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Eleven normotensive workers in "high strain" jobs, defined by the combination of high
psychological work load and low worker control, were compared with 26 normotensive workers
in "low strain" jobs on ambulatory blood pressure (BP) at work, at home in the evening, and
during sleep. High strain workers' systolic BP was higher at work and at home in the evening,
after adjusting for prework casual BP, body mass index, gender. Type A behavior, and caffeine
consumption. Under certain conditions, systolic BP during sleep and diastolic BP at work were
higher as well. Men and women, and Type A and Type B workers, were indistinguishable in
job strain effects on BP. Type A workers tended to hold "active" (high demand, high control)
jobs, and Type B workers "passive" jobs. More research is needed to distinguish more clearly
job strain as 'cause' of observed BP effects from job strain as mere 'correlate.'

INTRODUCTION

Several major studies in the United
States and Sweden have reported a signif-
icant relationship between 'job strain' and
elevated risk for coronary heart disease
(1-4), when job strain was defined as the
combination of high psychological de-
mands and low worker decision latitude
(job control).

By comparison with heart disease, the
empirical evidence linking job strain to
hypertension is weak. Pieper et al. (1)
found casual systolic blood pressure (BP)
related to level of personal job control,
inversely, in three of five national health
data bases, but not to job strain itself.
Support for job strain theory was ad-
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vanced recently by the results of a major
study by Schnall et al. (5). Workers at
seven New York work sites were screened
for hypertension, resulting in 87 hyper-
tension cases and 128 normotensive con-
trols, who were then evaluated by clinical
examination, administration of a job
strain questionnaire, ambulatory BP mon-
itoring, and echocardiographic measure-
ment of cardiac mass. Workers in high
strain jobs were three times as likely as
workers in low strain jobs to have hyper-
tension, when hypertension was based on
elevated diastolic pressure at work. They
also more often had greater left ventricu-
lar cardiac mass.

Like all nonexperimental data, job
strain results suffer from being subject to
multiple interpretations. The hypothesis
of causation must compete with alterna-
tive possibilities, chief of which is the
"drift" or selection hypothesis. Workers
with preexisting disease or a predisposi-
tion to disease may drift into, or select
themselves into, high strain occupations.
This can occur when personal traits are
related to risk for disease and also to oc-
cupational preference or opportunity. For
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example, possessors of Type A behavior
tend to seek out challenges and may select
themselves into high strain occupations;
they also have elevated risk for coronary
heart disease.

The hypothesis that job strain causes
disease would be supported by empirical
evidence that job strain is related to risk
factors like hypertension long before
symptoms appear, the relationship is not
dependent on gender or on the possession
of Type A behavior or on other factors
that are related to job selection, and the
job strain effects carry over from the
workplace into the home. Carry-over
would imply that work strain has pro-
longed effects on the circulation, which
would increase the chances of causing
long-term damage. Workplace carry-over
is implied by the recent finding that work-
ers' ambulatory BP, when monitored on a
workday and a nonworkday, was elevated
on the workday, not only at work but also
during the leisure hours at home follow-
ing work (6). It is also implied by the
finding that ambulatory heart rate was
elevated, at home and during sleep, as
well as at work, when workers experi-
enced low social support at work (7). It
has yet to be demonstrated that job strain
BP effects continue on into the home.

The purpose of the present study was
to test the hypothesis that exposure of
normotensive workers to high job strain
elevates ambulatory BP in the home as
well as at the workplace. A related pur-
pose was to determine whether the con-
sequences of job strain vary between men
and women, and between possessors and
nonpossessors of the Type A behavior pat-
tern.

METHODS

Subjects
In 1985 to 1986 1800 Michigan State University

employees with sedentary jobs were screened by
questionnaire for freedom from drugs and acute or
chronic illness, including hypertension, and posses-
sion of either the Type A or Type B behavior pattern.
Sixty-eight employees, who were selected from this
group for ambulatory BP monitoring, were further
assessed in the office for normal BP (<140/90 mm
Hg while seated on two occasions) and for Type A
behavior (by the structured interview, (8), which
was administered in a non-challenging manner). Re-
sults on these 68 employees were reported previ-
ously (9).

Forty of the 68 employees were recontacted re-
cently and agreed to participate in the present study.
Twenty-eight employees either had left the univer-
sity, failed to return telephone calls, or refused to
participate in the study. Three sub]ects were lost
because of equipment failure or incomplete data.
Thirty-seven employees completed 24-hour ambu-
latory BP monitoring: 12 female Type As, eight fe-
male Type Bs, 12 male Type Bs, five male Type As.
The employees ranged in age from 21 to 52 years.
One employee was African-American, one Mexican-
American, and the others Caucasian. Occupations
represented were middle management (13 workers),
secretary (11), research assistant (6), computer pro-
grammer (4), editor (1), fund-raiser (1), and optome-
trist (1).

Procedure
Each employee was monitored on a workday.

After reporting to the laboratory at 8 A.M., the
SpaceLabs 90202 monitor was applied and checked
for accuracy. The cuff was placed on the nonpre-
ferred arm. The hose of the cuff was attached to a
mercury manometer through a "Y" connector. Three
calibration readings were manually triggered a cou-
ple of minutes apart. A trained technician read the
BP (diastolic pressure read as the fifth phase) with a
stethoscope microphone placed over the brachial
pulse. The technician's readings were "blind" to the
monitor readings. Criteria of acceptability were met
if simultaneous readings by technician and monitor
agreed within 5 mm Hg and were normotensive
(<140/90 mm Hg). The monitor was programmed to
record BP every 30 min during the day (0600-0000
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hours) and every 60 min during the night (0000-
0600 hours). Workers were instructed to follow their
normal daily routine when they left the laboratory,
to record their behavioral activity in a diary (de-
scribed in ref. 10) following each waking BP reading,
and to self-administer the Job Content Questionnaire
(JCQ) (4) for assessing job strain prior to returning
the following morning.

The JCQ had 42 four-point Likert-type items. Job
strain classification was based on the job control and
job demand scales. The job control (decision lati-
tude) score was the sum of two subscales, job discre-
tion (items assessing whether work was repetitive,
or required creativity, a high level and variety of
skills, the development of new skills, and engaged
the worker's personal skills) and decision authority
(items assessing whether worker made decisions on
own, was free to decide how work was done, and
had much to say about what happened on the job).
The job demand scale was composed of five items
assessing whether the work was fast, hard, excessive
for time allotted, and conflicting in demands. Details
on the reliability and validity of the JCQ are avail-
able in Karasek and Theorell (4), who reported reli-
ability estimates of 0.78 for the decision latitude
scale and 0.59 for the psychological demand scale.

The JCQ items were weighted and summed such
that scale scores ranged from 12 to 48. Using the
cutoff points of Schnall et al. (5), an employee was
classified as "high job strain" when his or her JCQ
job control score fell below 38 and job demand score
exceeded 31. Thirty percent of the sample, 11 of 37
employees, met the criteria, compared with 20% of
the Schnall et al. sample. The remaining 26 employ-
ees were classified as "low job strain." The high job
strain employees included seven women and four
men, six Type As and five Type Bs. The low job
strain employees included 13 women and 13 men,
and 11 Type As and 15 Type Bs.

The primary statistical procedure was the one-
way analysis of covariance (ANCOVA) for testing
the effect of job strain on BP during each of the three
major time periods, and two-way analyses in which
either behavior type (Type A vs. Type B) or gender
was added to job strain as the second factor. Com-
prehensive three-factor ANCOVA models, which
would have included the three group main effects
(job strain, behavior type, and gender) and all pos-
sible interactions, were not tested because of low
cell frequencies in the high job strain stratum.

Job strain effects, job strain by gender interac-
tions, and job strain by behavior type interactions
were adjusted for covariates to guard against con-
founding of effects due to an unequal N in cells of
statistical models, the disproportion of men and
women and of behavior types in the two job strain
groups, and uncontrolled factors that are known to
influence blood pressure. The covariates were base-
line casual BP in the laboratory, body mass index,
gender, Type A behavior classification, and percent
of ambulatory BP readings taken while the employee
consumed a beverage containing caffeine, with the
exceptions that baseline BP was not a covariate in
models of baseline BP, gender was not a covariate in
tests of interactions involving gender, and behavior
type was not a covariate in tests of interactions
involving behavior type. Age was not treated as a
covariate because high strain and low strain em-
ployees were nearly identical in mean age (35 for
high strain employees, 36 for low strain employees,
F < 1.0) and age had a negligible relationship to
arterial pressure (r = —0.05, for a 24-hour average
systolic pressure, r = —0.03, for diastolic pressure).
Covariates in each model were tested for homoge-
neity of slope in cells of the model.

A 5% two-tailed rejection region was selected for
all statistical tests.

Statistical Analysis
Ambulatory BP readings were manually edited

for artifacts by methods described elsewhere (11).
Mean BP values were computed for readings at
work, at home in the evening, and during sleep. The
last two of the three casual BP measurements taken
by the technician in the laboratory before the em-
ployee left for work were averaged to obtain a base-
line BP value. A body mass index (BMI) was com-
puted by dividing the employee's weight in kilo-
grams by his or her height in meters squared.

RESULTS

High strain and low strain employees
did not differ significantly on body mass
index, baseline casual BP (diastolic or sys-
tolic), gender membership, Type A behav-
ior membership, or the percent of ambu-
latory BP readings taken during caffeine
intake (p > 0.05, all tests). Despite the
absence of significant group differences,
these variables were treated as covariates
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in statistical models of BP, because the
variables are known to influence BP.

Workers classified as Type A reported
having greater work loads, F(l,33) =
14.69, p = 0.001, and greater personal
control at work, F = 9.73, p = 0.004, but
did not more often have a high strain job,
Fisher Exact Test P = 0.719, compared to
Type B workers. Men and women did not
differ significantly in self-reported job de-
mand, F = 3.08, p = 0.088, job control, F
< 1.0, or in the frequency of having a high
strain job, Fisher Exact Test P = 0.495.

Means and F test results of one-way
ANCOVA comparing high job strain em-
ployees to low job strain employees in BP
at baseline in the laboratory and during
the three major time periods (work, home,
and sleep) appear in Table 1. The means
are presented by gender and by behavior
type. Results for tests of the interaction
between job strain and gender and be-
tween job strain and behavior type also
appear in Table 1.

The mean systolic BP of high strain
employees was significantly higher both
at work (130 vs. 118 mm Hg) and at home
in the evening (124 vs. 117 mm Hg) (Table
1), compared with low strain employees,
after adjusting for the covariates listed
above. It was also higher during sleep (111
vs. 104), but not significantly, F(l,30) =
3.38, p = 0.076. Diastolic BP was higher
at work (78 vs. 74 mm Hg), F = 4.69, p =
0.038, but not at home or during sleep. As
noted above, high strain and low strain
workers did not differ significantly in
baseline BP measured in the laboratory
before they left for work (Table 1).

The probability values in Table 1 indi-
cate the error rate of statistical test out-
comes for individual BP measures, but not
the error rate for all six BP measures
examined. To determine the latter, the
job strain effect on all six measures, after

adjusting for the covariates, was tested
jointly; the effect was significant, multi-
variate F(6,24) = 2.74, p = 0.036.

Men and women, and Type A and Type
B workers, did not differ significantly in
the job strain effect on ambulatory BP.
Tests of the hypothesis of zero interaction
were not rejected (Table 1). The strain-
by-gender and strain-by-behavior type in-
teractions were not only nonsignificant
but also small in size. All F ratios for the
interactions were less than 1.0. Increasing
the sample size would not have changed
the statistical test outcomes from nonsig-
nificance to significance, unless the sub-
jects added to the study had increased the
mean square for an interaction substan-
tially. Furthermore, the BP elevations ac-
companying high job strain were consist-
ent across groups, appearing in women as
well as in men, and in Type B as well as
Type A employees (Table 1).

Job strain is a two-dimensional concept;
it represents neither heavy psychological
demands at work, nor low personal con-
trol over the work, but the unique com-
bination of the two. If job strain theory is
correct, then job strain effects should not
vanish when job demand effects and job
control effects are removed from them.
This theoretical expectation was tested by
adjusting the job strain effects reported in
Table 1 for two additional covariates: job
demand and job control. The job strain
effects on systolic pressure were altered
slightly. Test values for systolic pressure
at work changed from F = 12.26, p = 0.001
without the additional adjustments to F
= 8.39, p = 0.007 with them. Likewise,
the new test values for systolic pressure
at home (F = 4.94, p = 0.035) were close
to that in Table 1. Test values for diastolic
pressure at work and for systolic pressure
during sleep changed only slightly, but
enough to alter significance levels. Work
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TABLE 1. Blood Pressure by Job Strain, Behavior Pattern, and Gender: Means and F Tests

Measure

Systolic
Baseline
Work
Home
Sleep

Diastolic
Baseline
Work
Home
Sleep

High Job Strain (HJS)

M e n

120

129

123
111

72

78

74

62

Women

118

130

124

112

73

78
72

60

As'1

118

130

123
113

74

78
72

62

Bs

120

129

124

110

71

78
73

59

Low Job Strain (L|S)

M e n

115

120

118

105

71

74

71

59

Women

111

117

115

103

71

73
72

58

As

114

117

117
104

72

73
72
58

Bs

113

119

117
104

71

74

72
59

HJSvs

F

1.45
12 26

5.24
3.38

< 1

4.69
< 1

< 1

• US

p

0.238
0.001
0.029
0.076

0.038

JSx
TABP11

f P

< 1
< 1

< 1

< 1

< 1

< 1

< 1

< 1

JSx
Gen-
der

F p

< 1
< 1

< 1

< 1

< 1

< 1

< 1

< 1
a Type A employees.
b Job strain group by Type A behavior group interaction.

diastolic pressure changed from signifi-
cance to nonsignificance~("F = 3.57, p =
0.069) and systolic pressure during sleep
from nonsignificance to significance (F =
4.88, p = 0.036).

DISCUSSION

The results are in general agreement
with expectations of job strain theory.
Greater job strain was associated with
higher ambulatory systolic BP at the
workplace. This result confirms the find-
ing by Schnall et al. (5) and extends the
finding to a more restricted range of blood
pressure and occupation; such restrictions
would normally be expected to weaken
the job strain effect. Unlike the Schnall et
al. study, workers were recruited from
only one work site instead of several, and
were all normotensive instead of a mix-
ture of normotensive and hypertensive.

The results provide evidence, to our
knowledge for the first time, that job
strain effects may reach beyond the walls
of the workplace into the home, perhaps

even into sleep. High strain employees'
systolic BP was elevated in the evening,
and. less clearly, during sleep. Work
strain may contribute to the development
of hypertension by prolonging elevated BP
beyond working hours. This possibility is
consistent with the report that workers'
ambulatory BP, when monitored on a
workday and a nonworkday, was elevated
on the workday, not only at work but also
at home in the evening (6).

Work strain was associated more
clearly with systolic pressure than with
diastolic pressure, which was elevated
only on the job and only when BP varia-
bility associated with variability in job
demand and job control was not removed
from the job strain effect. For subjects
who are normotensive, the greater re-
sponsiveness of systolic pressure to job
strain is consistent with the pathogenesis
of hypertension, in that systolic pressure
tends to be elevated in early stages, and
diastolic pressure only later (12).

In this study, as in Pieper et al. (1), job
strain was unrelated to casual BP meas-
urements. Here, however, job strain was

Psychosomatic Medicine 54:337-343 (1992) 341



L. F. VAN EGEREN

related to ambulatory BP during work and
during the hours at home subsequent to
work. Multiple ambulatory readings may
be superior to a few casual readings in
revealing job strain effects when they are
present. When Schnall et al. (5) substi-
tuted ambulatory measurement for casual
measurement, the job strain odds ratio for
the diagnosis of hypertension improved.

The provisional interpretation of the
present results, in keeping with job strain
theory, is that high job strain caused ele-
vated BP. The validity of this interpreta-
tion is threatened by confounding vari-
ables for which job strain may have acted
as a proxy, by the possibility that employ-
ees with preexisting higher BP drifted into
or selected themselves into the higher
strain jobs, and by the limited capacity of
covariance adjustments to "equalize"
high strain and low strain employees on
all relevant variables but work strain.

Restriction on the effectiveness of the
covariance adjustment procedure is a lim-
itation of the present study, and of job
strain research in general. The serious-
ness of this limitation was mitigated by
the absence of statistically significant dif-
ferences between high strain and low
strain employees on the covariates.

Threats to interpretation of the results
caused by confounding and job selection
were reduced, but not eliminated, by two
factors. First, the job strain effects were
tested after adjusting for factors likely to
confound the BP effects of work experi-
ence: casual BP measured in the labora-
tory before work, body mass index, gen-
der, Type A behavior, and consumption
of caffeinated beverages during BP moni-
toring. These adjustments would tend to
reduce differences between high strain
and low strain employees in BP effects
prior to and apart from exposure to work.
Second, gender and possession of Type A

behavior, which may in general be related
to drift into occupations, as well as to BP,
were not related to job strain classifica-
tion, and did not interact with job strain
effects on BP. Failure to reject the hy-
potheses of zero interaction was not likely
the result of the relatively small sample
size of the study. The F ratios for inter-
actions were less than 1.0; any subjects
added to the study would have had to
increase the interaction effects substan-
tially in order to have changed the statis-
tical outcomes from nonsignificance to
significance.

The Type A employees tended to oc-
cupy what Karasek and Theorell (4) la-
beled "active" jobs (jobs high in both de-
mand and personal control), and the Type
B employees to occupy "passive" jobs (jobs
low in demand and control), rather than
high and low strain jobs, respectively. It
is consistent with theoretical expectation
(13) that people possessing Type A traits
would prefer and select work high in both
challenge and personal control.

Adjustment of the job strain effects on
work and home systolic pressures for job
demand and job control variance did not
cause the effects to shrink seriously. Con-
sistent with work strain theory (4), neither
personal control alone nor psychological
demands alone accounted for the elevated
systolic pressure associated with high
strain work; the unique combination of
the two was necessary. This finding, re-
ported also by Schnall et al. (5), questions
the custom of treating personal control
and environmental challenge as inde-
pendent causes of stress effects. Job strain
effects on diastolic pressure at work and
systolic pressure during sleep were also
changed only slightly by the adjustment
for job control and job demand variance,
but enough to alter significance levels.
Work diastolic pressure changed from sig-
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nificance to nonsignificance, and sleep
systolic pressure from nonsignificance to
significance.

Much more research will be required
to reduce uncertainties in interpretation
of the present findings and of job strain
results in general. Longitudinal or pro-
spective studies (14) can reduce but not
eliminate the problems of interpretation,
which arise from the uncontrolled and
nonexperimental nature of the data in
this field. Only gradually mounting evi-
dence, which painstakingly sorts out the

job strain effect from a myriad of possible
confounding influences, can slowly raise
the job strain hypothesis from possibility
to plausibility, although never defini-
tively to proof.
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