BMI = body mass index; CVD = cardiovascular disease; vmHRV = vagally-mediated heart rate variability, operationalized as root mean square of successive differences in the time
intervals between consecutive heart beats (RR intervals - the time elapsed between two successive R waves of the electrocardiogram QRS complex) at rest [RMSSD], logarith-

mized.
* P<.001
T p< .05
fp<.01
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age-dependent, with precise indirect associations observed only
in individuals aged 54.27 years and older. Interestingly, we found a
significant moderation of age only in the association between
vmHRV and CVD risk, but not in the association between ex-
haustion symptoms and vmHRYV or exhaustion symptoms and CVD
risk. This finding is in accordance with the current knowledge in
this research area, where the age-dependency of cardiovascular
health [21] and vmHRV [22] is well established, while exhaustion
symptoms do not appear to show a strong age dependency. Prior
studies have reported only small correlations between age and
exhaustion symptoms [25]. Our results support the notion that
age plays a stronger role in biomarkers of ANS imbalance and CVD
risk than in exhaustion symptoms. This age-dependent associa-
tion may be explained by previous findings suggesting that mea-
surable modifications in CVD risk only occur after long-lasting and
persistent changes in physiological markers, such as autonomic
imbalance [47].

Due to implications of sex-specific effects on exhaustion, vmHRV,
and CVD risk reported in previous studies [42-44], we conducted
sensitivity analyses with sex-specific subsets. In accordance, we
found age-dependent indirect associations between exhaustion and
CVD risk through vmHRV in both subsets. Although the direction of
associations remained the same except for 1 weak estimate in men,
statistical significance was not reached in either subset. This is
possibly due to the considerably lower statistical power in the
subsets compared to the full sample. The association between per-
sistent exhaustion-related physiological changes and CVD risk we
observed may extend to a public health level. In a comparative
analysis of life expectancy in high-income countries, Jasilionis et al.
[4] concluded that Germany’s poor longevity performance compared
to other high-income countries is primarily attributed to premature
cardiovascular mortality, particularly among middle-aged and older
individuals who work. These results underline our findings de-
monstrating a significant association between chronic work-related
exhaustion and CVD risk among older individuals, but not younger
ones. While predicting morbidity and mortality was beyond the
scope of this study, our results shed light on the biological under-
pinnings between psychosocial factors and CVD. Longitudinal stu-
dies are needed to validate the causal assumptions of the proposed
mediation model. In addition, future research should explore com-
plementary biological pathways, such as the hypothalamic-pitui-
tary-adrenal axis which has also been associated with exhaustion
symptoms [48] and CVD risk factors.

The present study has several limitations which should be con-
sidered. First, the present study represents a cross-sectional analysis
utilizing a single wave of the DBS, and thus no conclusions about
causality or directionality can be drawn. Nevertheless, longitudinal
evidence from this cohort has previously documented linkages be-
tween burnout/exhaustion and reduced vmHRV at 1 and 3 year in-
tervals [20,49], both confirming the findings of observation
documented in previous investigations (e.g., [6, 8]).

Second, we operationalized CVD risk as the cumulative occur-
rence of self-reported physician diagnosed hypertension, hyperch-
olesterinaemia, and diabetes, three of the most prevalent and
commonly comorbid biological risk factors for severe and fatal car-
diovascular outcomes [32, 33]. This is not without controversy as
established CVD risk scores include lifestyle-related risk factors such
as smoking or family history of CVD, as well [32]. Family history of
CVD was not recorded in our sample, and rates of smoking across the
sample were relatively low and higher among men (14.3%) than
women (13.4%). Because diagnosis is based on self-report, there may
be a greater likelihood of outcome misclassification. On balance, it is
equally feasible that some participants unknowingly carried a risk
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factor or diagnosis, and thus, did not endorse these items (i.e., under-
reporting) which heightens the probability of effect under-
estimation. Nevertheless, self-reports of physician diagnoses, as well
as the summation of self-reported diagnosis and symptoms, are a
common tool in population-based and epidemiologic studies when
more invasive and/or expensive screening and assessment may not
be practical. Furthermore, the prevalence of hypertension, hy-
percholesterolemia, and diabetes in our sample is comparable to
those reported among larger population-based German sam-
ples [50-52].

Third, as discussed in the published DBS protocol [27], one aim of
the simple inclusion criteria was to facilitate recruitment of a pro-
fessionally, socioeconomically, and clinically/medically diverse
sample which expected concomitant variation in burnout sympto-
matology. Thus, at least with respect to similarly aged working in-
dividuals in Germany and likely other industrialized nations/
countries, our findings may bear greater than average general-
izability. However, the lower number of male participants, reliance
on a simple index of CVD risk, and cross-sectional nature of the
present may limit this extensibility.

In conclusion, our findings suggest that vmHRV mediates the
association between exhaustion symptoms and CVD risk among
middle-aged and older individuals, relative to younger individuals in
a large heterogeneous sample. Though additional replication and
longitudinal studies are needed to confirm this pattern, these ob-
servations may hold important implications for prevention and
treatment strategies to address the recent increases of CVD in high-
income countries [2] and eventually reduce its global burden.
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Results of mediation analyses of exhaustion symptoms on CVD risk through vmHRV among male participants (Model 4; N =105)
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Outcome variables

vmHRV CVD risk

Estimate (SD) 95% CI Estimate (SD) 95% CI
Constant 4.59 (0.40) 3.81; 5.37 -0.80 (0.62) -2.02; 0.43
Control variables
Age -0.02 (<0.01)* -0.03; -0.01 0.01 (<0.01)' <0.01; 0.02
BMI >-0.01 (0.01) -0.03; 0.02 0.06 (0.01)" 0.03; 0.08
Alcohol consumption 0.09 (0.24) -0.38; 0.58 -0.35 (0.25) -0.84; 0.14
Smoking -0.12 (0.14) -0.41; 0.16 0.20 (0.15) -0.09; 0.49
Caffeine consumption -0.09 (0.19) -0.47; 0.28 -0.27 (0.19) -0.65; 0.11
Main effects
Exhaustion -0.10 (0.03)" -0.17; -0.04 -0.04 (0.04) -0.11; 0.04
VmHRV - — -0.08 (0.10) -0.28, 0.13
Model fit statistics
F-value F(6,98)=5.09 - F(7,97)=6.84 -
R2 0.24 — 0.33 -

BMI = body mass index; CVD = cardiovascular disease; vmHRV = vagally-mediated heart rate variability, operationalized as root mean square of successive differences in the time
intervals between consecutive heart beats (RR intervals - the time elapsed between two successive R waves of the electrocardiogram QRS complex) at rest [RMSS], logarithmized.

" P<.001
TpP<.05
fp<.oL

Supplementary Table 2

Results of mediation analyses of exhaustion symptoms on CVD risk through vmHRV among female participants (Model 4; N =283)

Outcome variables

vmHRV CVD risk

Estimate (SD) 95% CI Estimate (SD) 95% CI
Constant 4.83 (0.19)" 4.46; 5.20 -0.39 (0.36) -1.10; 0.32
Control variables
Age -0.02 (<0.01)" -0.03, -0.02 0.02 (<0.01)* <0.01; 0.02
BMI -0.01 (<0.01) -0.02; <0.01 0.02 (<0.01)" 0.01, 0.03
Alcohol consumption 0.01 (0.10) -0.19; 0.22 -0.13 (0.11) -0.34; 0.08
Smoking -0.31 (0.09)" -0.48; -0.14 -0.08 (0.09) -0.26; 0.10
Caffeine consumption 0.05 (0.09) -0.12; 0.22 -0.01 (0.09) -0.17; 0.18
Main effects
Exhaustion -0.04 (0.02)' -0.08, >-0.01 >-0.01 (0.02) -0.04; 0.04
VmHRV - - -0.12 (0.06) -0.24; 0.01
Model fit statistics
F-Value F(6276)=21.48" F(7275)=11.91"
R2 0.32 0.23

BMI = body mass index; CVD = cardiovascular disease; vmHRV = vagally-mediated heart rate variability, operationalized as root mean square of successive differences in the time
intervals between consecutive heart beats (RR intervals - the time elapsed between two successive R waves of the electrocardiogram QRS complex) at rest [RMSS], logarithmized.

1P < .01,

" P<.001
T p< .05

Supplementary Table 3

Conditional indirect effects of exhaustion on CVD risk through vmHRV among male participants at mean + 1SD values of age (N = 105)

Age Effect SE BootLLCI BootULCI
3234 0.001 0.009 -0.019 0.018
43.24 0.007 0.013 -0.018 0.035
54.14 0.017 0.037 -0.051 0.099

BootLLCI = Bootstrap Lower Limit of Confidence Interval; BootULCI = Bootstrap upper Limit of Confidence Interval

Supplementary Table 4

Conditional indirect effects of exhaustion on CVD risk through vmHRV among female participants at mean + 1 SD values of age (N =283)
Age Effect SE BootLLCI BootULCI
3042 -0.004 0.004 -0.014 0.003
42.37 0.005 0.004 -0.001 0.015
54.32 0.011 0.010 -0.007 0.033

BootLLCI = Bootstrap Lower Limit of Confidence Interval; BootULCI = Bootstrap upper Limit of Confidence Interval
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Supplementary Table 5

Missingness of included variables in the full sample (N =423)
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N n missing % missing

1. Age (y) 422 1 0.24
2. Sex (male) 423 0 0.00
3. BMI (kg/m2) 421 2 0.47
4. Alcohol consumption (yes) 422 1 0.24
5. Smoking (yes) 417 6 1.42
6. Caffeine consumption (yes) 419 4 0.95
7. Exhaustion 421 2 0.47
8. High blood pressure (yes) 419 4 0.95
9. Diabetes (yes) 411 12 2.84
10. High cholesterol (yes) 413 10 2.36
12. VmHRV (InRMSSD) 423 0 0.0

99.e2



	Exhaustion and cardiovascular risk factors: the role of vagally-mediated heart rate variability
	Purpose
	Methods
	Participants and procedure
	Self-report measures
	Vagally-mediated heart rate variability
	Statistical analysis and data exclusion

	Results
	Descriptive statistics and correlation analyses
	Indirect effect of exhaustion symptoms on CVD risk through vmHRV
	Moderation effects of age on the indirect effect of exhaustion symptoms on CVD risk through vmHRV
	Sensitivity analysis

	Discussion
	Funding
	CRediT authorship contribution statement
	Data availability
	Declaration of Competing Interest
	Acknowledgments
	References
	Supplementary material


