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Objectives The aim of this study was to analyze the relationship of job strain (high psychological job demands
and low decision latitude) to hypertension, serum lipids, and plasma fibrinogen.
Methods The study population consisted of employed persons between the ages of 15 and 64 years in the
counties of Stockholm, Västernorrland, and Jämtland, Sweden. The data collection was carried out during 1992–
1998. A total of 10 382 subjects participated in a medical examination and completed a questionnaire.
Results No strong associations were found between job strain and plasma fibrinogen. The males reporting job
strain had lower levels of total cholesterol and high-density lipoprotein cholesterol than the other males. Similar
tendencies were found for the females. The females, but not the males, with job strain had an increased
prevalence of hypertension when compared with the subjects with relaxed psychosocial work characteristics. In
the subgroups of younger males and females an adverse association between job strain and the ratio between lowdensity and high-density lipoprotein cholesterol was noted.
Conclusions The results do not support the hypothesis that job strain has an adverse impact on serum total
cholesterol and plasma fibrinogen levels. They suggest that an increased risk of coronary heart disease in
association with job strain, if causal, is mediated by other factors, possibly partly by hypertension and low levels
of high-density lipoprotein cholesterol.
Key words cholesterol, fibrinogen, high-density lipoprotein cholesterol, hypertension, work stress.

In Sweden, considerable differences have been found in
the incidence of myocardial infarction among socioeconomic and occupational groups (1–3). These differences are, to some extent, probably due to differences
in life-style and living conditions, but other factors, including psychosocial factors, may also be important.
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Several studies have indicated that the psychosocial conditions of the work environment, especially the combination of high psychological demands and low decision
latitude (job strain), is associated with an increased risk
of myocardial infarction (4–18). A few studies have
been negative (19–21), and the extent to which this
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association is causal is still unresolved. Furthermore,
there is limited knowledge about the associations between job strain and biological risk factors for coronary
heart disease.
Occasional and permanent increases in blood pressure and heart rate have been observed among subjects
in occupations with job strain (22–27). However, previous studies do not give a fully consistent picture (23,
28). Only a few studies have investigated the association between job strain and blood lipids and fibrinogen.
Siegrist and his co-workers (29) found that stressful job
conditions may be associated with an unfavorable lowdensity lipoprotein (LDL) to high-density lipoprotein
(HDL) balance. In a recent Swedish study of a rural
male population the results indicated that control over
the work situation had a positive influence on the
LDL : HDL ratio (30). Wamala et al (31) found an adverse lipid profile among Swedish middle-aged women
with low decision latitude at work. In the Whitehall
study, an association between low decision latitude and
plasma fibrinogen was observed (32), and similar findings were made in cross-sectional studies (33, 34). However, this association was not seen in a Japanese population when the results were adjusted for socioeconomic status (35). Furthermore, in a population of Danish
workers, no association between job strain and fibrinogen remained when the results were adjusted for confounding factors (36). Only weak associations between
job demands and decision latitude with blood pressure,
total cholesterol, and fibrinogen were found among
young adults in the CARDIA study (37, 38). No consistent associations between job characteristics and total cholesterol and HDL cholesterol were found among
Taiwanese white-collar workers (34). Other studies have
also failed to show an association between job strain and
total cholesterol (25, 36).
Longitudinal studies on large cohorts of working
men and women, with detailed information on exposure
conditions and potential confounding factors, may help
to increase the understanding of the possible mechanisms through which job strain may influence the
risk of coronary heart disease. The WOLF (work, lipids and fibrinogen) study was initiated with the
main objective of investigating the relationship between psychosocial work conditions, in particular job
strain, biological risk factors for coronary heart disease, and, ultimately, coronary heart disease incidence and mortality. It is a multicenter study involving the participation of research institutions and occupational health service units in three Swedish counties (Stockholm, Västernorrland, and Jämtland). Previous studies on the Stockholm part of the material have
approached different aspects of the psychosocial work
environment, such as effort-reward imbalance and unfair treatment at work (39–41).

Possible effects of job strain on cardiovascular risk
may be mediated either by effects on life-style (physical activity, smoking, eating habits) or by direct physiological effects that may raise blood pressure and certain serum lipids and also accelerate the formation of
clots. In the present study, our aim was to describe the
total study population of the WOLF study and to present
baseline data regarding associations between job strain,
blood pressure, blood lipids, and plasma fibrinogen
while adjusting statistically for possible effects of lifestyle in order to focus on possible direct physiological
effects.

Subjects and methods
A total of 36 occupational health service units in the
counties of Stockholm, Västernorrland, and Jämtland
were invited to take part in the study, and, of these, 33
accepted the invitation. The study population consisted
of employees at approximately 60 companies served by
these 36 occupational health service units, representing
a number of different branches and a wide variety of
occupations. The dominating branches were the pharmaceutical industry, transportation, public administration, telecommunications, sales work, teaching, mechanical industry, construction work, and bank employees.
According to the Nordic version of the International
Classification of Occupations, 159 occupations on the
three-digit level were represented in the study (42). It
was not feasible to include all employees of the 60 companies in the study, but all those employed at certain
workplaces (eg, laboratory, department, institution, garage, and sales organization) were asked to participate.
The selection of these workplaces was basically decided on practical grounds from the point of view of the
occupational health services. For example, employees
at workplaces where a health examination had recently
been carried out were not reexamined. Subjects who
were on more-or-less permanent leave from the workplace (eg, stationed abroad or on leave of absence) were
not included in the study population.
The data collection in the county of Stockholm was
carried out during 1992–1995, while the data collection
in Västernorrland and Jämtland (Norrland) was performed in 1996–1998.
A clinical examination was carried out as a targeted
health screening at the occupational health service unit.
This examination involved measurements of height,
weight, waist and hip circumference, and blood pressure. Blood samples were collected for determining
blood lipids and plasma fibrinogen. All the subjects were
asked to abstain from eating and drinking (with the exception of water) during the 9 hours preceding the
Scand J Work Environ Health 2002, vol 28, no 4
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clinical examination. Blood pressure was measured on
the right arm with the subject in the supine position after a 5-minute rest. Measurements were made twice in
a standardized way by specially trained nurses, with a
1-minute intermission. The mean of the two measurements was used as the recorded blood pressure. The
pressure was read to the nearest 2 mm Hg (0.26 kPa).
Hypertension was defined as a diastolic blood pressure
of ≥90 mm Hg (≥11.97 kPa) or a systolic blood pressure of ≥140 mm Hg (≥18.62 kPa) or treatment for hypertension.
Total cholesterol, as well as HDL cholesterol, was
measured enzymatically, HDL cholesterol after precipitation with phosphotungstic acid and magnesium
chloride. Fibrinogen in plasma was determined by a
spectophotometric test. All the analyses of blood lipids and plasma fibrinogen were carried out at the same
laboratory (CALAB Medical Laboratories AB, Stockholm, Sweden). The laboratory is accredited by the
Swedish Board for Accreditation and Conforming Assessment.
Hypercholesterolemia was defined as a total cholesterol level of >6.4 mmol/l. With regard to HDL cholesterol, cut-off points of 1.0 mmol/l for the males and 1.2
mmol/l for the females were used according to established criteria. The corresponding cut-off points for the
LDL : HDL ratio were 4.0 for the males and 3.0 for the
females. The plasma fibrinogen level was considered to
be increased if it was greater than 3.60 g/l for the males
and 3.84 g/l for the females. These limits corresponded
to the 90th percentile for the distributions of each gender in the study population.
The occupational health service unit gave an extensive questionnaire to each subject for completion at
home. The questionnaire included a large number of
questions covering sociodemographic factors, occupation and work environment, life-style factors, disease
history, and hereditary factors.
Job strain was measured according to a Swedish
modification of a questionnaire developed by Robert
Karasek (15). Psychological job demands were measured using five items with four response alternatives
each, forming a four-point ordinal scale. An index of
psychological job demands was formed by the sum of
scores for these items, with 5 as the minimum and 20 as
the maximum score for the index. In a corresponding
way, decision latitude was measured by an index based
on six items, with 6 as the minimum and 24 as the maximum. (See the appendix.) Decision latitude and psychological job demands were dichotomized into
“high” and “low”, using the median score as the cut-off
point (18 for decision latitude and 13 for job demands).
In the analysis, those with “low” decision latitude were
compared with those with “high” decision latitude, and
those with “high” job demands were compared with
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those with “low” job demands. Job strain was defined
as the combination of high job demands and low decision latitude. In the analyses of job strain, a dichotomy
was used, contrasting those with job strain to those without. Analyses were also made comparing subjects with
job strain with subjects who had relaxed work conditions (ie, high decision latitude and low job demands).
Socioeconomic group was defined on the basis of
information on occupation and education in accordance
with a system used in Sweden (43). For the purpose of
this report, the subjects were categorized as blue-collar
workers or white-collar workers. They were categorized
according to whether or not they reported current
smoking. Those who reported exercising never or
seldom were considered to be physically inactive.
Overweight was defined as a body mass index (BMI)
of >25, using information about weight and height
(kg/m2) from the clinical examination. A fat intake index was constructed on the basis of several questions,
mainly covering the consumption of dairy products. This
index ranged between zero and five, and those with an
index value of at least three were classified as having
high fat intake.
Of all the invited employees, a total of 10 413 subjects both responded to the questionnaire and took part
in the clinical examination, corresponding to a participation rate of 82%. Altogether 10 382 subjects were between 15 and 64 years of age, and thus were included
in our analysis. Of these subjects, 7146 (69%) were male
and 3236 (31%) were female.
The number of subjects is shown in table 1, stratified by gender, age, and socioeconomic group. Twelve
subjects could not be classified with regard to socioeconomic group and were not included in the table. In
all, 3854 of the males (54%) were classified as bluecollar workers, while the corresponding number was 678
(21%) for the females. For both genders the proportion
of blue-collar workers was higher in Norrland than in
Stockholm.
The characteristics of the WOLF participants are
given in table 2. About 22% of the males and 28% of
the females were classified as exposed to job strain. Altogether 21% of the males and 27% of the females in
the total study population were current smokers. Physical inactivity during leisure time, high consumption of
fat, overweight (BMI >25), hypertension, and elevated
total cholesterol were more common among the males
than among the females. Overweight and hypertension
were more prevalent among both the males and females
in Norrland than among their counterparts in Stockholm.
For HDL cholesterol, the LDL : HDL ratio, and plasma
fibrinogen, different cut-off points were used for the
males and females. Low HDL cholesterol (<1.0 respectively <1.2 mmol/l) was measured for 13% of the males
and 10% of the females. A high LDL : HDL ratio was
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Table 1. Proportion of blue-collar workers in the WOLF study population by gender, age, and geographic area.
Stockholm
Males
Age
(years)

15–24
25–34
35–44
45–54
55–64
Total

Norrland
Females

Total population

Males

All
subjects

Bluecollar
workers

All
Bluesub- collar
jects workers

All
subjects

(N)

N

%

(N)

N

%

(N)

173
810
848
959
426

135
331
294
337
186

78
41
35
35
44

148
606
639
773
285

78
120
83
113
49

53
20
13
15
17

79
810
1044
1285
702

3216 1283
(missing 6)

40

2451 443
(missing 1)

18

Females

Bluecollar
workers

All
subjects

Males

Bluecollar
workers

Females

All
subjects

Bluecollar
workers
N

N

%

(N)

N

%

(N)

64
602
720
770
415

81
74
69
60
59

15
136
228
271
133

6
44
74
71
40

40
32
32
26
30

252
1620
1892
2244
1128

3920 2571
(missing 4)

66

783
235
(missing 1)

30

All
subjects
%

(N)

199
933
1014
1107
601

79
58
54
49
53

163
742
867
1044
418

7136 3854
(missing 10)

54

Bluecollar
workers
N

%

84
164
157
184
89

52
22
18
18
21

3234
678
(missing 2)

21

Table 2. Prevalence (%) of the baseline characteristics in the Stockholm, Norrland, and total WOLF study population. (BMI = body mass
index, HDL = high-density lipoprotein, LDL = low-density lipoprotein)
Stockholm
Characteristic

Males
(N=3222)

Job strain
Relaxed work
Smoking
Smoking >10 cigarettes/day
Physically inactive
BMI >25
High fat intake
Hypertension (≥140 mm Hg, ≥90 mm Hg or treatment a)
Hypercholesterolemia (>6.4 mmol/l)
HDL (<1.0 respectively <1.2 mmol/l)
LDL : HDL ratio (≥4.0 respectively ≥3.0)
Fibrinogen (≥3.60 respectively ≥3.84 g/l)

21
18
24
13
25
48
19
18
19
13
13
11

a

Norrland
Females
(N=2452)
27
15
27
16
21
30
8
13
13
10
11
10

Total

Males
(N=3924)

Females
(N=784)

23
16
18
8
28
62
20
26
23
13
13
9

30
13
24
10
20
45
12
21
19
11
14
10

Males
(N=7146)

Females
(N=3236)

22
17
21
11
27
56
19
23
21
13
13
10

28
14
27
14
21
33
9
15
14
10
12
10

1 mm Hg ≈ 0.133 kPa.

found for 13% of the males (ratio ≥4) and 12% of the
females (ratio ≥3).

Statistical methods
The associations between the psychosocial factors of the
work environment and the biological risk factors for coronary heart disease were studied by means of prevalence
ratios (PR) together with 95% confidence intervals (95%
CI). Stratified analyses were carried out using the Mantel-Haenszel procedure (44), adjusting for age only and
for age, socioeconomic group, smoking, physical inactivity, fat consumption, and BMI. The test-based 95%
confidence intervals were computed in accordance with
the methods suggested by Miettinen (45). All the analyses were performed using the SAS computer program,
version 8.02 (46).

Results
Table 3 shows the results for the associations between
psychosocial work conditions and hypertension, plasma
fibrinogen, and blood lipids among the males in the total study population. Low decision latitude was associated with low HDL cholesterol, but not with an increased LDL : HDL ratio, after adjustment for confounding factors. An inverse association between job strain
and total cholesterol was found when the reference
group consisted of all those without job strain. This result was also found when the males with job strain were
compared with the males that had relaxed work conditions (ie, high decision latitude and low job demands).
In the same way as for low decision latitude, job strain
was also associated with low HDL cholesterol levels,
but not with an increased LDL : HDL ratio, when compared with males with relaxed work conditions.
Scand J Work Environ Health 2002, vol 28, no 4
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Table 3. Decision latitude, psychological job demands, and job strain in relation to biological risk factors for coronary heart disease
among the males 15 to 64 years of age in the WOLF study population. (PR = pvalence ratio, 95% CI = 95% confidence interval, HDL =
high- density lipoprotein, LDL = low-density lipoprotein)
Risk factor

Hypertension (≥140 mmHg systolic, ≥90 mmHg diastolic, or treatment e)
Adjustment for age
All f
Elevated plasma fibrinogen (≥3.60 g/l )
Adjustment for age
All f
Hypercholesterolemia (>6.4 mmol/l)
Adjustment for age
All f
Decreased HDL cholesterol (<1.0 mmol/l)
Adjustment for age
All f
Elevated LDL : HDL ratio (≥4.0 )
Adjustment for age
All f

Low decision
latitude a

High job
demands b

Job strain
versus other c

Job strain
versus relaxed d

PR

95% CI

PR

95% CI

PR

95% CI

PR

1.1 1.0–1.2
1.1 1.0–1.2

0.9
0.9

0.8–1.0
0.8–1.0

1.0
1.0

0.9–1.1
0.9–1.1

1.0 0.9–1.2
1.0 0.8–1.1

0.9 0.8–1.1
0.9 0.7–1.0

1.0
1.0

0.8–1.1
0.9–1.2

1.0
1.0

0.8–1.2
0.8–1.2

0.9 0.7–1.2
0.9 0.7–1.2

0.9 0.8–1.0
0.9 0.8–1.0

0.9
0.9

0.9–1.0
0.8–1.0

0.9
0.8

0.8–1.0
0.7–1.0

0.8 0.7–0.9
0.8 0.6–0.9

1.3 1.2–1.5
1.2 1.1–1.4

0.9
1.0

0.8–1.0
0.8–1.1

1.1
1.0

0.9–1.2
0.9–1.2

1.3 1.0–1.6
1.3 1.0–1.6

1.0 0.9–1.2
1.0 0.9–1.2

1.0
1.0

0.9–1.1
0.9–1.1

1.0
0.9

0.8–1.1
0.8–1.1

1.1 0.9–1.3
1.0 0.8–1.3

95% CI

High decision latitude was used as the reference category.
Low job demands was used as the reference category.
The subjects with the combination of low decision latitude and high job demands (job strain) were compared with the subjects with any other combination of decision latitude and job demands.
d
The subjects with the combination of low decision latitude and high job demands (job strain) were compared with the subjects with the combination of
high decision latitude and low job demands.
e 1 mm Hg ≈ 0.133 kPa.
f
PR adjusted for age, socioeconomic group, smoking, physical activity, fat consumption, and body mass index.
a

b
c

Among the females, low decision latitude was associated with an increased prevalence of hypertension after adjustment for the covariates. Tendencies towards a
greater prevalence of elevated plasma fibrinogen and
decreased HDL cholesterol were also found for the females with low decision latitude. Females with job strain
showed an increased prevalence of hypertension when
compared with females in relaxed jobs (table 4).
Similar analyses as those described in tables 3 and 4
were carried out for the following three age groups: 15–
44 years, 45–54 years, and 55–64 years. Tables 5 and 6
show the results for the males and females in the youngest age group. With regard to hypertension, plasma fibrinogen, and total cholesterol, there were, in general,
no substantial differences between the age-specific and
the overall results among the males. However, the association between low decision latitude and low HDL
cholesterol levels was more pronounced for the males
below 55 years of age than for the older males (PR 1.3,
95% CI 1.0–1.6; PR 1.3, 95% CI 1.1–1.7; and PR 0.9,
95% CI 0.6–1.4 for males 15–44, 45–54 and 55–64 years
old, respectively). Among the females the associations
between low decision latitude and total cholesterol,
HDL cholesterol level, and the LDL : HDL ratio was
stronger for the younger (≤44 years of age) than for the
older females. Both the males and females aged 44 years
and younger showed stronger associations between job
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strain and low HDL cholesterol levels and LDL : HDL
ratio, compared with persons aged 45 years or older. An
especially high prevalence of elevated LDL : HDL ratio
was found for the young males exposed to job strain in
Stockholm (PR 2.3, 95 % CI 1.1–4.6).

Discussion
Overall, we found no strong associations between decision latitude, psychological job demands, and job strain
with hypertension, plasma fibrinogen or the LDL : HDL
ratio among the males of our study; however, low decision latitude and job strain were related to an increased
prevalence of low HDL cholesterol. The males who reported job strain had low total cholesterol levels to a
greater extent than the other males. For the females, low
decision latitude and job strain were associated with an
increased prevalence of hypertension. An increased
prevalence of low HDL cholesterol was also suggested
for the females in jobs with low decision latitude, similar to that seen among the males, but the confidence interval was wider. These associations to low HDL cholesterol were stronger among the younger subjects of
both genders.
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Table 4. Decision latitude, psychological job demands, and job strain in relation to biological risk factors for coronary heart disease
among the females 15 to 64 years of age in the WOLF study population. (PR = prevalence ratio, 95% CI = 95% confidence interval, HDL
= high-density lipoprotein, LDL = low-density lipoprotein)
Risk factor

Hypertension (≥140 mm Hg systolic, ≥90 mm Hg diastolic, or treatment e)
Adjustment for age
All f
Elevated plasma fibrinogen (≥3.84 g/l )
Adjustment for age
All f
Hypercholesterolemia (>6.4 mmol/l)
Adjustment for age
All f
Decreased HDL cholesterol (<1.2 mmol/l )
Adjustment for age
All f
Elevated LDL : HDL ratio (≥3.0)
Adjustment for age
All f

Low decision
latitude a

High job
demands b

Job strain
versus other c

Job strain
versus relaxed d

PR

95% CI

PR

95% CI

PR

95% CI

PR

95% CI

1.4 1.2–1.6
1.3 1.1–1.5

0.9
0.9

0.8–1.1
0.8–1.1

1.0
0.9

0.8–1.2
0.8–1.1

1.3
1.3

1.0–1.8
1.0–1.8

1.2 1.0–1.5
1.2 0.9–1.5

1.0
1.0

0.8–1.2
0.8–1.2

1.1
1.1

0.9–1.4
0.9–1.4

1.1
1.2

0.8–1.6
0.8–1.7

1.2 1.0–1.4
1.1 0.9–1.4

0.9
0.9

0.8–1.1
0.7–1.1

1.0
1.0

0.9–1.2
0.8–1.2

1.1
1.0

0.8–1.4
0.7–1.4

1.3 1.1–1.6
1.2 0.9–1.5

0.9
0.9

0.7–1.1
0.7–1.1

1.2
1.1

1.0–1.5
0.9–1.4

1.1
1.0

0.8–1.6
0.7–1.5

1.1 0.9–1.3
1.0 0.8–1.3

1.0
0.9

0.8–1.2
0.8–1.1

1.1
1.1

0.9–1.4
0.9–1.3

1.0
0.9

0.8–1.3
0.7–1.2

High decision latitude was used as the reference category
Low job demands was used as the reference category.
The subjects with the combination of low decision latitude and high job demands (job strain) were compared with the subjects with any other combination of decision latitude and job demands.
d
The subjects with the combination of low decision latitude and high job demands (job strain) were compared with the subjects with the combination of
high decision latitude and low job demands.
e 1 mm Hg ≈ 0.133 kPa.
f
PR adjusted for age, socioeconomic group, smoking, physical activity, fat consumption, and body mass index.
a

b
c

Table 5. Decision latitude, psychological job demands, and job strain in relation to biological risk factors for coronary heart disease
among the males 15 to 44 years of age in the WOLF study population. (PR = prevalence ratio, 95% CI = 95% confidence interval, HDL =
high- density lipoprotein, LDL = low-density lipoprotein)
Risk factor

Hypertension (≥140 mmHg systolic, ≥90 mmHg diastolic, or treatment e)
Adjustment for age
All f
Elevated plasma fibrinogen (≥3.60 g/l )
Adjustment for age
All f
Hypercholesterolemia (>6.4 mmol/l)
Adjustment for age
All f
Decreased HDL cholesterol (<1.0 mmol/l )
Adjustment for age
All f
Elevated LDL : HDL ratio (≥4.0)
Adjustment for age
All f

Low decision
latitude a

High job
demands b

Job strain
versus other c

Job strain
versus relaxed d

PR

95% CI

PR

95% CI

PR

95% CI

PR

95% CI

1.3
1.2

1.1–1.6
1.0–1.5

0.9
0.9

0.7–1.0
0.8–1.1

1.0
1.0

0.8–1.2
0.8–1.2

1.2
1.2

0.9–1.6
0.9–1.6

1.0
1.0

0.7–1.3
0.8–1.4

0.9
0.9

0.7–1.2
0.6–1.2

0.8
0.8

0.5–1.1
0.5–1.1

1.0
0.9

0.6–1.6
0.5–1.6

1.0
0.9

0.8–1.1
0.7–1.1

0.8
0.8

0.7–1.0
0.7–1.0

0.9
0.8

0.7–1.1
0.7–1.0

0.7
0.7

0.6–1.0
0.5–0.9

1.4
1.3

1.2–1.7
1.0–1.6

0.9
1.0

0.7–1.0
0.8–1.2

1.0
1.1

0.9–1.3
0.9–1.3

1.4
1.4

1.0–1.9
1.1–2.0

1.1
1.0

0.9–1.4
0.7–1.2

1.0
1.1

0.8–1.2
0.9–1.4

1.0
1.0

0.8–1.3
0.8–1.2

1.3
1.2

0.9–1.8
0.8–1.7

a

High decision latitude was used as the reference category
Low job demands was used as the reference category.
c
The subjects with the combination of low decision latitude and high job demands (job strain) were compared with the subjects with any other combination of decision latitude and job demands.
d
The subjects with the combination of low decision latitude and high job demands (job strain) were compared with the subjects with the combination of
high decision latitude and low job demands.
e
1 mm Hg ≈ 0.133 kPa.
f
PR adjusted for age, socioeconomic group, smoking, physical activity, fat consumption, and body mass index.
b
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Table 6. Decision latitude, psychological job demands, and job strain in relation to biological risk factors for coronary heart disease
among the females 15 to 44 years of age in the WOLF study population. (PR = prevalence ratio, 95% CI = 95% confidence interval, HDL =
high-density lipoprotein, LDL = low-density lipoprotein)
Risk factor

Low decision
latitude a

High job
demands b

Job strain
versus other c

Job strain
versus relaxed d

PR

95% CI

PR

95% CI

PR

95% CI

PR

95% CI

1.3
1.1

0.8–2.0
0.7–1.7

1.0 0.7–1.5
1.0 0.6–1.6

0.9
0.8

0.6–1.5
0.5–1.3

1.8
2.0

0.8–4.2
0.8–5.0

1.4
1.4

1.0–1.9
0.9–2.1

1.1 0.8–1.5
1.0 0.7–1.5

1.3
1.2

0.9–1.8
0.8–1.8

1.4
1.5

0.8–2.5
0.7–2.9

1.4
1.6

1.0–2.1
1.0–2.4

0.8 0.6–1.2
0.8 0.6–1.3

1.3
1.3

0.9–1.8
0.8–2.0

1.0
1.2

0.6–1.8
0.6–2.4

1.5
1.3

1.1–2.1
0.9–1.9

0.9 0.7–1.2
0.9 0.7–1.2

1.3
1.2

1.0–1.8
0.9–1.6

1.3
1.2

0.9–2.1
0.7–2.1

1.5
1.5

1.1–2.1
1.1–2.2

1.0 0.7–1.4
0.9 0.7–1.3

1.5
1.4

1.1–2.1
1.0–2.0

1.4
1.3

0.9–2.3
0.7–2.3

e

Hypertension (≥140 mmHg systolic,≥ 90 mmHg diastolic, or treatment )
Adjustment for age
All f
Elevated plasma fibrinogen (≥3.84 g/l)
Adjustment for age
All f
Hypercholesterolemia (>6.4 mmol/l)
Adjustment for age
All f
Decreased HDL cholesterol (<1.2 mmol/l)
Adjustment for age
All f
Elevated LDL : HDL ratio (≥3.0)
Adjustment for age
All f
a

High decision latitude was used as the reference category
Low job demands was used as the reference category.
The subjects with the combination of low decision latitude and high job demands (job strain) were compared with the subjects with any other combination of decision latitude and job demands.
d
The subjects with the combination of low decision latitude and high job demands (job strain) were compared with the subjects with the combination of
high decision latitude and low job demands.
e
1 mm Hg ≈ 0.133 kPa.
f
PR adjusted for age, socioeconomic group, smoking, physical activity, fat consumption, and body mass index.
b
c

Many of the studied associations between psychosocial work conditions (especially job demands) and biological risk factors for coronary heart disease were
close to the null value in this study. It is worth noting
that the corresponding confidence intervals were narrow
in general; this finding strengthens the interpretation of
the association as truly being close to the null.
The outcome factors were originally measured on a
continuous scale, and it may be argued that important
information is lost when such factors are dichotomized.
We have done the corresponding analyses with continuous outcomes, and the results were very similar to those
presented here.
Since this is a cross-sectional study, the time relation between exposure and outcome cannot be determined. Therefore, interpretations in causal terms are
more difficult. Thus a bias may have been introduced if
the outcome had an influence on the probability of exposure. For example, it cannot be ruled out that the subjects with high blood pressure tended to seek certain
types of jobs, possibly less stressful. In this situation a
real influence on blood pressure from a stressful work
environment may have been underestimated or may
have even passed unobserved. This type of selection bias
may explain, though probably only to a very limited
extent, our somewhat unexpected results with regard to
job strain and total cholesterol among the males.
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The overall participation rate was 82% in our study.
There were, in particular, three health care units with
low participation rates. We excluded these units and
made analyses restricted to subjects belonging to the
remaining health care units, corresponding to a participation rate of 86%. The results were similar to those regarding all the subjects. Thus it seems unlikely that nonparticipation seriously biased our results.
The concepts “psychological job demands” and “decision latitude” are theoretically considered to be “objective” characteristics of the work environment. However, there are currently no established methods for
measuring these work characteristics in an “objective”
fashion. The common way of measuring is, as in this
study, by asking the worker questions about work conditions. One problem with this method is that the worker’s report may not only be influenced by the work environment per se, but also by individual characteristics
of the worker, such as sensitivity to work stress, ability
to cope with stressful conditions at work, propensity
to complain about work conditions, and general
satisfaction with the work situation, thus causing
misclassification of exposure. The effect of this misclassification depends on whether or not it is related to the
outcome, in this study blood pressure, blood lipids,
and plasma fibrinogen. If it is unrelated to the outcome, a nondifferential misclassification of exposure is
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introduced, and this misclassification may contribute to
masking true associations between work environment
factors and outcomes in this study. To the extent that
awareness of these outcomes exaggerates the reporting
of adverse psychosocial work environment exposure, a
differential misclassification of exposure would be indicated, and the prevalence ratios would be biased away
from the null. Low HDL cholesterol has usually not been
considered for medical treatment by general practitioners. This practice leads us to believe that it is highly unlikely that an awareness of the HDL cholesterol level
would contribute to this type of misclassification and explain the results found in this study with regard to HDL
cholesterol.
It has been proposed that measuring subjective job
strain with questions like the ones used by us may not
be sensitive to capturing job strain among white-collar
workers (47). If so, and if there is a true relationship
between job strain and coronary heart disease among
both blue- and white-collar workers, our results would
be an underestimate of the true association. However,
we did not see any major differences between blue-collar and white-collar workers among the males when we
did additional analyses stratified by socioeconomic status. Among the females, some differences in the estimated prevalence ratios were noted between the bluecollar and white-collar workers, with a tendency towards
higher prevalence ratios regarding blood lipids among
blue-collar females compared with white-collar females,
when exposed to high job demands and job strain.
In some previous studies attempts have been made
to measure the psychosocial work environment in a
more “objective” measurement procedure. This procedure has mostly been based on population-based averages for occupation, gender, and age-specific subgroups
of the population. In such studies, a significant association has been observed between job strain and ambulatory blood pressure (23), as well as between low decision latitude and plasma fibrinogen (32, 33), particularly among women.
It is well known that, if blood pressure is measured
on only one occasion, less representative levels may be
obtained. There may be important fluctuations in the
blood pressure level over the day, and these fluctuations
are not captured by a single measurement. It is therefore often a better alternative to measure ambulatory
blood pressure over a 24-hour period; however, for practical reasons it was not possible in our study. Associations between job strain and ambulatory blood pressure
measured over 24 hours have been found in previous
studies (22–24, 26). We used specially trained nurses
for the blood pressure measurements in order to reduce
measurement error. It seems reasonable to assume that
any misclassification of blood pressure, if present, was
unrelated to the exposure in this study. This possible

nondifferential misclassification would then result in a
bias of the association towards the null value. This possibility may have contributed to the lack of clear associations between the psychosocial work environment
factors and hypertension in this study, particularly
among the males.
Blood lipids and plasma fibrinogen were analyzed
in the same laboratory. Any misclassification of these
factors due to errors in the analyses would thus probably be unrelated to the exposure and result in a bias of
the prevalence ratios towards the null.
Our results show an association of low decision latitude and job strain with low HDL cholesterol in males,
and this association was further enhanced among younger males. A similar tendency was found for the females,
however, with rather broad confidence intervals. These
findings are not likely to be due to selection bias or to a
misclassification of exposure or blood lipids. After adjustment for several confounding factors, these results
remained fairly unchanged. The prevalence ratios were
on the order of 1.2–1.3, and it is still possible that remaining uncontrolled confounding caused the increased
prevalence ratios. For example, we had only crude information on dietary habits. Alcohol consumption is
known to be related to HDL cholesterol, and may also
be related to psychosocial work conditions. However,
further adjustment for alcohol consumption did not
change the result in this study. Whether the potential
association between decision latitude and HDL cholesterol level is due to an independent effect of adverse
psychosocial conditions on the production of HDL is not
known. There are indications in the literature that the
proportion of HDL in total cholesterol is affected when
subjects are exposed to chronic adverse psychosocial
conditions. In a population study of middle-aged women, Wamala et al (31) observed that the total:HDL cholesterol ratio had a linear relationship with decision latitude (an unfavorable ratio being associated with low
decision latitude). Similar observations were made for
male workers by Siegrist et al (48). Furthermore, in a
study of the effects of job intervention aiming at improved psychosocial conditions (improved decision latitude and social support), a significantly improved
LDL : HDL ratio was observed, despite nonsignificant
observed effects of the program on diet, smoking habits, and physical activity. No similar effect was observed
in a reference group (49). The most likely explanation
for the change in the intervention group is that stress
reduction had taken place and that the reduction had affected the lipids. An adverse association between job
strain and the LDL : HDL ratio was noted for the males
in Stockholm and for the younger females in our study.
Somewhat surprisingly, we found an inverse association between job strain and total cholesterol among the
males. We cannot rule out the possibility that residual
Scand J Work Environ Health 2002, vol 28, no 4
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confounding partly contributed to our results. The
decrease in total cholesterol can also, in part, be due to
the low HDL levels measured for these males. Overall,
no associations between job characteristics and total serum cholesterol were found for the females in our study.
Previous studies have shown inconsistent results regarding associations between job strain and total cholesterol (25, 29, 34, 36, 37).
In conclusion, our results provide some support for
the hypothesis that occupational stress in the form of low
decision latitude or job strain may have an adverse impact on HDL cholesterol in both males and females and
on hypertension at least in females. Our results also indicate that psychosocial work characteristics do not influence the risk of myocardial infarction through high
total cholesterol or plasma fibrinogen levels.
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Appendix
Questions used in the job strain index

Demands

Often

Sometimes Seldom

Never/
almost never

Often

Sometimes

Never/
almost never

1. Do you have to work very fast?
2. Do you have to work very intensively?
3. Does your work demand too much effort?
4. Do you have enough time to do everything?
5. Does your work often involve conflicting demands?

Decision Latitude

6. Do you have the possibility of learning new
things through your work?
7. Does your work demand a high level of skill
or expertise?
8. Does your job require you to take the initiative?
9. Do you have to do the same thing over and over
again?
10. Do you have a choice in deciding HOW
you do your work?
11. Do you have a choice in deciding WHAT
you do at work?
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