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Abstract
Study objective—To examine associations
between measures of work stress (that is,
the combination of high eVort and low
reward) and cardiovascular risk factors.
Design—Cross sectional first screening of
a prospective cohort study.
Setting and participants—The study was
conducted among 5720 healthy employed
men and women living in the greater
Stockholm area aged 19–70 years. All
analyses were restricted to subjects with
complete data (n=4958). The investigation
of associations between indicators of
eVort-reward imbalance and cardiovas-
cular risk factors was restricted to the age
group 30–55 years (n=3427).
Main results—Subjects reporting high
eVort and low reward at work had a higher
prevalence of well known risk factors for
coronary heart disease. After adjustment
for relevant confounders, associations be-
tween a measure of extrinsic eVort and
reward (the eVort-reward ratio) and hy-
pertension (multivariate prevalence odds
ratio (POR) 1.62–1.68), increased total
cholesterol (upper tertile 220 mg/
dl)(POR=1.24) and the total cholesterol/
high density lipoprotein(HDL)-
cholesterol ratio (upper tertile 4.61)(POR
1.26–1.30) were found among men. Among
women a measure of high intrinsic eVort
(immersion) was related to increased low
density lipoprotein(LDL)-cholesterol (upper
tertile 130 mg/dl)(POR 1.37–1.39). Analy-
ses of variance showed increasing mean
values of LDL cholesterol with an increas-
ing degree of the eVort-reward ratio
among men and increased LDL-
cholesterol among women with high levels
of intrinsic eVort (upper tertile of immer-
sion).
Conclusions—Findings lend support to
the hypothesis that eVort-reward imbal-
ance represents a specific constellation of
stressful experience at work related to
cardiovascular risk. The relation was not
explained by relevant confounders (for
example, lack of physical exercise, body
weight, cigarette smoking).
(J Epidemiol Community Health 1998;52:540–547)

During the recent past substantial progress was
achieved in measuring chronic stress at work
and in demonstrating its adverse eVects on car-
diovascular health.1–5 Fewer studies have been

carried out among women than among men.
This became particularly clear when chronic
work stress was assessed in terms of the job
strain model developed and tested by Karasek,6

Karasek and Theorell,7 Johnson et al,8 9 and
others.10 This model claims that the experience
of stress at work is confined to a specific job
task constellation defined by high demands
(such as work pressure) in combination with
low control (such as low decision latitude, or
holding a monotonous job). Chronic work
stress among women was often attributed to
the specific constellation of double exposure
(work and home), to less continuous occupa-
tional careers or to diVerent impact of work on
the life course of women.11–13 This latter aspect
is of special importance as the work role oVers
unique opportunities for social identity and self
esteem in adult life, and, perhaps, more often
so in men than in women.

To explore the health promoting and health
adverse eVects of self regulation in occupa-
tional life the model of eVort-reward imbalance
at work was developed and tested by Siegrist
and his group.5 In summary, this model defines
chronically stressful experience at work in
terms of a mismatch between high eVort spent
and low reward received in occupational life.
Two sources of eVort are distinguished, an
extrinsic source, the demands on the job, and
an intrinsic source, the motivations of the indi-
vidual worker in a demanding situation. In this
latter regard, the concept of “need for control”
as a personal pattern of coping with the
demands at work was introduced (see Methods
section). These eVorts are spent as part of a
socially organised exchange process where
rewards are distributed by three transmitter
systems: money, esteem, and job security or
promotion prospects (so called occupational
status control). Lack of reciprocity between
costs and gains define a state of emotional dis-
tress with special propensity to autonomic
arousal and cardiovascular risk.14 15

Therefore it is of special interest to examine
the eVects of eVort-reward imbalance on
cardiovascular risk in men and women. More
specifically, we ask whether eVects of similar
strength and consistency are observed in both
sexes and whether they are attributed to the
same type of high cost-low gain experience. In
this latter regard the model defines two
measures of a mismatch; firstly, the ratio
between extrinsic eVorts and rewards, and
secondly, the sum score of “need for
control” indicating individual work related
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commitments (see Methods section). Given
the relative importance of work and career
development (occupational rewards) in male
middle aged populations it may well be that the
first measure of mismatch is more important in
explaining stress related health outcomes in
men compared with women. Conversely,
women spending high levels of intrinsic eVort
may be particularly vulnerable to stress related
health outcomes.

This study reports baseline findings on asso-
ciations between high eVort, low reward, and
cardiovascular risk obtained from the so called
WOLF (Work, Lipids, Fibrinogen) Study. This
study was started to analyse the role of adverse
occupational conditions in cardiovascular risk
and disease development in a large sample of
employed Swedish men and women.

Methods
STUDY SAMPLE

Occupational health service units serving a
population that was considered suitable for the
aims of the study were invited to take part in
the WOLF study as a cooperative centre. A
total of 20 units accepted the invitation and
three did not. The study population consisted
of employees at almost 40 companies served by
these 20 occupational health service units rep-
resenting a number of diVerent branches and a
wide range of occupations. Subjects who were
on a more or less permanent leave from the
work place, for example, stationed abroad or
chronically ill, were not included in the study
population.

The data collection of the Stockholm part of
the WOLF study started in November 1992
and ended in June 1995. At baseline screening
3250 men and 2470 women aged 19–70 years
were included. This analysis is restricted to
subjects aged 30 to 55 years. This was done
because the strongest associations between
indicators of chronic work stress and cardiovas-
cular risk factors can be expected in this age
group.5 9

The group with complete data (n=3427)
includes 84.6% of the total sample in this age
group (n=4052). It was found that the
prevalence of several cardiovascular risk factors
and the prevalence of exposure (for example,
indicators of high eVort and low reward) were
lower in the reduced sample as compared with
the group which was excluded from statistical
analyses because of unsystematic missing data.
This selection bias might have caused an
underestimation of the relation between indi-
cators of eVort-reward imbalance and cardio-
vascular risk factors (see Discussion section).

PSYCHOSOCIAL AND BIOBEHAVIOURAL

QUESTIONNAIRE DATA

All information on psychosocial and behav-
ioural variables was assessed by an extensive
questionnaire administered by the occupa-
tional health unit to each study subject for
completion at home.

EVort-reward imbalance at work
The model of eVort-reward imbalance was
measured by Likert scaled and categorial

items: intrinsic eVort was assessed by a well
tested questionnaire measuring “need for con-
trol”, a critical personal style of coping with
work demands.16 The questionnaire contains
29 dichotomous items describing excessive job
involvement, positive and negative feelings and
attitudes related to work commitment as meas-
ured by four unidimensional scales: (a) need
for approval; (b) competitiveness and latent
hostility; (c) impatience and disproportionate
irritability; and (d) inability to withdraw from
work obligations. These four scales were
repeatedly found to load on a latent factor
termed “immersion”. Scores in the upper
tertile of the latent factor immersion indicate a
critically increased coping style, which was
shown to predict premature manifestation of
cardiovascular events.17

Measures of reward in this study were not
fully identical with original wording of ques-
tions. However, given the close conceptual and
semantical resemblence respective questions
were used to construct proxy measures of low
reward (see appendix 1). It is important to
mention that these measures were defined
before data analysis started. Questions measur-
ing extrinsic eVort (demands) concerned the
frequency of being distressed by time pressure,
responsibility, overtime work, and increasing
responsibility during the past 12 months.
Measures of occupational rewards covered the
dimensions of esteem and reciprocal support,
and of occupational status control (job insecu-
rity, undesirable job change).

As stated in the Introduction section two
measures of a mismatch between high eVort
and low reward were developed to identify the
specific stressfulness of occupational experi-
ence as defined by this model. Firstly, we com-
puted a ratio between the scales measuring
extrinsic eVort and reward respectively (see
appendix 1) according to the following formula
based on dichotomised items: e / (r×c)

e= extrinsic eVort sum score, counting the
number of items indicating high extrinsic
eVort; r=reversed reward sum score, counting
the number of items indicating low reward;
c=correction factor for diVerent maximum
numbers of items in the nominator and the
denominator calculated as the total number of
items in the nominator divided by the total
number of items in the denominator.

As a result, a value of 1.0 indicates a balance
between eVort and reward. Values < 1.0
indicate that rewards are higher than eVorts,
whereas values >1.0 indicate the critical high
cost/ low gain condition.

Secondly, a sum score of the latent factor
“immersion” was calculated, measuring the
extent of intrinsic eVort. We hypothesise that
people scoring high on “immersion” usually
spend an inadequately high amount of eVort
that is not met by externally defined rewards.
This may be because of the fact that high need
for control often induces an underestimation of
demands and an overestimation of own coping
resources.5 16
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Biobehavioural data
Information on health related behaviour (ciga-
rette smoking, physical exercise, medication),
diesase history and heredity factors concerning
hypertension, hyperlipidaemia and coronary
heart disease was obtained from well tested
questions.

CLINICAL EXAMINATION DATA

A health examination was carried out at the
occupational health service unit. This exami-

nation involved measurements of height,
weight, waist, hip, and blood pressure. Blood
samples were collected for determination of
blood lipids and fibrinogen. All subjects were
asked to fast nine hours before the clinical
examination.

Blood pressure was measured on the right
arm in the supine position after five minutes
rest. Measurements were made twice with a
one minute intermission. Atherogenic lipids
were measured enzymatically, high density
lipoprotein (HDL)-cholesterol after precipita-
tion with phospotungstic acid and magnesium
chloride. Fibrinogen in plasma was determined
by a spectrophotometric test. All analyses of
blood lipids and fibrinogen were carried out at
the same laboratory (CALAB Medical Labora-
tories AB, Stockholm, Sweden). The labora-
tory is accredited by SWEDAC (Swedish
Board for Accreditation and Conforming
Assessment).

In this study data analysis is based on
categorial and continuous biomedical factors.
Whereas the categorisation of blood pressure
according to the WHO criteria is well estab-
lished (systolic blood pressure > 160 and/or
diastolic blood pressure > 95 mm Hg) we are
aware that the international standardisation of
cut points for abnormal atherogenic lipid and
fibrinogen values is still under discussion.
Therefore we based our decision of cut points
with regard to these biomedical measures on
recent epidemiological evidence indicating
thresholds of clearly increased incidence of
cardiovascular disease and on the distribution
of the data. The thresholds based on epidemio-
logical evidence are the upper tertile with
respect to low density lipoprotein (LDL)-
cholesterol and total cholesterol (for example,
in men LDL-cholesterol > 160 mg/dl, total
cholesterol > 220 mg/dl in both sexes).18 19 For
women the upper tertile of LDL-cholesterol
started at 130 mg/dl. With regard to fibrinogen
empirical evidence again indicates a cut point
at the upper tertile for both sexes,20–23 which
corresponds to 290 mg/dl for men and 300
mg/dl for women in our study. Concerning the
total cholesterol/HDL-cholesterol ratio the
upper tertile was chosen as a cut oV point
relating to the distribution of the data: 4.61 for
men and 3.4 for women.

SOCIOECONOMIC DATA

Socioeconomic group was defined on the basis
of information on occupation and education in

Table 1 Biobehavioural cardiovascular risk factors and psychosocial variables among a
sample of employed Swedish men and women aged 19–70 years. (Mean and SD or
frequency, t value or ÷2)

Variable
Men
(n=2656)

Women
(n=2088) t value or ÷2

Age (y) 41.5 (11.0) 41.2 (10.7) 0.90
Systolic blood pressure (mm Hg) 123.1 (14.2 118.2 (14.9) 11.38***
Diastolic blood pressure (mm Hg) 74.7 (9.8) 71.7 (9.8) 10.74***
Total cholesterol (mg/dl) 210.4 (41.9) 202.1 (38.6) 7.04***
LDL-cholesterol (mg/dl) 135.2 (38.4) 119.9 (35.6) 14.16***
HDL-cholesterol (mg/dl) 52.3 (13.2) 66.1 (16.2) 31.28***
Total / HDL-cholesterol ratio 4.2 (1.3) 3.2 (1.0) 30.66***
Fibrinogen (mg/dl) 268.9 (72.7) 280.0 (73.9) 5.27*
Body mass index (BMI) (kg/m2) 25.2 (3.3) 23.8 (3.8) 12.99***
Cigarette smoking (numbers/day) 3.1 (7.2) 3.7 (7.0) 2.49**
Lack of physical exercise (<2/week) 60.5% 57.1% 15.32***
Socioeconomic group (white collar) 59.2% 85.3% 272.49***
Extrinsic eVort and reward:

EVort-reward ratio (range 0.01–2.0) 0.93 (0.24) 0.88 (0.27) 6.50***
EVort-reward ratio (>1) 31.0% 27.0% 8.73**

Intrinsic eVort:
Immersion (range 0–29) 10.6 (4.4) 10.9 (4.5) 2.51**
Immersion (upper tertile) 31.5% 34.2% 5.92*

*p<0.05, **p<0.01, ***p<0.001.

Table 2 Frequency of the eVort-reward ratio and immersion by sociodemographic
information among a sample of employed Swedish men and women aged 30–55 years
(frequency, ÷2)

Men (n=1913)

Variable EVort-reward ratio (>1)
(n=655)

Immersion (upper tertile)
(n=607)

Age
30–40 y (n=804) 34.6 32.7
41–45 y (n=344) 32.6 34.9
46–50 y (n=417) 35.0 28.8
51–55 y (n=348) 34.2 29.9

÷2=0.58 ÷2=4.16
Education/training
<9 y (n=269) 27.1 24.9
10 y (n=368) 29.6 24.7
12 y (n=580) 35.5 34.7
university degree (n=694) 38.3 35.7

÷2=15.09** ÷2=21.53***
Socioeconomic group
blue collar (n=675) 28.6 23.0
white collar (n=1238) 37.3 36.5

÷2=14.77*** ÷2=37.01***

Women (n=1514)

Variable EVort-reward ratio (>1)
(n=430)

Immersion (upper tertile)
(n=512)

Age
30–40 y (n=533) 28.9 36.0
41–45 y (n=334) 21.6 33.8
46–50 y (n=398) 32.7 30.9
51–55 y (n=249) 32.9 33.7

÷2=13.47** ÷2=2.67
Education
<9 y (n=190) 22.8 27.8
10 y (n=295) 23.0 33.1
12 y (n=397) 23.3 34.5
university degree (n=692) 36.3 35.4

÷2=31.72*** ÷2=3.86
Socioeconomic group
blue collar (n=223) 23.3 25.6
white collar (n=1291) 29.9 35.2

÷2=4.00* ÷2=7.97**

*p<0.05, **p<0.01, ***p<0.001.

KEY POINTS

x High eVorts in combination with low
rewards define a critical constellation of
work related stressful experience.

x In a healthy employed population eVort-
reward imbalance is associated with
cardiovascular risk factors (hypertension,
atherogenic lipids).

x EVects in both sexes are of comparable
strength, but because of diVerent compo-
nents of the eVort-reward imbalance
model.
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accordance with a system used in Swedish cen-
suses. For the purpose of this report subjects
were categorised as blue collar workers or white
collar workers.

STATISTICAL METHODS

Univariate and bivariate methods were used
to characterise the study population in terms
of frequency or mean value and standard
deviation of psychosocial and biobehavioural
variables and cardiovascular risk factors.
Statistical significance of bivariate asociations
was calculated with the help of ÷2 or two sided
t tests. Multivariate logistic regression analysis

was used to control for confounders in exam-
ining the relation of indicators of effort-reward
imbalance and cardiovascular risk factors.
Logistic regression analysis as the most appro-
priate statistical method was chosen because
of the deviation from normal distribution of
the eVort-reward ratio.24 The likelihood ratio
diVerence test was used to check the fit of
each model accepting a significance of 10% to
avoid second order errors. Multivariate
prevalence odds ratios (POR) and 95% confi-
dence intervals derived from the logistic
regression models are given in respective
tables.

Table 3 Frequency of the eVort-reward ratio and immersion by cardiovascular risk factors in a sample of employed Swedish men and women aged 30–55
years (÷2)

Men Cardiovascular risk factors

Psychosocial variables
Hypertension (>160/95
mm Hg)

Total cholesterol (upper
tertile>220 mg/dl)

LDL-cholesterol (upper
tertile>160 mg/dl)

Cholesterol/HDL ratio
(upper tertile>4.61)

Fibrinogen (upper
tertile>290 mg/dl)

Yes
(n=115)

No
(n=1798)

Yes
(n=851)

No
(n=1062)

Yes
(n=531)

No
(n=1382)

Yes
(n=664)

No
(n=1249)

Yes
(n=649)

No
(n=1264)

eVort-reward ratio (>1)(n=655) 45.2 33.5 36.7 32.3 37.1 33.1 38.7 32.0 36.5 33.1
÷2=6.55** ÷2=4.00* ÷2=2.67 ÷2=8.65** ÷2=2.26

Intrinsic eVort:
Immersion (upper tertile) (n=607) 29.6 31.9 31.8 31.6 32.6 31.4 34.6 30.1 31.0 32.1

÷2=0.27 ÷2=0.01 ÷2=0.24 ÷2=4.19* ÷2=0.26
high extrinsic eVort (above median) 47.0 47.1 47.7 46.6 49.3 46.2 47.4 46.9 48.8 46.2

÷2=0.00 ÷2=0.23 ÷2=1.48 ÷2=0.04 ÷2=1.20
low reward (above median) 54.8 44.0 45.7 43.9 46.0 44.2 49.8 41.9 47.6 43.2

÷2=5.04* ÷2=0.64 ÷2=0.47 ÷2=11.12*** ÷2=3.38

Women Cardiovascular risk factors

Psychosocial variables Hypertension (>160/95
mm Hg)

Total cholesterol (upper
tertile>220 mg/dl)

LDL-cholesterol (upper
tertile>130 mg/dl)

Cholesterol/HDL ratio
(upper tertile>3.4)

Fibrinogen (upper
tertile>300 mg/dl)

Yes
(n=69)

No
(n=1445)

Yes
(n=483)

No
(n=1031)

Yes
(n=529)

No
(n=985)

Yes
(n=511)

No
(n=1042)

Yes
(n=533)

No
(n=981)

eVort-reward ratio (>1)(n=438) 39.1 28.4 30.2 28.3 28.7 29.0 27.2. 30.0 29.3 28.7
÷2=3.66 ÷2=0.58 ÷2=0.01 ÷2=1.25 ÷2=0.05

Intrinsic eVort:
Immersion (upper tertile)(n=512) 31.9 33.9 36.2 32.7 37.1 32.1 33.9 33.9 34.1 33.6

÷2=0.12 ÷2=1.85 ÷2=3.80* ÷2=0.00 ÷2=0.04
high extrinsic eVort (above median) 46.6 37.8 39.3 37.6 37.6 38.5 35.4 39.7 36.8 38.9

÷2=2.06 ÷2=0.41 ÷2=0.11 ÷2=2.59 ÷2=0.69
low reward (above median) 60.9 42.2 48.2 40.6 46.9 41.0 43.6 42.7 44.7 42.2

÷2=9.35** ÷2=7.75** ÷2=4.83* ÷2=0.13 ÷2=0.85

*p<0.05, **p<0.01, ***p<0.001.

Table 4 Logistic regression analyses: eVort-reward ratio and immersion by cardiovascular risk factors among a sample of employed Swedish men and
women aged 30–55 years (multivariate odds ratios (95% CI))

Men (n=1913)

Models*
Hypertension (>160/95
mm Hg) (n=115)

Total cholesterol
(>220 mg/dl)
(n=851)

LDL-cholesterol
(>160 mg/dl)
(n=531)

Cholesterol/HDL ratio
(upper tertile>4.61)
(n=664)

Fibrinogen (upper
tertile>290
mg/dl)(n=649)

Model I:
eVort-reward ratio (>1) (n=655) 1.69 (1.13, 2.53) 1.23 (1.00, 1.50) 1.18 (0.95, 1.47) 1.31 (1.06, 1.61) 1.19 (0.96, 1.47)
Immersion (upper tertile) (n=607) 0.84 (0.55, 1.31) 0.98 (0.80, 1.21) 1.04 (0.83, 1.30) 1.16 (0.94, 1.44) 0.90 (0.72, 1.13)

Model II:
eVort-reward ratio (>1)(n=655) 1.62 (1.07, 2.43) 1.20 (0.98, 1.47) 1.13 (0.91, 1.41) 1.26 (1.02, 1.56) 1.13 (0.91, 1.41)
Immersion (upper tertile)(n=607) 0.83 (0.53, 1.29) 0.97 (0.79, 1.19) 0.98 (0.78, 1.24) 1.12 (0.90, 1.39) 0.88 (0.71, 1.11)

Women (n=1514)

Models*
Hypertension (>160/95
mm Hg) (n=69)

Total cholesterol
(>220 mg/dl)
(n=483)

LDL-cholesterol
(>130 mg/dl)
(n=529)

Cholesterol/HDL ratio
(upper tertile>4.61)
(n=511)

Fibrinogen (upper
tertile>300
mg/dl)(n=533)

Model I:
eVort-reward ratio (>1)(n=438) 1.57 (0.92, 2.66) 0.99 (0.76, 1.28) 0.87 (0.68, 1.13) 0.84 (0.65, 1.09) 1.02 (0.78, 1.31)
Immersion (upper tertile)(n=512) 0.84 (0.48, 1.45) 1.26 (0.98, 1.61) 1.37 (1.07, 1.74) 1.04 (0.81, 1.33) 1.02 (0.80, 1.30)

Model II:
eVort-reward ratio (>1)(n=438) 1.56 (0.92, 2.66) 0.98 (0.76, 1.28) 0.88 (0.68, 1.13) 0.86 (0.66, 1.11) 1.03 (0.79, 1.33)
Immersion (upper tertile)(n=512) 0.84 (0.48, 1.45) 1.26 (0.98, 1.62) 1.39 (1.09, 1.77) 1.08 (0.84, 1.39) 1.03 (0.81, 1.32)

*Model I: adjusted for age and behavioural risk factors (regular cigarette smoking>10 cig/day, BMI>27, lack of physical exercise<2/week). Model II: adjusted for age,
behavioural risk factors, biomedical risk factors (depending on the outcome hypertension or total cholesterol; fibrinogen: hypertension) and socioeconomic group
(white v blue collar).

EVort-reward imbalance at work and cardiovascular risk factors 543

http://jech.bmj.com


Analysis of variance (ANOVA) was per-
formed to test the relation between indicators
of high eVort and low reward and mean values
of LDL-cholesterol. Among men the relation
of the eVort-reward ratio and mean LDL- cho-
lesterol values was analysed. Only men with an
imbalance between extrinsic eVort and reward
(eVort-reward ratio > 1) were included in this
analysis to test the association between the
intensity of eVort-reward imbalance and the
cardiovascular risk factor. Among women the
relation between high levels of intrinsic eVort
(upper tertile of immersion) and mean LDL-
cholesterol was tested. The choice of analysis of
variance was justified for two reasons. Firstly,
the use of tertiles was the most appropriate way
to estimate the intensity of eVort-reward
imbalance in terms of ratio values > 1. The
distribution of the data did not allow to calcu-
late statistical analysis with continuous ratio
values because of deviation from normal distri-

bution. Secondly, LDL-cholesterol in all cat-
egories of the factor variables does not signifi-
cantly deviate from normal distribution as
tested by the Kolmogorov-Smirnov test.

All statistical analyses were carried out using
SPSS/PC for Windows.25 All analyses were
perfomed for men and women separately. Two
sided tests of significance with values of p <
0.05 were considered statistically significant.

Results
Table 1 describes the study sample in terms of
biobehavioural and psychosocial characteris-
tics. Men and women diVer significantly with
regard to all biobehavioural and psychosocial
factors listed in the table with the exception of
age. Women have lower mean values of blood
pressure, total cholesterol, LDL-cholesterol,
and the eVort-reward ratio compared with men
whereas fibrinogen and HDL-cholesterol and

Figure 1 Intensity of eVort-reward imbalance and mean LDL-cholesterol values in a sample of 655 Swedish men aged
30–55 years.
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immersion are higher in women. With regard
to socioeconomic group an increased propor-
tion of women belong to the white collar
stratum.

In table 2 the prevalence of indicators of
eVort-reward imbalance is presented according
to selected sociodemographic characteristics.
There is a clear trend towards a higher
prevalence of a mismatch between extrinsic
eVort and reward (ratio>1) and an increased
level of immersion among men with higher
education and training and of those belonging
to the white collar part of the study sample. In
women results indicate critical eVort-reward
ratio values in those in the higher age groups,
those with higher education, and in the white
collar workers. Immersion is also more preva-
lent in female white collar workers.

Table 3 shows the prevalence of high scores
of extrinsic eVort, low reward, of the eVort-
reward ratio and of high intrinsic eVort
(immersion) in men and women with and
without cardiovascular risk factors. DiVerent
patterns of associations between risk factors
and psychosocial variables can be observed
with regard to sex. Whereas high scores on the
eVort-reward ratio are more prevalent among
men with cardiovascular risk factors (especially
hypertension, total cholesterol, cholesterol/
HDL ratio) immersion is more prevalent in
women with increased total cholesterol and an
increased cholesterol/HDL ratio. Moreover,
the mismatch between high eVort and low
reward (eVort reward ratio > 1) discriminates
better between men with and without cardio-
vascular risk factors than the presence of either
high eVort or low reward.

To test the main hypothesis of a relation
between of indicators of eVort-reward imbal-
ance and cardiovascular risk factors multivari-
ate logistic regression analyses were performed.
As can be seen from table 4, critical scores of
the eVort-reward ratio are related to hyperten-
sion, total cholesterol, and the cholesterol/
HDL ratio in men (POR ranging from 1.23 to
1.69) even after adjustment for relevant
confounders. No comparable eVects can be
observed with regard to immersion among
men. In women immersion is independently
associated with LDL-cholesterol (POR 1.37,
1.39) and tends to be related to increased total
cholesterol (POR 1.26). Although the preva-
lence odds ratios of eVort-reward imbalance
with regard to hypertension are the highest for
women they are not within a statistically
acceptable range. This is because of the small
numbers of women with hypertension (see
table 3). In summary, among men eVort-
reward imbalance measured by the ratio
between extrinsic eVort and reward is associ-
ated with cardiovascular risk factors whereas in
women a relation between immersion and
LDL-cholesterol is observed. These eVects
hold true after adjustment for relevant con-
founders.

Finally, as indicated in the Methods section,
analyses of variance (ANOVA) were performed
to test associations between indicators of high
eVort and low reward and LDL-cholesterol

using the cardiovascular risk factor as a
continuous outcome variable.

Regarding men the relation between the
eVort-reward ratio and LDL-cholestrol was
tested. The eVort-reward ratio was subdivided
into tertiles indicating that subjects in the upper
tertile suVer from the most intensive eVort-
reward imbalance. Figure 1 shows, that LDL-
cholesterol increases with an increasing intensity
of eVort-reward imbalance (model I: F=3.69,
p=0.026, model II: F=3.76, p=0.024) even after
adjustment for relevant confounders. In women
the association between immersion and LDL-
cholesterol was tested. As can be seen from fig-
ure 2 the mean value of LDL-cholesterol is
increased for those women who have high levels
of intrinsic eVort (upper tertile of immersion).
This association holds true after adjustment for
confounders (Model I: F=4.5, p=0.034; Model
II: F=4.73, p=0.030).

Discussion
The relation between chronic work stress in
terms of eVort-reward imbalance and cardio-
vascular risk factors (that is, hypertension,
increased atherogenic lipids, increased fibrino-
gen) was examined in a study on 3427 healthy
employed men and women aged 30–55 years
living in the greater Stockholm area. After
adjustment for relevant confounders results of
multivariate logistic regression analyses
showed sex diVerences in the association
between two indicators of eVort-reward imbal-
ance and cardiovascular risk factors. Results
indicated in men an increased risk of being
hypertensive and of having increased total cho-
lesterol as well as an unfavourable total
cholesterol/HDL ratio for those reporting
higher extrinsic eVorts than rewards. In women
a measure of intrinsic eVort at work—
immersion—was independently related to in-
creased LDL-cholesterol level. Analyses of
variance (ANOVA) confirmed an association
between the eVort-reward ratio and level of
LDL-cholesterol in men (see fig 1) and an
association of immersion with LDL-
cholesterol in women (see fig 2).

Additional support in favour of the reported
sex diVerences can be derived from results not
presented in detail. They suggest that men with
increased cardiovascular risk factors are more
likely to suVer from high extrinsic eVort (in
particular time pressure) and low status control
(for example, job insecurity and undesirable
changes in the work situation), whereas women
with increased cardiovascular risk factors were
more likely to experience insuYcient esteem by
superiors and lack of reciprocal support. These
results too can be interpreted in the framework
of gender role-specific expectations regarding
work and career, as indicated above.

Nevertheless, the following limitations of the
reported findings need to be taken into
account. Firstly, the results are restricted
because of the cross sectional design of the
study, which precludes the testing of causal
relations.

Secondly, in this study the assessment of
eVort-reward imbalance was not completely
identical with the original measures, mainly
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because of economic constraints in view of a
large sample size. The few numbers of items
measuring extrinsic eVort and reward may be
responsible for the relatively low internal con-
sistency of respective scales (see appendix 1).
With few numbers of items in a scale only rela-
tively low Cronbach’s á values can be expected,
especially if these items are dichotomous as was
the case with the items measuring extrinsic
eVort and reward.26 These limitations may be
responsible for the relatively low prevalence
odds ratios in this study compared with previous
findings.27 28 Nevertheless, proxy indicators of
eVort-reward imbalance turned out to be valid
measures that predict increased cardiovascular
risk as well as high symptom scores independent
from personal traits like negative aVectivity.29 30

Moreover, other measures of perceived work
stress like low job control are also related to car-
diovascular risk even after adjustment for
personal traits. In a prospective study the
association between low job control and risk of
coronary heart disease was not explained by
negative aVectivity.31

Thirdly, the restriction of the analyses to peo-
ple with complete data may have caused an
underestimation of the reported relations. Peo-
ple excluded from analyses because of unsys-
tematic missing data had a significantly higher
prevalence of hypertension, increased total cho-
lesterol, unfavourable levels of the total
cholesterol/HDL-cholesterol ratio, and a higher
prevalence of eVort-reward ratio values >1.

One further limitation concerns the influ-

ence of additional confounders not included
inthe present analysis such as alcohol con-
sumption and diet. In a previous study we
found that neither variable invalidated the
observed association of eVort-reward imbal-
ance with cardiovascular risk.27 28

Finally, the validity of our measures of
chronic work stress may be limited because of
the fact that subjects suVering from cardiovas-
cular risk may overestimate reported work
stress. This is most probable in the case of
known history of hypertension.32 To rule out
this bias we repeated multivariate analyses of
the association between eVort-reward imbal-
ance and hypertension adjusting for the
information whether subjects were aware or
unaware respectively of their hypertensive
status. The magnitude of the association
decreased a little but was still significant.

Despite the discussed limitations we main-
tain that the findings add to the accumulated
evidence from the literature that work stress in
terms of eVort-reward imbalance is related to
cardiovascular risk in middle aged working
populations. Moreover, results showed gender
diVerences in associations of eVort-reward
imbalance with cardiovascular risk factors. In
view of the public health implications of these
findings, further research eVorts including
intervention approaches are desirable.
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Appendix 1 Measures of extrinsic and intrinsic eVort and reward in the WOLF-study (factor loadings in parentheses,
Cronbach’s alpha)

Extrinsic eVort: Esteem Reward:

1. time pressure: 10. unfairly treatment:
Do you have enough time to meet the demands (0.73) Are you involved in conflicts in your job (0.52)

2. responsibility: 11. respect by colleagues:
Do you have responsibility for health and safety of other
persons in your job

Are you coming along well with your colleagues (0.48)

Do you have responsibility for material values or damage
in your job

12. respect by superiors:

Do you have to make diYcult and independent decisions
(0.46)

Are you coming along well with your superiors (0.61)

3. overtime work: 13. reciprocal support:
Do you have to work overtime (0.73) Do you have the possibility to receive help in diYcult

situations (0.66)
4. increasing demands: Cronbach’s alpha: 0.30

Have you been aVected by increasing responsibility in your
job during the past twelve months (0.27)

Cronbach’s alpha: 0.36 Status control:
14. job insecurity:

Intrinsic eVort: Are you concerned about current or future
unemployment (0.83)Immersion:

6. need for approval (0.76) 15. fear of job loss:
7. competitiveness and latent hostility (0.72) Are you personally concerned about being laid oV

(0.68)
8. impatience and disproportionate irritability (0.75) 16. undesirable changes in the work situation:
9. inability to withdraw from work obligations (0.71) Are you concerned about relocation of your job, about

job reorganisation or new technologies (0.61)
Cronbach’s alpha: 0.70 Cronbach’s alpha: 0.51

Items measuring extrinsic eVort or reward, and the four subscales measuring intrinsic eVort, were added to three factor based scales
according to our theory. Main component factor analysis was performed to examine the dimensions of the eVort and reward items.
Cronbach’s alpha was calculated to estimate the internal consistency of the factor based scales. The results of the factor and reliabil-
ity analyses are not shown in detail in this paper.

The construction of the eVort-reward ratio as described in the Methods section was restricted to those indicators of extrinsic effort
and reward that exhibit a prevalence of at least 20% of distressed subjects, reporting that they are often or very often concerned by
the stressor. This criterion was fulfilled by three measures of extrinsic eVort (that is, time pressure, overtime work, responsibility)
and four measures of low reward (that is, respect by colleagues, reciprocal support, undesirable change in the work situation, job
insecurity). This procedure was chosen to concentrate the analyses to highly prevalent stressful experience at work.
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