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Summary

Burnout has been associated with increased risk of cardiovascular disease. This relationship may
be mediated by a stress-related disruption in cardiac autonomic activity. The aim of the present
study was to assess cardiac autonomic activity (sympathetic and parasympathetic) during a
working day in burned out managers. Thirty burned out, 29 healthy control and 29 engaged
managers (a psychologically contrasting group) were identified using the Maslach Burnout
Inventory-General Survey (MBI-GS) and the Utrecht Work Engagement Scale (UWES). Twenty-
four-hour ambulatory measurements were carried out during a regular workday and the subse-
quent night. Pre-ejection period (PEP) and respiratory sinus arrhythmia (RSA) were used as
measures of cardiac sympathetic and parasympathetic activity, respectively. Contrary to expecta-
tions, the burned out, engaged and control groups did not differ in cardiac sympathetic and cardiac
parasympathetic activity, or beart rate. Thus, burnout does not seem to be associated with an

unfavourable cardiac autonomic profile. Copyright © 2009 John Wiley & Sons, Ltd.
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Burnout is a work-related syndrome primarily
caused by chronic high job demands, poor job
resources and insufficient recovery (Halbesleben
& Buckley, 2004; Maslach, Schaufeli, & Leiter,
2001). Its characteristics are emotional exhaus-
tion, cynicism and reduced professional efficacy

* Correspondence to: Lorenz van Doornen, Depart-
ment Of Clinical & Health Psychology, Utrecht Uni-
versity, PO Box 80.140, 3508 TC Utrecht, The
Netherlands.

tE-mail: 1.j.p.vandoornen@uu.nl

Copyright © 2009 John Wiley & Sons, Ltd.

(Maslach et al., 2001). Burnout is associated with
self-reported ill health (Soderfeldt, Soderfeldt,
Ohlson, Theorell, & Jones, 2000) and there is
evidence for burnout, and the related concept of
vital exhaustion, to be risk factors for cardiovas-
cular disease (CVD) (Melamed, Shirom, Toker,
Berliner, & Shapira, 2006). An elevated CVD risk
to be associated with burnout would not be that
improbable, considering the accumulated evi-
dence that chronic work stress about doubles the
risk of CVD (Belkic, Landsbergis, Schnall, &
Baker, 2004) and burnout by definition is a work
stress-related syndrome. Assuming a role of
burnout as a CVD risk factor, the question rises
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what the mediating (stress) physiological mecha-
nisms may be.

Melamed et al. (2006) suggest possible mediat-
ing roles of the metabolic syndrome, dysregula-
tion of the hypothalamic—pituitary—adrenal axis,
immunological factors and fibrinolysis. Underex-
posed in this review is the potential mediating
role of the autonomic (sympathetic and parasym-
pathetic) nervous system. Sympathetic arousal is
at the core of the stress response, and a sustained
over-activity is supposed to play a role as a medi-
ator between stress and CVD because of its influ-
ence on, for example, the initiation and progression
of atherosclerosis, blood coagulation and cardiac
electrical stability. The other branch of the auto-
nomic nervous system, the parasympathetic
(vagal) system, is supposed to have cardioprotec-
tive properties; thus, vagal under-activity may
also play a role as a mediator between stress and
CVD. Indeed, low vagal control has shown to be
an independent prognostic factor for cardiac
disease, and cardiac- and all-caused mortality
(Dekker et al., 2000). The plausibility of finding
low vagal control in burned out persons is
strengthened by the findings of reduced vagal
control in depression, anxiety (disorders) and
other negative mental health conditions (Rotten-
berg, 2007; Watkins, Grossman, Krishnan, &
Sherwood, 1998), all psychological conditions
correlated with burnout (Schaufeli & Enzmann,
1998). Yet, another reason to expect deviations
in cardiac autonomic control in burnout is that
several studies have observed differences in sym-
pathetic and/or vagal cardiac control by way of
ambulatory recordings in groups differing in
levels of work stress (Collins, Karasek, & Costas,
2005; Hanson, Godaert, Maas, & Meijman,
2001; Vrijkotte, van Doornen, & de Geus, 2000,
2004).

To date, only two studies investigated cardio-
vascular functioning in burnout (De Vente, OIff,
Van Amsterdam, Kamphuis, & Emmelkamp,
2003; Zanstra, Schellekens, Schaap, & Kooistra,
2006). De Vente et al. (2003) observed a higher
heart rate (HR) both at rest and during a stress
test, as compared with a group of healthy con-
trols. Zanstra et al. (2006) measured burnout and
controls on a simulated workday while measuring
HR and high-frequency HR variability (HF-HRV)
as an index of vagal control. They observed no
group differences in resting HR and HF-HRV.
Both studies, however, took place in a laboratory
setting, and it thus remains to be seen whether
the obtained results can be generalized to the real
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world. The aim of the current ambulatory study
is to examine HR, and sympathetic and vagal
influences on the heart of burned out employees,
during work and non-work activities in a daily
life setting.

It is obvious to use ‘normal’ employees as a
control group. In an effort to increase the power
to detect possible physiological disturbances in
the burned out subjects, we decided to include an
additional control group with opposite work-
related well-being: highly work-engaged employ-
ees. Work engagement is defined as a positive,
fulfilling state of mind characterized by vigour,
dedication and absorption (Schaufeli, Salanova,
Gonzalez-Roma, & Bakker, 2002). In contrast to
burnout, work engagement is (positively) associ-
ated with job resources and is related to positive
mental and psychosomatic health (for a review,
see Schaufeli & Salanova, 1997). The expectation
of a potentially increased vagal control in work-
engaged persons is necessarily indirect because
not investigated before. In a recent review on
positive affect (PA), a construct related to work
engagement, it was concluded that PA might be
associated with relatively elevated parasympa-
thetic cardiac control (Pressman & Cohen, 2005).
Furthermore, Steptoe and Wardle (2005) reported
that greater happiness was associated with lower
ambulatory HR during a working day. On the
basis of this indirect evidence, we might expect
work engagement to be related to a healthy
cardiac profile as manifested in stronger car-
diac vagal control as compared with the burnout
subjects.

In short, the aim of the current ambulatory
study is to examine cardiac autonomic (sympa-
thetic and parasympathetic) activity in a daily life
setting in two opposite poles of work-related
well-being: burned out and engaged employees.
Both groups will be compared with a normal
control group.

Method
Participants

In total, 88 male managers participated in this
study. These managers were selected from a larger
sample of managers (7 = 338) employed at a
Dutch telecommunications company. An exten-
sive periodic employee health and well-being
survey was carried out in this company by an
Occupational Health Service. The survey was sent
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to the home addresses of 450 managers of which
338 returned the completed survey (response
rate = 75%). Managers were assigned to the
burned out group when their individual score on
the burnout questionnaire [Maslach Burnout
Inventory—General Survey (MBI—GS)] met
the following validated inclusion criteria (e.g.
Brenninkmeijer & Van Yperen, 2003): exhaus-
tion > 2.2 and either cynicism > 2.0 or personal
accomplishment < 3.66. These criteria were based
on validated cut-off points from the test manual
(Schaufeli & Van Dierendonck, 2000) that have
been established using a group of 100 employees
with ICD-10 work-related neurasthenia (see
Schaufeli, Bakker, Schaap, Kladler, & Hoogduin,
2001). These cut-off points had been confirmed
in other independent studies with burned out
patients (e.g. Brenninkmeijer & Van Yperen,
2003; Roelofs, Verbraak, Keijsers, de Bruin, &
Schmidt, 2005). Thirty managers fulfilled the
burnout inclusion criteria.

In contrast to burnout, a statistical cut-off
point for work engagement was used: managers
who scored higher than 4.67 (i.e. mean sum of all
17 items) on the engagement questionnaire
[(Utrecht Work Engagement Scale (UWES)] were
assigned to the engaged group (7 = 29). This cut-
off score corresponds with the 75th percentile
of the score distribution of the UWES in the
Dutch normative sample of over 9,000 persons
(M =9,679) (Schaufeli & Bakker, 2003).

The control group (7 = 29) was composed of
managers with an individual score according to
the following inclusion criteria: (1) burnout ques-
tionnaire (MBI—GS) exhaustion < 1.5, cynicism
< 1.0 and personal accomplishment > 3.66;
and (2) engagement questionnaire (UWES) mean
score < 4.67. Managers were excluded if they had
any CVD, a body mass index (BMI) > 30, or if
they used alcohol or drugs excessively. All the
participants signed an informed consent. The
university ethics committee approved the study.
The participants did not receive any monetary
reward for participation but were freely offered a
general medical health check.

Procedure

The managers underwent ambulatory monitoring
on one full workday and the subsequent night.
They were visited at their workplace between 8
a.m. and 11 a.m. After the general instructions,
the recording electrodes were attached and con-
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nected to the Vrije Universiteit Ambulatory Moni-
toring System (VU-AMS, see succeeding sections).
The managers continued working and followed
their normal working routines as well as their
daily routines at home. They were instructed to
keep a diary of their activities and to write down
the time, their activity, their body posture and
their location every half an hour during daytime.
The managers wore the device the entire day and
night up until awakening the next morning. They
removed the device by themselves after wak-
ing up, and it was returned to the researcher
later on.

Psychological measures

Burnout was measured with the Dutch version
(Schaufeli & Van Dierendonck, 2000) of the
MBI—GS (Schaufeli, Leiter, Maslach, & Jackson,
1996). The Dutch MBI—GS consists of 15 items
and taps three subscales, namely exhaustion (five
items, e.g. ‘I feel mentally exhausted because of
my work’; oo = 0.93), cynicism (four items, e.g. ‘I
doubt the significance of my work’; o.= 0.85) and
professional efficacy (six items, e.g. ‘I can effec-
tively solve the problems that arise in my work’;
o= 0.83), which are scored on a seven-point scale
ranging from 0 (never) to 6 (every day).

Work Engagement was measured with the
UWES (Schaufeli & Bakker, 2003; Schaufeli
et al., 2002). The UWES includes 17 items that
are indicative of three dimensions, namely vigour
(six items, e.g. ‘At work, I feel full of energy’;
o= 0.88), dedication (five items, e.g. ‘I am enthu-
siastic about my job’; o = 0.94) and absorption
(six items, e.g. ‘When I am working, I forget
everything else around me’; oo = 0.74), which are
scored on a seven-point scale ranging from 0
(never) to 6 (every day).

Ambulatory physiological measures

The ambulatory electrocardiogram (ECG) and
impedance cardiogram (ICG) were measured con-
tinuously from a six-Ag/AgCl electrode configu-
ration using the VU-AMS (version 4.3, TD-FPP,
Vrije Universiteit, Amsterdam, The Netherlands;
www.psy.vu.nl/vu-ams). The average motility
over 30-second periods was additionally moni-
tored and stored by this device throughout the
recording time and used as a proxy for gross body
movement. Details on the recording methodology
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and reliability, and validity of the VU-AMS can
be found in de Geus, Willemsen, Klaver, and van
Doornen (1995), de Geus and van Doornen
(1996), Riese et al. (2003), and Willemsen, de
Geus, Klaver, van Doornen and Carroll (1996).

An interactive graphical program (AMSGRA)
was used to display the recorded heart period
time series, together with the motility signal, and
information on the type of activity and (changes
in) posture from the diary. This made it possible
to accurately specify the exact start and termina-
tion of changes in type of activity and posture
that the managers reported in the diary. The
entire data file was hereby divided into segments
coded for: posture (supine, sitting, standing,
walking), activity (e.g. meeting, computer work,
watching television) and location (e.g. work,
home, on the road). Sub-segments containing too
many artefacts were rejected. The minimum dura-
tion of the originally coded segments was 5 min;
maximum duration was 1 h. Since cardiac mea-
sures are largely influenced by posture and move-
ment (Houtveen, Groot, & de Geus, 2005), we
decided to analyse only segments in which man-
agers were seated or in supine position. Three
final segment conditions were selected for further
analysis: sitting at work, sitting in leisure time
and supine during sleep. This distinction is con-
sistent with the approach taken by Vrijkotte et al.
(2000, 2004).

Cardiac autonomic measures were defined for
each of the selected segment conditions (i.e.
sitting-work, sitting-leisure, sleep). Data prepara-
tion is described in detail elsewhere (see Houtveen
& van Doornen, 2007; Houtveen & Molenaar,
2001). In short, artefact pre-processing was per-
formed first. Next, segment-specific mean inter-
beat interval (IBI) values were computed as a
measure of HR. Next, discrete wavelet transfor-
mation was performed to compute the HF power
(the variance in the 0.125-0.5 Hz window) as
measure of respiratory sinus arrhythmia (RSA),
reflecting changes in cardiac parasympathetic
(vagal) control (Berntson et al., 1997). The HF
power values were 10log transformed to obtain
normal distributions. Pre-ejection period (PEP)
was manually scored using the VU-AMS interac-
tive software (AMSIMP), which graphically dis-
plays the large-scale ensemble averaged ICG
signal (i.e. averaged per segment). PEP was used
as a measure of cardiac sympathetic control
(Sherwood, Fahrenberg, Kelsey, Lovallo, & van
Doornen, 1990). PEP reflects the time interval
between the onset of the electromechanical systole
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(Q-wave onset) in the ECG and the onset of left
ventricular ejection at the opening of the aortic
valves (B-point) in the ICG. The B-points were
manually determined for each ensemble averaged
(selected) segment, and the PEP values were deter-
mined by summing a fixed Q-to-R interval of
48 ms to the R-B interval time.

Statistical analyses

Multivariate analysis of variance (MANOVA)
and y” tests were used to test whether the three
groups differed with respect to demographics,
psychological measures, total duration of the
selected segments and hours spent on different
activities. Repeated measure univariate ANOVA
tests were used to test if the burned out, engaged
and control group differed in IBI, HF power and
PEP with the within factor Condition (3) and the
between factor Group (3).

Results
Demographics and psychological measures

The mean scores of demographics and psycho-
logical measures are displayed in Table I. The
three groups did not differ from each other with
respect to smoking behaviour and BMI. As
obvious, the groups differed strongly from each
other with regard to all psychological measures,
multivariate F(12, 160) = 22.23, p < 0.001. Bon-
ferroni post-hoc tests showed that the burned out
group scored significantly higher on exhaustion
and cynicism than the two other groups and
lower on professional efficacy (p < 0.001), vigour
(p < 0.001) and dedication (p < 0.001). The
engaged group scored significantly higher on all
work engagement scales than the two other
groups (p < 0.001 for both).

Physiological registration periods

No significant group differences were found in
registration duration and the total duration of the
selected segments. The mean duration of the VU-
AMS registrations was 21:23 £ 1:53 in the burned
out group, 21:18 + 1:31 in the engaged group
and 21:13 + 1:38 in the control group. The mean
total duration of the selected segments in these
groups were 18:46 + 2:24, 18:56 *+ 2:46 and
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Table I. Mean and standard deviation (SD) for the burned out, engaged and control groups on demographic
variables and psychological measures.

Burned out (7 = 30) Engaged (2 =29) Control (7 =29) Test value

Mean (SD) Mean (SD) Mean (SD)
Demographics
Age (years) 43.8 (7.60) 43.8 (8.26) 42.4 (8.22) F=0.22, ns
Organizational tenure (years) 18.5 (10.48) 18.5 (12.22) 20.1 (12.52) F=0.16, ns
Current function (years) 2.1 (1.46) 1.8 (1.25) 1.4 (0.91) F=248, ns
Marital status (% married) 96.7 89.3 72.4 x> =8.51,ns
Educational level, secondary (%) 46.7 32.1 53.6 x> =2.72,ns
Educational level, college (%) 53.3 67.9 46.4
BMI (kg/m?) 25.7 (3.36) 25.2 (2.12) 26.1 (3.37) F=0.63, ns
Smokers (%) 30.0 14.8 14.3 x*=2.90, ns
Burnout (MBI—GS)'
Exhaustion 3.0° (0.69) 0.84% (0.72) 0.91° (0.95) F=71.66
Cynicism 2.5 (0.87) 0.38> (0.46) 0.53%(0.46) F=107.02
Professional efficacy 3.5% (0.74) 4.9 (0.54) 4.5 (0.57) F=43.18
Work Engagement (UWES)
Vigour 3.4* (0.70) 5.2°(0.38) 4.4¢ (0.63) F=70.11
Dedication 3.2° (0.80) 5.5%(0.39) 4.7°(0.69) F=91.09
Absorption 3.4* (0.69) 4.7°(0.36) 3.5 (0.62) F=44.48

Note: Means with unequal superscripts (a, b, ¢) differ significantly from each other at the p < 0.001 level.

"Burnout and work engagement are measured on seven-point scales ranging from 0 (never) to 6 (every day).

ns: not significant; BMI: body mass index; (MBI—GS): Maslach Burnout Inventory—General Survey; UWES: Utrecht Work
Engagement Scale.
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Figure 1. Percentage of time spent in different postures during the measurement day for the burned out, engaged
and control group.

19:07 + 2:45, respectively. Furthermore, a com- IBI, HF Power and PEP

parison of the time (h) spent in different postures

showed that the three groups did not differ in the =~ The mean scores of the three groups on IBI,
duration of postures during the different periods HF power and PEP during the conditions
(Figure 1). (sitting-work, sitting-leisure, sleep) are presented
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Table II. Mean and standard deviation (SD) for the burned out, engaged and control groups on IBI, HF power

and PEP.

Burned out (z = 30)

Mean (SD)

Engaged (7 = 29)

Mean (SD)

Control (7 = 29)

Mean (SD)

IBI (ms)

Sitting at work 838.78 (99.78)
Sitting in leisure time 871.45 (113.22)
Sleep 1,028.65 (97.11)

820.20 (110.21)
837.06 (106.58)
1,022.84 (171.01)

841.09 (112.43)
863.43 (126.70)
1,041.95 (146.76)

HF power ("’log ms?)

Sitting at work 2.39 (0.39)

Sitting in leisure time 2.31 (0.41)

Sleep 2.49 (0.45)
PEP (ms)

Sitting at work 83.33 (9.76)

Sitting in leisure time 83.49 (9.18)

Sleep 84.32 (9.77)

2.41 (0.42) 2.43 (0.33)
2.32 (0.46) 2.34 (0.37)
2.56 (0.51) 2.61 (0.38)

84.32 (8.27) 83.76 (10.30)

84.74 (8.83) 83.24 (10.33)

85.94 (8.94) 84.75 (10.58)

IBI: inter-beat interval; HF: high frequency; PEP: pre-ejection period.

in Table II. The repeated measure analysis for
IBI showed a significant main effect for condition,
F(2, 79) = 210.00, p < 0.001, indicating that
IBI was different for the different situations
across groups. Post-hoc tests showed that IBI
during sleep was larger than IBI during the day
(p < 0.001), whereas IBI sitting in leisure time
was larger than IBI sitting at work (p < 0.001).
The main group effect for IBI was not signifi-
cant, F(2, 80) = 0.33, p = 0.72, indicating that
the three groups did not differ in IBI across
conditions. No significant condition X group
interaction was found either, indicating that
condition-specific group differences were absent
as well.

The results for HF power and PEP, our meas-
ures for cardiac parasympathetic and sympathetic
control, respectively, more or less resemble the
results for HR. With regard to HF power, a sig-
nificant main effect was found for condition, F(2,
79) = 30.30, p < 0.001. Post-hoc tests showed
that HF power during sleep was larger than HF
power during the day (p < 0.001), whereas
HF power sitting in leisure time was larger than
HF power sitting at work (p < 0.001). Notice that
the order sitting in leisure versus sitting at work
is different compared with IBI. The main group
effect for HF power and the condition X group
interaction were not significant.

For PEP, a significant main effect for condition
was also found, F (2, 79) = 5.89, p < 0.005. Post-
hoc tests showed that PEP during sleep was longer
(indicating smaller sympathetic drive) than PEP
during the day (p < 0.005), whereas PEP sitting

Copyright © 2009 John Wiley & Sons, Ltd.

at work did not differ from PEP sitting in leisure
time (p = 0.93). Again, the main group effect and
the condition X group interaction were not sig-
nificant.

Discussion

The central aim of the present study was to
examine cardiac autonomic activity in a daily
life setting in burned out and work-engaged
employees. The results showed that these two
opposite poles of work-related well-being neither
differed from each other, nor from a ‘normal’
control group with regard to HR, cardiac sympa-
thetic and cardiac parasympathetic activity,
and neither in basal levels during sleep nor in
reaction to the work setting. So, we could not
replicate the laboratory study observing a higher
basal HR in burned out individuals (De Vente et
al., 2003). In contrast to earlier suggestions
(Steptoe & Wardle, 2005), a positive affective
state such as work engagement could also not
be linked to a lower HR or a favourable
sympathovagal balance.

As far as burnout overlaps with the concept
of vital exhaustion (Shirom, Melamed, Toker,
Berliner, & Shapira, 2005), our negative findings
with respect to parasympathetic activity are in
line with a laboratory study that observed no
difference in resting-state HF-HRV between
middle-aged male workers scoring extreme high
or low on vital exhaustion (Watanabe et al.,
2002).
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Assuming that the burned out subjects will
experience their work situation as more stressful
and overcommitment to work is associated
with vital exhaustion (Preckel, von Kinel,
Kudielka, & Fischer, 2005), we can also
compare our results with those studies that have
assessed the effects of job stress on ambulatory-
measured HR and cardiac autonomic balance.
Riese, van Doornen, Houtman and de Geus
(2004), observed no effects of work stress on
HR and HRYV as a measure of vagal tone either.
This study, however, included young, healthy,
female nurses. Vrijkotte et al. (2000), also meas-
uring middle-aged males similar to the present
study, found no effect of overcommitment on HR
and vagal tone. Hanson et al. (2001) did not
find an association between HRV and work
stress (measured by effort, reward, effort-reward
imbalance and demands) either. On the other
hand there are some positive findings as well. In
the large-scale Whitehall study, those civil serv-
ants experiencing low job control showed lower
HRV (Hemingway et al., 2005). In the aforemen-
tioned study of Vrijkotte et al. (2000), individuals
with a high effort-reward imbalance showed a
lower 24-hour vagal tone and a higher HR,
and overcommitted employees showed a shorter
PEP, reflecting higher sympathetic activity
(Vrijkotte et al., 2004). In this study, however,
another index of work stress (i.e. effort-reward
imbalance) was not related to stronger sympa-
thetic activity.

It thus seems that some specific aspects (opera-
tionalizations) of work stress may have an effect
on HR or cardiac autonomic balance, whereas
other aspects have not. Because burnout is the
result of a complex interaction between all of
these aspects of work stress and individual vul-
nerability, it is hard to predict what to expect
with respect to the cardiac correlates of burnout.
It remains surprising, however, that although
several studies have shown an effect of (varying
aspects of) work stress on cardiac autonomic
functioning, no effects were found for burned out
managers. This is remarkable because burned out
employees succumbed under the influence of
chronic work stress and are thus more extreme in
this respect than the participants in the aforemen-
tioned ambulatory studies. On the other hand, it
may be a simplification to compare the more or
less acute effects of daily work stress on cardiac
parameters with the effects of burnout, which is
a chronic state of exhaustion that results from
long lasting work stress.

Copyright © 2009 John Wiley & Sons, Ltd.

Limitations

A limitation of our study may be that the partici-
pants were all managers, working in the same
company and thus constituted a relatively homog-
enous sample, thereby restricting variance. Never-
theless, we observed considerable variance in the
burnout and engagement scores and thus were able
to select a sufficiently large group fulfilling the
established criteria for burnout and work engage-
ment. Another potential limitation of our study is
the ‘bealthy worker effect’. Although our burned
out managers had burnout scores similar to indi-
viduals who receive psychotherapeutic treat-
ment for their complaints (Schaufeli & Van
Dierendonck, 2000), they were all still working.
This implies that more severely burned out manag-
ers (who were on sick leave or had left their job
altogether) were not included. However, after
having visited the Occupational Health Service,
one-third of the managers in the burned out group
were, on advice of the occupational health physi-
cian, sent home for several weeks to recover. This
implies that rather severe burnout cases were also
included in our sample. Moreover, the inclusion of
a psychologically contrasting group (Gonzdles-
Roma, Schaufeli, Bakker & Lloret, 2006), the
engaged managers, has increased the power to find
deviating physiological values for the burnouts.

The concept of burnout was operationalized as
a combination of scores on three subscales. With
respect to burnout, doubts have been expressed
on the relevance of a burnout total score (Maslach,
Leiter, & Schaufeli, 2008). With respect to a pos-
sible association of burnout with (reduced) vagal
activity, probably the exhaustion component is
the most relevant (as outlined in the introduction)
considering its association with an energetic/
physiological dimension. The distance to physiol-
ogy seems more remote for the social-cognitive
burnout facets of cynicism and personal accom-
plishment. Despite the fact that the groups in the
present study differ considerably in exhaustion
scores, the potential effect of exhaustion on vagal
control is diluted by selecting the groups on the
basis of a combined selection criterion. Future
studies specifically focusing on the exhaustion
component may have a higher sensitivity to detect
effects on vagal control. The same limitation
applies to our definition of engagement as a sum
score of three subscales. Maybe a focus on the
vigour component in future studies searching for
physiological correlates of engagement is more
promising.
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An absence of group differences may be due to
an incomplete correction for confounding varia-
bles. One can imagine burned out persons to be
more depressed, to use anti-depressants or to
have a lower physical fitness. All of these factors,
however, would favour the chance of finding dif-
ferences in autonomic control between the burned
out group and the other groups.

A final limitation may be that we measured
only one work day, thereby limiting the reliability
of the physiological recordings in the sense of
representativeness of this particular day. An argu-
ment in favour of our one-day approach, however,
is the high test-retest reliability of ambulatory
HR, PEP and RSA recordings: between two work
days around 0.90 (Vrijkotte et al., 2004). Also,
the long-term stability of 24-hour recordings is
rather good (r > 0.66) and comparable to stability
as assessed under standardized laboratory con-
ditions (Burleson, Poehlman, Hawkley, Ernst,
Berntson, 2003).

Our results suggest that burned out managers
have a normal cardiac autonomic profile. This
does not rule out, however, that studying the
dynamics of autonomic control may show devi-
ances. We measured baseline functioning in sitting
positions at work, at home and during sleep. We
did not measure the responsivity to stressful events
or periods. The study by De Vente et al. (2003)
showed that physiological reactivity to a stressful
task, presented three times during the day, dif-
fered between burnouts and controls, although
the base levels of the groups did not differ. Spe-
cifically, these results pointed to a less responsive
vagal system to demanding conditions in the burn-
outs. Maybe future studies should focus more on
the effects of burnout (exhaustion) on disability to
mobilize the system to adapt to stressful environ-
mental conditions, which has been suggested to be
associated with risk for cardiac disease (Martin,
Magid, & Myers, 1987).
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