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Abstract—Work stress has repeatedly been associated with an increased risk for cardiovascular disease. This study teste
whether this relationship could be explained by exaggerated cardiovascular reactivity to work or impaired recovery in
leisure time. Vagal tone was assessed as a possible determinant of these work stress effects. Participants included 1C
male white-collar workers (age, 47:5.3) who were monitored on 2 workdays and 1 nonworkday for ambulatory blood
pressure, heart rate, and heart rate variability. Chronic work stress was defined according to Siegrist's model as (1) high
imbalance, a combination of high effort and low reward at work, or (2) high overcommitment, an exhaustive
work-related coping style indexing the inability to unwind. All findings were adjusted for possible differences in posture
and physical activity between the work stress groups. High imbalance was associated with a higher heart rate during
work and directly after work, a higher systolic blood pressure during work and leisure time, and a lower 24-hour vagal
tone on all 3 measurement days. Overcommitment was not associated with an unfavorable ambulatory profile. Logistic
regression analysis revealed that heart rate [odds ratio 1-SD increase 1.95 (95% ClI, 1.02 to 3.77)] and vagal tone [odd:s
ratio 1-SD decrease 2.67 (95% CI, 1.24 to 5.75)] were independently associated with incident mild hypertension.
Surprisingly, the values during sleep were more predictive for mild hypertension than the values during work. The
results from the present study suggest that the detrimental effects of work stress are partly mediated by increased heat
rate reactivity to a stressful workday, an increase in systolic blood pressure level, and lower vagilypagension.
2000;35:880-886.)
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H igh work stress has repeatedly been associated with Increasing evidence shows that changes in vagal tone may
increased risk for cardiovascular dise&seThis asso- be as important to stress-induced BP increases as sympathetic
ciation could derive in part from detrimental effects on blood cardiac and vascular effects, for example, by contributing to
pressure (BP) by recurrent autonomic nervous system reac-a hyperkinetic circulatiof. The Framingham Heart Stutly
tivity to work-related stressors. Evidence for such work-stress nas identified decreased vagal tone as an independent predic-
effects comes from ambulatory BP studies, which show o of new-onset hypertension, which corroborated the im-
increased blood pressure levels in subjects with high work portance of vagal tone in hypertension. Because of the
§tress4-_6 Work st_ress in these studies was usually defined as prominent role of the parasympathetic system in recovery and
Jo.b st_r ain according to the mOdel of Karasek and coworkers. restoration, we expect the work-stress effects on vagal tone to
S'eg”.St developed an alterr_latlve mo_del_ for work _str'ess_to be more pronounced during the process of unwinding after
take into account the considerable individual variation in . . .

work than during the actual work time. Indeed, in a prospec-

patterns of appraisal and coping in work-related situatfons. . . . .
The Siegrist model uses 2 summary measures of work stress:tlve study, a 3-fold higher risk for coronary heart disease was

imbalance, the ratio between extrinsic effort (demands on the found in subjects Wh_o re_ported that they could not rela_x after
job) and rewards (money, esteem, and status control), andWOrk:** Moreover, Siegrist and coworkéréound that high
overcommitment,a psychological coping style associated OVercommitment scores mdependently predicted premature
with the inability to withdraw from work obligation The coronary events. This implies that subjects who scored high
prospective evidence that these 2 work-stress componentson effort-reward imbalance and overcommitment may be
negatively affect cardiovascular hedlthis at least as strong ~ characterized by inadequate recovery after work rather then
as that reported for Karasek’s job strain, but to date, no activation during the workday itself.

studies have looked at the effects of effort-reward imbalance The present study examines the effects of effort-reward
and overcommitment or their interaction on ambulatory BP. imbalance and overcommitment on ambulatory BP, heart rate
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(HR), and vagal tone in a group of middle-aged male the ratio between extrinsic effort and reward. An individual’s style of
white-collar workers. To allow a detailed assessment of the co_tping \t’Vith V\llork_l_dh?m?ngs V\t/aS aSSE;Sfed ?y a ﬁcor‘f_ on the 'Overtcr?T-
: : mitment scale. This indicates a state of exhaustive copin a
process_es of recovery during the evenlr!g ahd sleep andreﬂects frustrated but continued efforts and associatedpnggative
restoration on a nonworkday, vagal tone in this study was feelings. It consists of 4 factors: (1) need for approval, (2) compet-
monitored continuously on 2 workdays and 1 nonworkday. itiveness, (3) impatience and a disproportionate irritability, and
To expand on the previous studies on the association of vagal(4) inability to withdraw from work obligations. Scores in the upper
tone with hypertension, we will use these three 24-hour tertile (high overcommitment) indicate a critically high level asso-

. . ciated with adverse health effeé¢&The low-overcommitment group
measurements to test whether vagal tone during periods Of(:omprised the lower 2 tertiles. Reliabilities (Cronbaghfor the

recovery and restoration predicts mild hypertension better oyercommitment score, as well as for the score for the reward and

than vagal tone during the workday. extrinsic effort subscales, were 0.79, 0.75, and 0.66, respectively.
Ambulatory Measures
Methods BP was recorded with a Spacelabs 90207 device at 30-minute
Subjects intervals on the nondominant arm with an arm-cuff appropriate for

In 1995, 820 middle-aged (age, 35 to 55; 45.2+5.3) white-collar the arm diameter. Subjects were instructed to remove the BP device

workers, all working at the same large computer company and when they went to bed and to attach the device again the next
performing mainly sedentary work, received the effort-reward im- morning after they woke up. Therefore, BP was only measured
balance work stress questionnaire. Four hundred sixty subjectsduring waking hours, not during sleep. HR and vagal tone were
returned the questionnaire (response rate 57%), and from this group,measured by the VU-AMS (version 4.6, TD-FPP, Vrye Universiteit,
300 were willing to participate in ambulatory monitoring and blood Amsterdamj® continuously for a 24-hour period (daytirsleep).
sampling. From these, we selected 187 subjects (159 men and 28Reliability and validity aspects and recording methodology of the
women), who were in the upper and lower parts of the imbalance and VU-AMS have been described previoustyBriefly, a continuous
overcommitment score distributions, by selecting only departments time series of R wave-to-R wave intervals were derived on line from
in which the variance in these scores was high. From these subjects,2 3-lead ECG. Vagal tone was assessed by the root mean square of
63 were ineligible for the final study for different reasons (eg, successive differences in these interbeat intervals (RMSSD), which
moving or retirement, long-term illness, medication for hyperten- has previously been proven to be a valid index of vagal‘toaed

sion, reported cardiovascular disease, and attrition during ambulatory can be measured relatively easily on a 24-hour basis in large groups.
monitoring). The remaining subjects participated in ambulatory To get an impression of the physical activity during the registration,
cardiovascular monitoring between September 1996 and Decemberthe VU-AMS also monitors the amount of body movement (motility)
1997. The female population (n=15) was considered too small for of the subject by a vertical accelerometer. Average HR, RMSSD, and
gender specific statistical analyses and was therefore excluded. Thismotility over 30-second periods were stored throughout the 24-hour
left a total sample size of 109 male subjects for the present recording time.

ambulatory study. The study protocol was approved by the Ethics

Committee of the Vrije Universiteit, and all subjects gave written Diary Information i i
consent before entrance to the study. The VU-AMS produced an audible alarm approximately every 30

minutes (10 minutes randomized) to prompt the subjects to complete
their activity diary. They were instructed to write down the time,
activities, and body postures during the last 30-minute period in
chronological order. The number of consumed cups of coffee,
glasses of alcohol, and smoked cigarettes was also noted. In the
evening, the subjects were asked to rate their mood over the past day
by means of a shortened version of the Profile of Mood Stétes.
Profile of Mood States subscale scores on the depression-dejection,
fatigue, anger-hostility, and tension-anxiety items were summed to
yield a negative mood index. The sum of the vigor-activity and
friendliness subscales were used to index positive mood.

Procedure

Participants underwent ambulatory monitoring on 3 days of the same
workweek. They came to the health department of the computer
company for the first monitoring on Monday morning between 8:00
AM and 11:00 am. After instrumentation and explanation, the
subjects went to their departments to follow their normal working
routines. The next morning, 24 hours after the initial health depart-
ment visit, the subjects returned and the monitors were removed.
This procedure was repeated on Thursday morning. On Friday, the
subjects took the ambulatory devices home for the 24-hour nonwork-
day registration. Thus, subjects were measured on 2 workdays,

Monday and Thursday, and 1 nonworkday (Saturday or Sunday), Data Reduction and Analysis . . .
always in that order. Previous recommendations for excluding artifactual readings and

During their ambulatory monitoring week, the subjects received outliers from ambulatory BP records were followednformation
guestionnaires on personality and demographic information such as®n the type of activity and (changes in) posture from the diary was
age, years of service, education level, and habitual physical activity. COmMbined with the parameters from the VU-AMS with an interactive
They also completed a second effort-reward imbalance questionnairegraphical program. Stationary fragments (same posture, same activ-
to obtain the work-stress scores that applied at the time of ambula- ity) were coded for posture (lying, sitting, standing, moving), activity
tory monitoring. Body mass index was calculated as the weight in (Nousehold activities, desk work, meeting, dinner, etc), day (Mon-
kilograms divided by the square of height in meters, and waist-to-hip day. Thursday, and nonworkday), and time of the day (work, leisure,
ratio was calculated as the ratio between waist circumference and hip@nd sleep). Mean values for HR and RMSSD for these coded

circumference. fragments were calculated by the program and stored simultaneously
with start and end times and the duration of the period. Each BP

Measures value from the Spacelabs device was similarly coded for posture,
activity, day, and period of the day.

Work Stress Multivariate ANOVA with the SPSS General Linear Models

A Dutch version of the Effort-Reward Imbalance questionnaire procedure was used to test for differences between the imbalance and
developed by Siegrist was used to measure perceived chronic workovercommitment groups and for effects of period and effects of day.
stress. This 47-item questionnaire has 3 main scales: extrinsic effort, Potential covariates (age, waist-to-hip ratio, body mass index, waist
reward, and overcommitment. Extrinsic effort refers to the demand- circumference, cigarette smoking, alcohol consumption, education
ing aspects of the work environment (subjective evaluation of the level, years of service, physical habitual activity, positive mood, and
workload). Reward refers to esteem reward, monetary gratification, negative mood) were added to the multivariate ANOVA models if
and status control. A score for imbalance was obtained by calculating they showed a systematic correlation across days with the dependant
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Work Stress and Personal Characteristics as a Function of Overcommitment Nested Under Imbalance

Imbalance Low Imbalance High
Overcommitment Low (n=62) High (n=24) Low (n=13) High (n=10) Total (n=109)
Imbalance 0.61+0.14 0.73+0.16 1.23+0.23 1.33+0.26 0.78+0.31
Overcommitment 8.26+2.73 15.75+2.77 10.90+0.73 16.2+3.58 10.98+4.40
Age, y 47.4+5.5 47.3+5.3 45.9+45 47.0+5.3 47.2+5.3
BMI, kg/m? 25.2*+25 249+3.6 25.5+2.8 27.1%x39 25.4*3.0
WHR 0.92+0.07 0.90+0.08 0.87+0.10 0.90--0.06 0.91+0.08
Waist circumference, mm 925+84 921+115 911+127 942+96 924+97
Alcohol, glasses/week 154115 13.8+13.1 17.8+13.0 14.2+11.0 15.4+11.9
Coffee, cups/day 52*25 48+2.4 56+1.9 47+26 52*2.4
Current smokers, % 27.4 20.8 30.7 30.0 26.6
Education levelt 49+15 52*+1.2 48+2.0 57*+14 50+1.5
Habitual physical activityf 1.4+141 15+1.2 1.2+1.2 1.8+1.1 1.4+11
Years of service, y 22.8+7.1 221+7.3 20.5*+7.0 20.6*6.7 22.2+71
Positive mood§ 17.7+45 17.0+3.8 16.6+3.8 15.9+3.5 17.2+4.2
Negative mood§ 6.9+7.7 9.9+95 14.7+8.8 15.2+9.4* 9.3+8.9

BMI indicates body mass index; and WHR, waist-to-hip ratio.

*Significant difference between the high- and low-imbalance group (P<.01).

tSeven-point scale ranging from primary school to university level.

$During your leisure time, how many times a week do you exercise until you sweat? Answers ranged from 0 (0 times a week) to
4 (=4 times a week).

§Means of Monday, Thursday, and nonwork day.

variables. Significant interactions were analyzed post hoc by con- 14.1% of the BP recordings were invalid. No systematic relation
ducting pairwise comparisons. Bonferroni corrections for multiple existed between data loss and work-stress status.
comparisons protected against false significance. - - .

Lo%istic regr;ession mogels were usgd to examine whether mild The _amognt and type of physical activity during th_e measure'
hypertensive status, coded as yes/no, could be predicted from theMents is an important factor that could account for differences in
ambulatory RMSSD and HR averaged over (1) all work, (2) all leisure cardiovascular reactivity between the work-stress groups. Previ-
time, and (3) all sleep periods, always after adjustment for covariates. gys studies have shown that the variance in ambulatory signals

Mild hypertensive status was defined as ambulatory diastolic BP - - .
(DBP)=85 mm Hg during work as well as leisure time. Results are because of physical activity can be captured largely by looking

summarized by the odds ratio (OR) and 95% confidence interval, with at posturé®9In our subjects, ambulatory HR, RMSSD, and BP
the OR expressed for a 1-SD decrease in RMSSD and 1-SD increase inwere highly dependent on postuf<(0.001). A comparison of

HR. Work, leisure, and sleep time RMSSD were not normally distrib- - the time (number of minutes) spent in different postures showed
uted and, therefore, log transformed in the analyses. that the 4 work-stress groups did not differ in the total duration
of sitting, standing, walking, and lying (only during sleep)
Subjects were divided into work stress groups on the basis of during the various periods of all 3 _days (Figure_ 1). These results
their scores for imbalance and overcommitment. Twenty- suggest that any ambulatory ca}rdlovascular differences between
three subjects (21%) experienced a mismatch between highthe imbalance and overcommitment groups would not reflect
effort and low reward at the workplace. The other 86 subjects different activity patterns during the ambulatory monitoring
were classified as low imbalance. Overcommitment was days. In fact, statistical analyses on (1) values during sitting-
dichotomized so that subjects in the upper tertile were ¥ing only and (2) all values, ie, regardless of posture, gave
considered high in overcommitment, and those in the other 2 €ssentially the same results. Only the latter values will be
tertiles were low in overcommitment. The Table shows that Presented.
the group with the most stressful experiences at work com-
prised 10 subjects (9.2%) who reported high overcommitment Work Stress
and high imbalance. There were no interactions or main Men classified as having high imbalance had significantly
effects of imbalance and overcommitment on the confound- higher work and home systolic blood pressure (SBP) than
ing variables, except for negative mood. The high-imbalance men not having high imbalance (Figure 2). This difference for
group scored higher on negative mod@<(0.01) than the =~ SBP was on average 3.9 mm Hg=B.98, P=0.049). No
low-imbalance group. imbalance effect was found for DBP. Most notably, neither
The mean duration of the VU-AMS registrations on Monday, overcommitment nor the interaction of overcommitment with
Thursday, and Friday was 22:24:32, 22:5672:01, and imbalance, had an effect on SBP and DBP.
22:39+2:44 hours, respectively (16:82:30, 17:00-3:00, and As shown in Figure 2, the patterns of change for HR during
16:00+4:00 hours for BP, respectively). The average data loss the workdays and the nonworkday and between work, leisure,
of HR and RMSSD across the 3 measurement days was 14.0%and sleep periods were different for the high- and low-

Results

Downloaded from hyper.ahajournals.org at Vrije on December 16, 2010


http://hyper.ahajournals.org

Vrijkotte et al

sitting work ;
standing work -

walking work ¥

mmms | ow Jmbalance; Low Overcommitment

=223 Low Imbalance; High Overcommitment
e High Imbalance; Low Overcommitment
C— High Imbalance; High Overcommitment

Work Stress, Ambulatory HR, and BP

883

sitting free
standing free
walking free Monday
sleep g 30.5%
data loss I;
not labeled :
00 [} 02 03 04 05 06 07 08 09
sitting work -
standing work
ki k . . . .
weneer Figure 1. Amount of time spent in differ-
siting free 3 ent postures during 2 workdays and 1
standing free ~—.. . nonworkday as a function of imbalance
Thursday and overcommitment.
walking free
sleep . 29.6%
data loss i s
not labeled
08 09

sitting free
standing free
walking free
sleep N

P Non-workday

data loss

not labeled -{ENNEEEEEG——

L, T T T T T T T T
00 01 02 03 04 05 06 07 08 03

Time (hours)

imbalance groups (interaction effeceR.85,P=0.01). Post P=0.802), and it revealed that RMSSD was reduced and HR
hoc tests showed that during work and leisure periods on thewas increased in subjects with mild hypertension. The
days the subject went to work, the high-imbalance group had RMSSD values during sleep were by far the most predictive;
higher HRs compared with the low-imbalance group (6.8 including SBP reactivity (defined as SBP wersBP leisure)
bpm). These differences disappeared during sleep and indi-and HR reactivity (HR work-HR sleep) into the model did
cated complete recovery of HR in the high-imbalance group. not significantly improve the model. After adjustment for
The data for RMSSD show a trend for the high-imbalance confounders (age, waist circumference, cigarette smoking,
group to have lower RMSSD during all periods=8.7, alcohol consumption, and physical habitual activity), 1-SD
P=0.059). Again, neither overcommitment nor the overcom- increase in mean HR during sleep corresponded with OR 1.95
mitment by imbalance interaction was associated with HR or (95% CI, 1.02 to 3.77) and 1-SD decrease in INnRMSSD
RMSSD in any of the periods. corresponded with OR 2.67 (95% CI, 1.24 to 5.75). On the
basis of this model, probabilities of mild hypertension as a
RMSSD and Mild Hypertension function of nighttime RMSSD during sleep are displayed in
Of the 109 subjects, 30 subjects showed mean ambulatoryFigure 3. There is a steep curvilinear relation between
DBP =85 mm Hg during work as well as leisure time and nighttime RMSSD and the incidence of mild hypertension.
were classified as mild hypertensives. These mild hyperten-
sives were equally distributed between the high- and low- Discussion
imbalance groups (24 versus 6, respectively). A logistic Work stress, defined as effort-reward imbalance, has repeat-
regression model was fit (HL goodness of=f#.57; df=8, edly been shown to predict cardiovascular diséasd&he
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Plotted line is adjusted for the following covariates: HR during
sleep, age, waist circumference, cigarette smoking, alcohol con-
sumption, and habitual physical activity.

Heart Rate (beats/min)

; chronic work stress have increased 24-hour SBP levels that
work leisure sleep work leisure sleep  leisure sloep are not simply caused by increased BP during work time.

" DBP was not found to be different in the high—work stress
group, not even during work time. This finding has been
reported before, but most of the previous studies did show
. DBP effects, although always less pronounced than SBP
effects?-¢ Most studies, however, used participants from
different occupations. This increases variation in social class
s | and work-related physical activity patterns. The present study
had a homogenous population of sedentary white-collar men
in whom work-stress effects were not amplified by social
class or physical activity.

40 +

30 4

RMSSD (msec)

20 A

15 L 5
work leisure sleep work leisure sleep leisure sleep

Figure 2. SBP, HR, and RMSSD (mean=SD) during work, lei- Work Stress, HR Reactivity, and Vagal Tone

sure, and sleep (only HR and RMSSD) on 2 workdays and 1 HR and HR reactivity are independent risk factors for cardiac

nonworkday for the high- () and low-imbalance () groups. diseas&221 The few studies that reported on ambulatory HR
in relation to work stre$8 found higher HRs (on average 4

results from the present study suggest that the detrimental ernpmz mttrr;EirTlgh;i\#O;k :tresz gtrvc\)/up? I?htherf)ire;_ent:;uc:yx?e
effects of work stress are partly mediated through (1) in- . CE)SI S 9 erence | et' ee er gHRg d 10 «
creased HR reactivity to a stressful workday, (2) an increase " & ance groups was a selective Increase in uring wor
in SBP, and (3) lower 24-hour vagal tone. These 3 charac- and leisure time after work. No difference in HR was found
teristics of high-work stress are all associated with increased during sleep and during the nonworkday. This pattern of

cardiac disease risi-22 results is in contrast to our expectations that work stress
would mainly affect recovery and restoration. These expec-
Work Stress and BP tations were based on a number of recent findings that

An imbalance between extrinsic effort and reward at work Suggested recovery from stress may be as important to
(21% of the subjects) was associated with an average increasdlisease as reactivity during stréss.2* Some evidence ex-

in SBP of 4 mm Hg. Similar to other ambulatory studiés# isted for slow recovery in subjects with high effort-reward
we found a significantly higher SBP during work time imbalances, who had higher HRs during leisure time. How-
compared with leisure time on the workdays and a higher €ver, these HR effects of work stress were not present during
average BP level during the workday compared with the the night and did not carry over to the nonworkday. Most
nonworkday. However, the effects of imbalance were not notably, we failed to find significant effects of overcommit-
specific to work time, ie, SBP was higher in the high- ment on any of the measured cardiovascular variables.
imbalance group even during leisure time and the nonwork- Because overcommitment is characterized by worrying and
day. Other studies provide additional data on sleep BP andthe inability to withdraw from work obligations, this scale
show a work stress effect to be present even at rfigiaken should have showed the largest sensitivity to individual
together, the current evidence shows that subjects with differences in recovery.
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As the underlying cause for stress-related HR reactivity, able psychological profile precedes work stress or whether an
hyperreactivity of the sympathetic nervous system is often unfavorable psychological profile is a consequence of it.
evoked as a main explanation. The present study providesThus, the causality of the association between self-reported
evidence that, in a natural setting, high HR reactivity of work stress and the unfavorable ambulatory profile found in
chronically stressed subjects is also associated with low vagalour subjects remains to be established.

tone. At first sight it seems surprising that vagal tone was
lower in all periods, ie, at night and during the nonworkday,
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whereas HR in the high work stress subjects was higher The present study was supported by grant 904-64-045 from the

selectively during the workdays. A simple explanation for
this discrepancy may be that, in view of the observed large
standard deviations for RMSSD, our study lacked the statis-
tical power to detect a significant group-by-period interaction
for vagal tone. Inspection of Figure 2 suggests that a large
sample size might have shown that on the nonworkday, the
work-stress groups become more similar for vagal tone.
Alternatively, a chronically low vagal tone may be precisely
the predisposition that is hinted at in stress-diathesis models
in cardiovascular diseage2” According to the stress-
diathesis model, (genetic) susceptibility to hyperreactivity, as
well as actual exposure to adequate psychosocial triggers,
exerts a synergistic effect on disease risk. It is conceivable
that subjects with a predisposition for low vagal tone (an
imperfect vagal bralkg) show the largest HR reactivity,
specifically when there is increased cardiac sympathetic
drive, for example, during a stressful work situation.

Lower vagal tone and higher HR have been found in
patients with borderline hypertensi®m@nd prospective stud-
ies suggest that higher HR and lower vagal tone actually
precede future hypertensiéh.The results from the logistic
regression analysis are in clear support of the importance of 10.
vagal tone and HR level for BP. However, HR and BP
reactivity to stress at work were not associated with mild
hypertensive status or with overall BP level. This applied to 14
the entire group as well as the subset of high work stress
subjects. Instead, HR and RMSSD during sleep appeared to
be the best predictors of mild hypertension. Our results are in
accordance with the idea of an overall hyperkinetic circula-
tion in borderline hypertensich.

1.
2.

3.

5.

6.

8.

Causality 13

In summary, our results are parsimoniously described by an
association of high work stress and low vagal tone. Secondary 14.
findings of high HR reactivity as well as high BP could be
largely ascribed to low vagal tone as outlined above. How- ;g
ever, this leaves the main question of causality for the
association of work stress and vagal tone. It is possible that
chronic stress directly reduces vagal tone through an un-
known neurophysiological mechanism. This may sound un-
satisfactory, but it must be pointed out that no mechanism has
been described to account for the well-known and significant 17
decrease in vagal tone with age. Perhaps chronic stress speeds
up this normal autonomic nervous system ageing process of1s.
vagal tone. Alternatively, an unfavorable psychological pro-
file may underlie both work stress and vagal tone. Low vagal ;4
tone has been found to be characteristic of an anxious-
depressive® or a hostil&® personality. In our subjects, the
mood questionnaire showed that subjects who scored high on
imbalance also scored high on negative mood (depression,
anxiety, and anger). It is unclear to what extent an unfavor-

16.
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