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Objectives The association between job strain and ambulatory blood pressure was studied among female whitecollar workers.
Methods This cross-sectional investigation studied 210 women in high- or low-strain jobs randomly selected
from 3183 women of all ages, employed as white-collar workers. The women wore an ambulatory blood pressure
monitor for 24 hours during a workday. Mean blood pressures were calculated. Psychological demands and
decisional latitude were measured twice (14 months before and 7 days before the blood pressure measurement)
with 2 scales recommended by Karasek.
Results Significant differences in blood pressure were found according to current job strain among the women
holding a university degree. Their mean blood pressures during work were significantly higher [8.0 mm Hg (1.1
Wa) systolic and 6.4 mm Hg (0.8 Wa) diastolic blood pressure] in the high-strain group than in the low-strain
group. Statistically significant elevations in blood pressure over the 24-hour period were also found for women
with a university degree. Cumulative exposure to high strain over 14 months was also significantly associated with
high systolic blood pressure at work, in the evening, and over a 24-hour period irrespective of other factors related
to blood pressure. Among the womeil without a university degree, the blood pressure differences observed between
the job strain groups were less than 1 imn Hg (0.1 kPa) and not statistically significant.
C O ~ C ~ U SThese
~ O ~ results
S
provide support for the effect ofjob strain on ambulatory blood pressure only among
female white-collar workers holding a university degree.
Key terms blood pressure, cardiovascular risk factor, education, occupational stress, psychological stress.

Since 1980, several studies have been conducted on the
association between occupational stress and cardiovascular diseases (1, 2). Research based on the job-strain
model developed by Karasek (3) has led to the largest
group of studies using a common conceptual model. This
model postulates that high psychological demands (defined by the quantity and the complexity of work, and
time constraints) combined with low decisional latitude
(defined by the individual's control over one's work and
the use of one's qualifications) produce high job strain.
It is hypothesized that this high job strain increases the
risk of developing physical o r psychological health

3

problems (4). Several studies have found some evidence
of an association between job strain (or 1 of its components) and cardiovascular diseases (2). The relationship
between job strain and elevation in blood pressure, one
of the most important cardiovascular risk factors, has also
been studied (5-23). A significant positive association
between job strain and blood pressure was reported in
10 of 19 studies (8, 10-15, 18, 20, 22). Inconsistency
in the results could be explained, at least partly, by the
use of different methodologies. Most of the studies were
cross-sectional (5-12, 14, 15, 17,21-23). Three studies used a job-strain measure assessed by giving each
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subject a score corresponding to the mean score for their
occupation (21-23). Several studies relied on casual
blood pressure measures usually taken outside the work
environment (5, 7, 9, 10, 15, 17, 19, 21). Other studies
used ambulatory blood pressure measures usually taken
at work and sometimes throughout the day with an ambulatory monitor worn by each subject (6, 8, 11-14, 16,
18, 20,22, 23). Eight of 11 studies that used an ambulatory monitor found a significant association with job
strain (8, 11-14, 18, 20, 22).
Assessing the effect of job strain on blood pressure
in women is particularly relevant. Indeed, an increasing
proportion of women are professionally active in most
industrialized countries (24). In addition, the proportion
of women exposed to psychosocial constraints at work
has been found to be higher than for men (7, 15, 17, 25,
26). Despite this fact, studies evaluating the effect of job
strain on blood pressure have been conducted twice as
often among men (5-1 1, 13-23) as among women (7,
8, 11, 12, 14, 15, 17-19). However, evidence of a possible association between job strain and blood pressure
was found in the same proportions in studies conducted
among women, 4 of 9 studies (8, 12, 14, 15), as in studies conducted among men, 7 of 18 studies (8, 10, 11, 13,
18, 20, 22).
The objective of our study was to measure the relationship between job strain and ambulatory blood pressure among white-collar women. The specific objective
was to determine whether high job strain (current exposure and cumulative exposure over 14 months) was associated with an elevation in systolic and diastolic blood
pressure at work. This hypothesis was also tested in relation to blood pressure measured in the evening, at night,
and over a 24-hour period.

Subjects and methods
Study design and selection of the study population
A cross-sectional study was conducted in Quebec City
(Canada). The study population was selected in 2 steps
(figure 1). There was an initial selection in 1991-1993
and then a 2nd selection in 1993-1994.
Initial selection (1991-1993). The subjects were identified with the use of data from a previous investigation
on the work environment and cardiovascular diseases
(Medical Research Council of Canada #90090P- 19499CBA-35698). All the women employed as white-collar
workers in 8 organizations were invited to participate in
this previous investigation between January 1991 and
March 1993. This population was recruited in the context of a large cardiovascular health promotion program
for working men and women of all ages. The total

number of workers in each organization varied from 282
to 3249 for a total of 9169. The overall participation
among the women was 76%. Fifty percent of the study
population came from 3 large organizations recruited by
the researchers based on an a priori impression of possibly high job strain (jobs involving repetitive tasks, a semipublic insurance company, and an income taxation service). Other organizations were chosen from public agencies and recruited by the team of the cardiovascular
health promotion program. For this 1st investigation, the
subjects completed a questionnaire about their history of
cardiovascular diseases, cardiovascular risk factors, lifestyle, job characteristics, and sociodemographic variables. Height, weight, and blood pressure were also measured. Due to the high cost and large amount of time needed to monitor blood pressure, we limited the number of
women to the minimum needed for sufficient statistical
power. We therefore took advantage of our data base to
select women exposed to high or low levels of job strain.
Other selection criteria were also applied to maximize
the power by restricting the number of factors to be controlled in the analysis. The eligibility criteria for the
present study were age between 18 and 64 years, work
lasting 235 hours a week in a job involving high strain
(high psychological demands and low decisional latitude)
or low strain (low psychological demands and high decisional latitude). The exclusion criteria were a body
mass index of 227 kg/m2, >2 drinks of alcohol per day,
antihypertensive medication, diabetes, or a history of
coronary, cerebrovascular or peripheral vascular disease
confirmed by a physician. Given that a complementary
objective of the study was to evaluate the effect of family responsibilities on blood pressure (Brisson C et al,
unpublished manuscript), women with children in shared
custody were also excluded. A total of 689 women met
our criteria. Eligible women were then stratified into 2
groups according to their work characteristics (high or
low strain), and a random sample of about 200 women
was drawn from each of the 2 groups to reach the final
optimal sample size of 100 per group after the 2nd selection.

Second selection (1993-1 994). The women previously
selected were contacted by telephone between October
1993 and May 1994. Women were included if they were
still eligible according to the initial criteria. Moreover,
those meeting the following criteria were excluded:
worked for >10 hours a week in another job, no longer
worked in the same organization, worked in a far away
building, were on sick leave, were pregnant, breast-feeding or on maternity leave, looked after a physically or
intellectually handicapped child or adult (particular
stress), or had definite angina pectoris classified by the
Rose questionnaire (27) (to minimize any possible influence of medication on blood pressure).
Scand J Work Environ Health 1998, "0124, no 5
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Data collection
Data were collected from 2 sources. Eligibility criteria
for the initial selection (including job strain at time 1)
and information on personality were taken from the
1991-1993 data base. All other data were collected
between October 1993 and June 1994. The women selected were contacted by telephone and met at the worksite. They had to coinplete a self-administered questionnaire on work and fanlily characteristics, life-style, and
sociodemographic variables. Weight and height were
measured. In the 2 weeks following the questionnaire,
ambulatory blood pressure was recorded using the Spacelabs 90207 monitor (Spacelabs Produits M6dicaux
LtCe, St Laurent, QuCbec, Canada). The subjects wore
the monitor for 24 hours during a usual workday. The
measures were taken every 15 minutes between 0700 and
2200 and every 30 minutes between 2200 and 0700.
Monday and Friday were excluded to eliminate possible
variations due to the proximity of the weekend. Each
woman also completed a diary indicating her posture,
physical activity, and the occurrence of any stressful
event for each blood pressure reading.

decisional latitude were dichotolnized at the median of
the distribution of a random sample of all workers in the
province of Quebec (high psychological demands: score
224 and low decision latitude: score 572) (15, 32), as
for the French validation study (31). Job strain at time 1
was categorized as follows: workers exposed to both high
psychological demands and low decisional latitude composed the high-strain group, and workers not exposed to
either job constraint composed the low-strain group.
None of the women were exposed to only 1 of these constraints at time 1 since this was a selection criterion. Current job-strain exposure (job strain at time 2) was categorized in the same way, but 2 intermediate exposure
groups were also defined. These 2 groups included the
subjects exposed only to low latitude, that is, the passive
group, and subjects exposed only to high demands, the
active group. Since job strain was measured at 2 different times, cumulative exposure to job strain was assessed.
The 4 groups were women exposed to high strain at times
1 and 2, women exposed to high strain only at time 1,
women exposed to high strain only at time 2, women not
exposed to high job strain at either times.

Blood pressure

Other relevant variables

Average systolic and diastolic blood pressures were calculated for each of the following periods: at work (0900
- 1600, morning: 0900 - 1230; afternoon: 1230 1600), in the evening (1700 - 2100), and at night (2400
- 0600). The end-of-evening period was brought forward to 2100 because of incomplete information about
the sleeping period, therefore ensuring that women would
be awake during the period of interest. In addition, 24hour blood pressure averages were calculated using mean
hourly blood pressures. The subjects with missing data
for at least 1 hourly blood pressure average were given a
missing value for the 24-hour mean.

Body mass index was defined by weight in kilograms divided by height in meters squared. Smokers were defined
as subjects smoking at least 1 cigarette a day. Alcohol
use was measured by the average nuinber of drinks of
alcohol consumed per week in the last 12 months (a drink
being a glass of beer, a glass of wine, or an ounce of hard
liquor). Physical activity during leisure time was measured by the number of times per week the subject engaged in a vigorous physical activity lasting at least 20
minutes. Oral contraceptive use was defined according
to current use. The demographic and work-related variables measured by the questionnaire included age, degree
of education completed, occupation, nuinber of hours
worked per week, and family income. Physical effort at
work was defined with a question used in the Quebec
Health Study of 1987 (33). Social support at work was
measured by an 8-item scale of the job content questionnaire (28). The measure of social support outside work
was composed of answers to 4 questions on available social support (advising or listening) that were used in the
Quebec cardiovascular study (32). Personality was evaluated with a variable composed of 5 questions on hostility taken from the Cook-Medley hostility scale (34) and
3 questions on anger taken from the Haynes et a1 study
(35). In addition, difficulty to express feelings was measured using 5 questions adapted from the alexithymia construct validated by Taylor et a1 (36).

Job strain
Job strain was assessed at 2 different times, namely, for
the initial investigation in 1991-1993 (job strain at time
1) and for this study (the 2nd selection) in 1993-1994
(current job-strain exposure or job strain at time 2). Psychological demands and decisional latitude were assessed
with the two 9-item scales of Karasek's job content questionnaire (28). The validity of a preliminary version of
these 2 scales has been studied earlier (4). For this preliminary version, evidence has been reported regarding
internal reliability (29), test-retest reliability within occupational codes (4), and construct validity (3, 4). The
internal reliability of the two 9-item scales has also been
documented (30). The internal consistency (0.73 for psychological demands and 0.83 for decisional latitude), factorial validity, and discriminant validity have been documented for the French version used by us (31). In
our study, the scores for psychological demands and
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The crude mean blood pressures at work were calculated for each category of factors influencing blood
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pressure. Statistical comparisons of mean blood
pressures within the factor's categories were done
using the F statistic obtained from an analysis of variance with a significance level of 0.05. Linear trends
were tested using ordinal variables in a linear r e g r e s sion.
The crude mean blood pressure for each job strain category and the differences of the mean blood pressures
between each exposed group and the unexposed group
were then calculated.
All the analyses concerning job strain and blood pressure were done separately for each systolic and diastolic
blood pressure, for each time period (work, evening,
night, and 24 hours), and for each job-strain exposure
(current and cumulative). The potentially modifying effect of age (25-39 versus 40-64 years), education (with
versus without university degree), size of organization
(divided into 3 groups according to the number of workers in the organization), number of hours worked (3540 versus >40 hours), seniority at this job (<1 year and
21 year), and social support at work (divided at the median) were first evaluated in a stratified analysis. We then
evaluated the statistical significance of the interaction using the F statistic obtained from an analysis of variance.
Potential confounders were evaluated using an analysis of covariance. Covariates were added one by one to
the model containing only the job-strain exposure. To be
included in the model, a covariate had to change at least
1 job strain coefficient by more than 10%. The subsequent covariate was added to the model, which included
the previous successful additions.
The adjusted mean blood pressures for each job-strain
category and the differences of the adjusted mean blood
pressures between each exposed group and the unexposed
group were calculated using an analysis of covariance.
Student's t test was used to determine whether the
observed blood pressure differences between each exposed group and the unexposed group were statistically
significant. Given that multiple comparisons were made,
the Bonferroni correction was applied to maintain an
overall significance level of 0.05 (37). Therefore, for the
difference between an exposed category and the reference category to be considered significant, the critical
threshold was 0.05/3=0.017.
Psychological demands and decisional latitude, taken as continuous variables with an interaction term for
"demand x latitude", were also analyzed using linear regression. In addition, a composite score of current jobstrain exposure defined by psychological demands minus decision latitude (previously transformed to be on the
same scale) (13) was also analyzed using linear regression. This score of current job-strain exposure, which
does not imply a multiplicative effect of demand and latitude, has been found to be positively correlated with
blood pressure (13).

Results
The selection of the study population is shown in figure
1. The reasons for exclusions during the initial selection
process were a body mass index of 227 (N=163), children in shared custody (N=79), antihypertensive medication (N=26), diabetes (N=22), and >2 drinks of alcohol per day (N=4). During the second selection process,
the largest number of exclusions involved 76 women who
no longer worked in the same organization, 23 women
who were working in a remote building, and 20 women
who were pregnant, breast-feeding or on maternity leave.
This exclusion process left us with 210 women for study.
These women were either managers (N=4), professionals (N=64), technicians (N=62), clerical employees
(N=77), or other public service employees (N=3).
Among our 210 participants, the mean systolic and
diastolic blood pressures at work were 119.6 (SD 8.2)
and 76.9 (SD 6.3) mm Hg [15.9 (SD 1.1) and 10.2 (SD
0.8 kPa)] respectively. The systolic and diastolic blood
pressures were similar in the evening (1 18.9 (SD 8.4) and
76.0 (SD 6.5) mm Hg [15.8 (SD 1.1) and 10.1 (SD 0.8)
kPa, respectively] and were lower at night, 99.6 (SD 6.8)
and 59.0 (SD 5.7) [13.2 (SD 0.9) and 7.8 (SD 0.8) kPa,
respectively]. Table 1 presents the mean blood pressures
at work according to the main factors previously
INITIAL SELECTION:
1991-1 993
Self-administered
questionnaire
and physical examination

8 organizations (participation = 76%),

Women aged 18 to 64 years, working
235 hours a week, N=2813

Women exposed to high or low job
strain, N=983
k 2 9 4 excluded
689 still eligible
- 237 low strain
- 452 high strain
SECOND SELECTION:
1993-1 994
telephone interview

41 6 randomly selected
- 202 low strain
- 214 high strain
-24

refused to participate
163 excluded

!
210 in the final sample
- 111 low strain
- 99 high strain

Figure 1. Selection of the study population. High strain was defined
as high psychological demands and low decisional latitude; low strain
was defined as low psychological demands and high decisional
latitude. The intermediate exposure categories of high demands
combined with high latitude and low demands combined with low
latitude were excluded in the initial selection.
Scand J Work Environ Health 1998, vol24, no 5
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Table 1. Systolic (SBP) and diastolic (DBP) blood pressures at
work according to factors which can influence blood pressure,
Quebec 1993-1 994.
Variables

Number of SBP (mm Hg)
subjectsa
Mean SD

Age (years)
25-34
35-44
45-54
55-64
Education (last degree
completed)
High school or less
College or equivalentb
University
Body mass index (kg/mz)
Low (t21.45)
Intermediate (21.45-23.29)
High (23.3-27.0)
Smoking
No
Yes
Alcohol use
< 1 drink oer week
1 to 5 drinks per week
6 to 14 drinks per week
Leisure-time physical activity
< 1 time per week
1 time per week
2 times per week
23 times per week
Use of oral contraceptives
No
Yes

DBP (mm Hg)
Mean

SD

119.5 7.9
119.4 8.1
119.2 8.2
124.5 10.8

76.9
76.8
77.0
76.3

6.5
6.2
6.6
8.0

74
65
71

121.3
119.3
118.0

8.8
7.3
8.0 *

78.4
76.7
75.5

6.7
6.4
5.5*

69
67
73

119.1
119.0
120.4

8.1
7.8
8.7

77.4
76.7
76.4

6.5
5.8
6.7

176
34

118.9
122.9

8.1
8.1*

76.5
78.7

6.3
6.4

76
104
28

119.9
119.2
119.6

8.4
8.1
7.4

76.8
76.6
77.9

6.6
6.0
6.4

84
38
52
36

120.6
118.0
119.6
118.8

9.6
7.7
6.5
7.1

77.3
76.6
76.5
76.7

7.5
5.3
5.3
5.9

182
27

119.1
122.8

8.2
7.5*

76.7
78.2

6.3
6.7

39
123
41
7

reported in the literature as being associated with blood
pressure. Systolic blood pressure was significantly higher among the less-educated women (test of trend,
P=0.01), smokers, and women taking oral contraceptives.
The same trend was observed for diastolic blood pressure, but these results were only statistically significant
for education (test of trend, P=0.006). Systolic blood
pressure was higher among the older women (N=7), but
the difference did not reach statistical significance. Body
mass index, alcohol use, and leisure-time physical activity were not associated with blood pressure. All but 3
subjects reported low physical effort at work.
In our sample, 25% of the women were exposed to
high strain at time 2 and thus were defined as currently
exposed to high strain. Women with high strain had a
slight elevation in blood pressure [systolic 2.0 mm Hg
(0.3 kPa), diastolic 1.7 mm Hg (0.2 kPa)] at work and in
the evening when compared with women with low strain.
These differences were not statistically significant. Other analyses revealed that the relationship between current job strain and blood pressure did not differ according to age, size of organization, number of hours worked,
or social support at work. Interestingly, the association
between current job-strain exposure and blood pressure
(systolic or diastolic) was modified by educational level. The final statistical models used included the following covariates: age, education, smoking, and oral contraceptive use. The other investigated variables had no
confounding effect. The results observed for systolic
blood pressure are presented in table 2. The relations
observed with diastolic blood pressure (not shown) were
similar. Among the women holding a university degree,
those exposed to high job strain had an elevated systolic
blood pressure of 8.0 mm Hg (1.1 kPa) at work when

The totals of each variable may differ from 210 because of missing
data.
In the province of Quebec, college refers to preuniversity or technical
studies.
* Significant association (Pt0.05) between the variable and blood pres.
sure using the F statistic obtained from the analysis of variance.

a

Table 2. Mean systolic blood pressures (SBP) and the differences between the means according to current job strain by education level,
Quebec 1993-1 994. (SE = standard error)
Period

Subjects with university degree
Na

SBP (mm Hgb)
Meand or
differencee

Work (0900 - 1600)
Low strain
Passive
Active
High strain
Evening (1700 - 2100)
Low strain
Passive
Active
High strain

Subjects without university degree

P-valuec

Na

SE

SBP (mm Hgb)
Meand or
differencee

P-valuec

SE

17
19
21
14

113.3
+ 3.3
+ 3.7
t 8.0

1.9
2.6
2.6
2.8

0.21
0.15
0.005

29
39
32
39

119.2
- 0.8
t 0.1
- 0.7

1.6
2.0
2.1
2.0

0.68
0.95
0.72

17
19
21
13

115.0
t 0.2
t 2.0
t 7.0

2.0
2.7
2.7
3.0

0.93
0.45
0.02

29
39
32
39

117.5
-0.2
t 0.7
- 0.1

1.6
2.0
2.1
2.0

0.92
0.75
0.98

The total number of subjects in the evening differed slightly from the total at work because of missing data.
1 mm Hgz0.133 kPa.
"he exposed categories were compared with the low-strain category, using Student's t test. For a difference to be considered statistically significant,
the critical threshold was P=0.017 (after the Bonferroni correction for an overall significant level of 0.05).
Adjusted for age, smoking and use of oral contraceptives.
Differences in blood pressure between the exposed categories (passive, active and high strain) and the low-strain category.
a
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compared with the women with low job strain (P=0.005).
An elevation in blood pressure was also observed, but it
was less important and not statistically significant for the
women in the passive (low latitude) or active (high demand) groups. The multiplicative interaction between
demands and latitude was tested (F statistic) and was not
statistically significant (P>O. 15). In the evening, the elevation in systolic blood pressure associated with high
strain was near the significance level. No significant effect of job strain on blood pressure was observed at night.
For diastolic blood pressure at work (not shown), the level observed in the high-strain group was 6.4 mm Hg (0.8
kPa) higher than that of the low-strain group (P=0.01).
Among the women without a university degree, the differences in diastolic blood pressure observed between the
current job strain categories were less than 1 mm Hg (0.3
kPa). Figure 2 shows the hourly mean systolic blood pressures by current job strain among the women with a university degree. Among these women, the difference in
systolic blood pressure between the high-strain group and
the low-strain group was more pronounced during the
work period, particularly in the afternoon. The elevation
observed in the high-strain group averaged 5.5 mm Hg
(0.7 kPa) (P<0.05) in the morning and reached 10.5 mm
Hg (1.4 kPa) (P<0.001) in the afternoon. Over the 24hour period the average elevation was 6.0 mm Hg (0.8
kPa) and was also statistically significant (P=0.012). For
the diastolic blood pressure (not shown), the average elevation over the 24-hour period was 4.8 mm Hg (0.6 kPa)
(P=0.017). (A graph using medians instead of means- yielded similar results.) The composite score of current
job-strain, measured on a continuous scale (psychological demands minus decisional latitude), was analyzed. It
yielded similar conclusions in that associations were

found only for the women holding a university degree
(not shown). Psychological demands and decisional latitude, taken as continuous variables, were not linearly associated with blood pressure, and there was also no interaction between these 2 factors.
Job strain exposure was assessed at 2 different times.
The time intervals between the 2 measures ranged from
9.4 to 37.5 months with a median of 14.4 months. Due
to recent rationalization in the participating organizations, there were substantial changes in the job-strain
exposure between the 2 assessments. The proportion of
the 210 women exposed to high strain at time 1 was 47%,
while only 25% were exposed to high strain at time 2
(current exposure). In all, 20% of the women were exposed to high strain at both time 1 and time 2, thus defined as being exposed to cumulative high-strain exposure. The results concerning cumulative job strain and
systolic blood pressure are presented in table 3. Among

I

+

I

strain (N=l7)

*lobv

latitude (N.18)
demands (N.21)
slraln (N=13)

+high
-high

t
-

--low

]

1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hnlllr

Figure 2. Hourly mean systolic blood pressure by current job strain
exposure among women with a university degree, Quebec, 19931994. ( m m Hg~0.133kPa)

Table 3. Mean systolic blood pressures (SBP) and the differences between the means according t o cumulative exposure to job strain by
education level, Quebec 1991-1 994. (TI=1991-1993, T2=1993-1994, SE = standard error)
Subjects

Subjects with university degree
Na

Work (0900- 1600)
Unexposed at TI and T2
Exposed only at TI
Exposed only at T2
Exposed at TI and T2
Evening (1700 - 21 00)
Unexposed at TI and T2
Exposed only at TI
Exposed only at T2
Exposed at T1 and T2
a

SBP (mm Hgb)

Subjects without university degree

P-valuec

Na

SBP (mm Hgb)
Meand or
differencee

P-valuec

Meand or
differencee

SE

SE

37
20
4
10

1 1 4.7
t 2.8
t 2.4
t 8.2

1.3
2.2
4.2
2.8

0.20
0.56
0.004

64
36
6
33

119.2
-0.9
-1.5
-0.6

1.1
1.7
3.4
1.7

0.59
0.65
0.72

37
20
4
9

114.9
t 2.3
t 3.4
+ 8.5

1.4
2.2
4.3
3.0

0.30
0.43
0.005

64
36
6
33

177.7
-0.4
-0.6
-0.3

1.1
1.7
3.5
1.7

0.83
0.86
0.88

The total number of subjects in the evening differs slightly from the total at work because of missing data.
1 mm Hg~0.133kPa.
The exposed categories were compared with the unexposed at both TI and T2,using Student's t test; for a difference to be considered statistically
significant, the critical threshold was P=0.017(after the Bonferroni correction for an overall significant level of 0.05)]
Adjusted for age, smoking, and use of oral contraceptives.
Differences in blood pressure between the exposed categories (exposed only at TI,exposed only at T2,exposed at both TI and T2) and the women
unexposed at both T1 and T2.
Scand J Work Environ Health 1998, vol24, no 5
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the women holding a university degree, those with high
strain at both time 1 and time 2 had a significant elevation in systolic blood pressure of 8.2 mm Hg (1.1 kPa) at
work (P=0.004) when compared with the women unexposed at both time 1 and time 2. This difference did not
change from morning to afternoon (not shown) and was
also similar in the evening. At night, there were no statistically significant differences between the exposure
groups. Women exposed only at time 1 and women exposed only at time 2 had a slight but not significant elevation in blood pressure when compared with the women unexposed at both times. On the other hand, diastolic
blood pressure was not significantly related to cumulative job strain (not shown). No significant difference according to cumulative job strain was observed among the
women without a university degree. Figure 3 shows the
hourly mean systolic blood pressure by cumulative job
strain among the women with a university degree. Although present all day, the blood pressure difference between the women exposed to high strain at both times
and the women unexposed at both times was more pronounced during the work and evening periods. Furthermore, over 24 hours, the systolic blood pressure elevation observed among the women exposed to high strain
at both time 1 and time 2 was statistically significant [7.7
mm Hg (1.0 @a) P=0.001].

Discussion
The results of our study provide support for the effect of
job-strain exposure on ambulatory blood pressure among
women holding a university degree. Among these women, the 8.0 mm Hg (1.1 kPa) and 6.4 mm Hg (0.8 kPa)
elevations in systolic and diastolic blood pressure seen
respectively during work in the high-strain group are clinically significant. Indeed, it has been demonstrated in a
meta-analysis of 9 prospective studies conducted among
men and women that a persistent elevation of 5 mm Hg
(0.7 kPa) in diastolic blood pressure increases the risk of
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a stroke by 34% and the risk of coronary heart diseases
by 21% (38). The association between daytime ambulatory blood pressure and these end points was found to be
stronger than that of office blood pressure (39,40).
In our study, we used ambulatory measures of blood
pressure taken over a 24-hour period for each subject.
Such measurements are more valid than office measures.
Ambulatory measures take into consideration the normal
blood pressure level at work and outside work rather than
the level measured in a clinic type of situation that may
not be representative of real life. Ambulatory measures
also control for blood pressure variability in relation to
the observer or to the presence of medical personnel. Our
ambulatory measures had twice the precision of a single
measure (41). In addition, our measure of job strain,
based on each worker's evaluation, avoids misclassification bias which could result from using a mean score
for each occupation, which does not take into account
the variance within an occupation. Even though the questionnaire seems to measure some "subjective" exposure
to job strain, it was found that this individual measure
was consistent with the evaluation of exposure conducted by experts (4). The method we used, which is associated with what workers think of their jobs, may be an
important element in the effect on blood pressure.
Associations between job strain and blood pressure
among the women holding a university degree were significant after adjustment for confounders. Missing data
on hours spent laying down (sleeping period), reported
in the diary, could have left some confounding in the association with the 24-hour blood pressure averages but
not for other time periods since the other periods excluded the hours with missing data. We also evaluated whether certain observations had a large influence on the parameter estimates by using Cook's D measure of influence. Cook's D measures the change of the estimates that
results from deleting each observation. No observation
appeared to have a large influence. In our data, educational level, smoking, and oral contraceptive use were
associated with blood pressure, as expected (42-45).
Older women had a higher systolic blood pressure, which
did not reach significance, possibly because of the small
number of older women (N=7). The fact that body mass
index and alcohol use were not associated with blood
pressure could be explained by the exclusion of the women most exposed to these factors.
The limitations of our study relate mainly to its crosssectional design, which is subjected to differential selection and information bias (46). As Theorell et a1 (47)
pointed out, it is unlikely that people with high blood
pressure would choose high-strain jobs. It is, however,
plausible that persons previously employed in high-strain
jobs and experienced high blood pressure could move
to low-strain jobs. Thus, if such a differential
selection effect occurred, it would likely lead to an
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underestimation of the true association. As for differential information bias, it may have occurred if workers
experiencing high blood pressure tended to perceive their
work situation differently. Such a difference in perception may lead them to report their work situation as being more psychologically demanding. Such a tendency
is also possible, although less likely, for low decision latitude. This bias would lead to an overestimation of the
true association. However, the opposite effect is also possible if women with high blood pressure had a hampered
ability to describe emotions and tended to underreport
adverse life conditions (48). To assess this potential information bias, an additional analysis was conducted excluding women who had reported being told they had
high blood pressure. This analysis yielded similar results.
Another limitation of the present study relates to the participant selection criteria, which did not allow extrapolation of the results to all female white-collar workers in
Quebec. In this regard, the percentage of women having
a university degree was higher in our study population
(34%) than among all white-collar women in Quebec
(18%) (unpublished observations from the Quebec cardiovascular health survey, 1994). However, the overrepresentation of women with a higher education did not induce bias in our results since the analyses were stratified
by education. Another limitation relates to the small sample size available for the study of the modifying effect
of education observed in the data.
We evaluated whether the absence of association
among the women without a university degree could be
explained by a selection effect. The proportion of women excluded for each exclusion criteria at the time of the
initial selection was similar according to the job-strain
categories, but this was not the case for exclusions made
in the 2nd selection step. In fact, there were twice as
many women excluded because they no longer worked
in the same organization (N=76) among the women exposed to high strain (23.8%) than among the women exposed to low strain (12.4%). This difference was statistically significant (P=0.003, Fisher's exact test). If job
strain is truly related to higher blood pressure, these exclusions may have led to an underestimation of the true
association. The possibility of differential selection according to educational level was then investigated.
Among the women without a university degree, there
were more than twice as many women excluded among
the women with high strain because they no longer
worked in the same organization (25.2%) as among the
women with low strain (10.7%, P=0.003, Fisher's exact
test). On the other hand, among the women holding a
university degree, the proportion of exclusions for this
criterion was more similar according to job-strain
exposure (20.6 versus 15.2, P=0.50, Fisher's exact
test). These different proportions of women excluded
according to educational level and job strain may have

led to an underestimation of the true association among
the women without a university degree and thus may explain why no association was found for these women. The
percentages of women excluded for other reasons were
similar according to educational level and job strain. We
also evaluated whether the modifying effect of education
could have been due to a more homogeneous distribution of the scores for the 2 job-strain scales among the
women without a university degree in comparison with
the women with a university degree. The distributions
of the psychological demand scores and the decision latitude scores were found to be similar by educational level.
It is also possible that the observation of an association only among the women holding a university degree
may have been due to a true modifying effect of education. Previous studies that found a positive association
between job strain and blood pressure among women included subjects with mixed educational levels, but they
did not evaluate the possible modifying effect of education (8, 12, 14, 15). Only 2 previous studies on job strain
and blood pressme conducted among men evaluated the
modifying effect of socioeconomic status on this association (13, 18). In the 1st study, no statistically significant difference was found according to educational level
(13). The 2nd study reported a stronger association
among lower status workers (la), which is contrary to
what we observed among women. However, women and
men may differ in their blood pressure responses to job
strain. Light et a1 (49) have recently reported that the effect of effort coping at work on blood pressure was higher
among women with high job status than among other
women, whereas no such modifying effect was observed
among men. One possible explanation for the modifying
effect of education could be the higher work expectations
of women holding a university degree. When confronted
with high psychological demands and low decisional latitude, the disappointment and frustration might be higher in women holding a university degree than in women
who are not as educated and possibly have lower expectations. This higher frustration could induce higher strain
and could result in a greater effect on blood pressure in
these women. This hypothesis is partly supported by the
study of Ross & Reskin (50), in which the positive relationship between the control one has over one's work and
job satisfaction was stronger among the highly educated
than among the less educated. A second possible explanation for the modifying effect of education is that highly educated women, assuming that they have a higher
level of job responsibilities than less educated women,
have more conflict between work and family than lesseducated women. This stronger conflict could
make highly educated women more vulnerable to other
stressors, such as job strain. This hypothesis is partly
supported by the work of Frankenhaeuser et a1 (51), who
Scand J Work Environ Health 1998, vol24, no 5
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suggested that female middle managers, when compared
with female clerical workers, experience the strongest
conflict between work and home life.
Our findings among women with a university degree
are consistent with the results of the studies of Van
Egeren (8), Theorell et a1 (12), Blumenthal et a1 (14), and
Laflamme et a1 (15). Three of these 4 studies used an
ambulatory blood pressure measure (8, 12, 14). On the
other hand, 2 studies, which also used an ambulatory
blood pressure measure, did not observe any association
among women (11, 18). However, these 2 studies were
conducted on very small samples of 64 (11) and 22 (18)
women. In addition, the percentage of participants was
either not provided (1 1) or very low (22%) (18). Our findings for cumulative job strain over time (an average of
14 months) among women holding a university degree
are consistent with a larger effect of blood pressure when
duration of exposure is prolonged and with an effect that
does not persist when exposure ceases. Schnall et a1 (20)
reported similar findings. However, our results should be
interpreted with caution given the limitations of the study
in evaluating these temporal dimensions. ~ h e s elimitations are due particularly to the selection effect often
present in cross-sectional studies, as discussed earlier.
Thus, although we had some data on prior exposure,
workers exposed for a prolonged period of time may have
been underrepresented in our cross-sectional population.
In addition, exposure prior to the 14 months preceding
the study was not assessed. These features may underestimate the true effect of exposure duration.
In conclusion, the present findings provide support
for the effect of job strain on ambulatory blood pressure
measured at work, in the evening, and over a 24-hour
period among female white-collar workers holding a university degree. The results provide no evidence of an effect among women without a university degree. Due to
the highly selected sample, the results cannot be extrapolated to all female white-collar workers in Quebec.
However, our results indicate that job strain may have
an effect on blood pressure among female white-collar
workers with a university degree. Further studies are
needed to evaluate the possible modifying effect of education on the association between job strain and blood
pressure. In addition, prospective studies are needed to
evaluate the effect of prolonged exposure to job strain
and the effect of exposure withdrawal on blood pressure.
The issue of exposure withdrawal is particularly relevant
for assessing the potential benefits of intervention studies aimed at reducing job strain in the workplace.
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