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Influence of job strain and emotion on blood pressure
in female hospital personnel during workhours
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THEORELL T, AHLBERG-HULTEN G, JODKO M, SIGALA F, de la TORRE B. Influence of job
strain and emotion on blood pressure in female hospital personnel during workhours. Sand J Work
Environ Health 1993;19:313—8. A homogeneous sample of 56 women who were between the ages
of 20 and 59 years and worked in acute emergency care, child psychiatry, or a pediatric outpatient
clinic comprised the subjects of this study to determine the relationship between job strain and blood
pressure. Job strain was measured with a standardized questionnaire, and blood pressure during
workhours with self-triggered equipment. Endocrine factors (morning concentration of plasma pro-
lactin, cortisol, and dehydroepiandrosterone) and emotional states recorded in diaries were also studied.
Significant interrelationships occurred among perceived job strain, plasma prolactin, and diastolic blood
pressure during workhours even when body mass index, age, family history of hypertension, level of
education, and mood state were adjusted for in a multiple regression analysis. Thus job strain of female
care givers was associated with systolic and diastolic blood pressure during workhours and also with
diastolic blood pressure at rest, but not with blood pressure during leisure time.

Key terms: activity blood pressure, body mass index, cortisol, cross-sectional study, dehydroepi-
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Since the introduction of the concept of job strain
(the result of a combination of high psychological
demands and low decision latitude), several studies
have been published regarding its relationship to the
risk of cardiovascular disease (1). One of the reasons
for this relationship may be that job strain induces a
state of sympathoadrenal activation. If this activation
is long-lasting, it might influence several physiolog-
ical processes which increase the risk of cardiovas-
cular disease. Blood pressure elevation is such a
process. Accordingly, blood pressure should be stud-
ied in relation to job strain. Existing data on this re-
lation have been controversial (2—7). The discrep-
ancies may be due, at least in part, to the way in
which blood pressure has been measured — at rest,
during workhours, or during leisure time (8). The
conflicting results may also be explained by the vary-
ing degree of awareness in studied subjects about
their own blood pressure — subjects who are una-
ware of their own hypertension are likely to under-
report life problems (9), whereas the opposite may
be true of those who know that they are hyperten-
sive.

General knowledge exists regarding the role of the
pituitary and the adrenal medulla and cortex, and spe-
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cifically cortisol and catecholamine concentrations
in plasma and urine have been studied extensively
in relation to blood pressure elevation. (For a review,
see reference 10.) However, there is also a need for
more specific knowledge regarding other endocrine
factors. For instance, it has been pointed out that
plasma prolactin, which mirrors the dopaminergic
activity in the brain (the lower the dopaminergic ac-
tivity, the higher the plasma prolactin), seems to re-
act to real life stressors in a systematic way. When
subjects feel overwhelmed and powerless in a crisis
situation, plasma prolactin tends to rise, whereas no
elevation or even decreased levels may be seen dur-
ing a crisis situation if the subject is active and feels
that he or she is in command of the situation. (For a
review, see reference 11.) This phenomenon could
be of importance to blood pressure although the re-
lationship between prolactin and blood pressure has
not been studied extensively in nonpregnant study
groups. Another hormone of potential relevance that
has been studied during recent years is dehydroepi-
androsterone (DHEA). It has been found that DHEA
plasma levels are low in subjects who are likely to
develop heart disease or to have aggravated heart dis-
ease in the near future (12).

It has been pointed out by several authors that
there may be specific physiological reactions to cer-
tain components of work stress and that, according-
ly, it may be meaningful to study the psychoendo-
crinologic aspects of work stress specifically in de-
fined occupational branches. One such example is
health care, which always entails confrontation with
and closeness to suffering (13). This confrontation
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Table 1. Age of the participants, none of whom were pregnant,
lactating or on birth control medication.

Department Number Age (years)
of of

employment subjects Mean Range
Child psychiatry 17 35 23—58
Emergency 29 37 20—56
Pediatric outpatient 10 43 33—59
Total 56 38 20—59

is a special characteristic of caring which may have
profound effects on endocrine factors. Other features
of health care are the frequent risks of intense emo-
tional conflicts and risks of error making which may
threaten the lives of others.

The specific relationships between work condi-
tions in health care and psychophysiological activa-
tion are of great interest in the study of blood pres-
sure in relation to work conditions. In the present in-
vestigation an effort was made to combine a study
of a psychophysiologically interesting homogeneous
group (female care givers) with regard to blood pres-
sure (both diastolic and systolic blood pressure) at
rest and during activity at work and during leisure
time. Since a criticism in previous studies has been
that researchers have not taken into account social
class or education, which may determine blood pres-
sure levels independently of work conditions (6),
level of education was used as a confounding varia-
ble. Finally emotional states were studied since it has
been remarked that the mechanism underlying pos-
sible relationships between job strain and blood pres-
sure may be emotional. Body mass index and fami-
ly history of hypertension were also taken into ac-
count as potential confounders in some of the anal-
yses.

Study sample

This study is part of a larger one concerned with im-
proving the psychosocial work environment in health
care. As part of this study, the personnel of three dif-
ferent departments (an acute emergency ward, a de-
partment of child and youth psychiatry, and finally
a pediatric outpatient clinic in Stockholm county)
were asked to participate. All female personnel who
had been working for more than half a year at the
ward were eligible. Out of those eligible, 90% par-
ticipated in the questionnaire part, 91% agreed to
have a blood sample taken in the morning for the
endocrine part, and 82% made a self-triggered blood
pressure measurement every hour during an ordinary
workday. The personnel in the acute emergency unit
were working on a constantly rotating day and night
shift. The measurements took place during daytime
work, with an ordinary night’s sleep preceding the
work. The resulting number of female participants
was 64. Women who were pregnant, lactating, or on
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birth control medication (N = 8) were excluded from
the present analysis. Thus 56 women remained. Of
these subjects, 27 were registered nurses and 29 were
nurses and aides with a lower educational level. The
numbers of participants (blood samples) in the dif-
ferent wards, as well as their age distribution, are pre-
sented in table 1.

Methods

The participants were asked to arrive at work in the
morning after overnight fasting. Between 0700 and
0800 a blood sample was drawn from an antecubital
vein by a licensed nurse. Thereafter, the subjects
were instructed to measure their own blood pressure
by means of a Cardiocare 2000 apparatus once ev-
ery hour during waking time (of a day with no
evening or night work) from 0800 to 0800 of the next
day, both at work and during leisure time and to note
activities and moods at the time of each measure-
ment. The protocols used for this procedure have
been described earlier (14).

The average systolic and diastolic blood pressures
were calculated separately from all of the available
measurements for work and leisure time. Measure-
ments at rest were made immediately after the sub-
jects woke up in the morning, before they started any
activities. The comparability of these measurements
to both conventional and fully automated equipment
measurements has been reported as good (14, 15).

Emotional states were monitored by means of a
diary, which was filled out on every blood pressure
measurement occasion. On the basis of the ratio of
reported “happy” occasions to total number of ob-
servations, percentages of specific moods were cal-
culated for each subject. For the present analysis, the
specific moods “percent happy” and “percent wor-
ried” were used as indices of emotional states. “Per-
cent happy” showed a distribution that was reason-
ably close to a normal distribution (skewness —0.28,
kurtosis —1.14), whereas the variable “percent wor-
ried” was less normally distributed (skewness 2.33,
kurtosis 5.28). The logarithmic transformation of the
“percent worried” variable was tested in the statisti-
cal analyses, but it made no difference to the results
— all of the relationships were far from statistically
significant.

For the description of the psychosocial work en-
vironment a Swedish version of Karasek’s demand-
decision latitude questionnaire (16) was used. In the
present study, however, the modification from the
ordinary Swedish version was made in that the par-
ticipants were asked to categorize intensity of con-
ditions rather than frequency. A Swedish work so-
cial support scale (positive factors) was also used
(17). The Cronbach alpha was 0.51 for psychologi-
cal demands, 0.56 for decision latitude, and 0.77 for
positive factors. For the present report only positive
factors and the ratio between psychological demands
and decision latitude have been used. The job strain



ratio of this sample showed a distribution which was
close to normal (skewness 0.21, kurtosis —0.73).

Radioimmunoassay was used for the analysis of
the cortisol, prolactin, and serum DHEA concentra-
tions (18). Logarithmic transformations were used in
all of the statistical analyses of plasma prolactin since
its distribution was skewed.

Body mass index was calculated on the basis of
reported weight and height (kg - m?). The subjects
were specifically asked about family history of hy-
pertension in their father, mother, and siblings. Those
who had responded affirmatively to any of these
questions were operationally defined as subjects with
a family history of hypertension.

Conventional statistical tests were used, including
a one-way analysis of variance with post hoc test-
ing according to Scheffe and a linear multiple regres-
sion.

Results

Table 2 shows the mean systolic and diastolic blood
pressures and their 95% confidence intervals during
rest, work, and leisure time.

The mean job strain ratios in the three departments
were 0.80 (SE 0.04) (emergency), 0.55 (SE 0.03)
(child psychiatry), and 0.53 (SE 0.07) (pediatric
outpatient). The differences between the emergency
department and the other departments were signifi-
cant, job strain being perceived as higher in the emer-
gency department than in the other two depart-
ments.

A linear regression was performed between job
strain and the systolic and diastolic blood pressure
measurements and during rest, work, and leisure
time, as well as between job strain and body mass
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Figure 1. Linear regression analysis of job strain in relation
to diastolic blood pressure (BP) during work hours. (1 mm Hg
= 0.133 kPa)

Scand J Work Environ Health 1993, vol 19, no 5

index, plasma levels of (log) plasma prolactin, plas-
ma cortisol, plasma DHEA, age, education, percent
happy, and percent worried. Significant relationships
on the 5% level were found between job strain and
diastolic blood pressure during rest (standardized
beta = 0.30) and during work (standardized beta =
0.29). There was also a significant relation between
job strain and (i) body mass index (standardized beta.
—0.30) and (ii) log plasma prolactin (standardized
beta = 0.31). Log prolactin was tested in relation to
the blood pressure measures. Significant relationships
were found with diastolic blood pressure during work
and systolic blood pressure during leisure time
(standardized beta 0.27 and 0.31, respectively).

The percentage of time feeling “happy” was also
tested in relation to the six different blood pressure
measures. Significant inverse relationships were
found in all instances, the standardized regression
coefficients ranging from 0.35 (diastolic blood pres-
sure during work) to 0.49 (systolic blood pressure
during work). The relationships between job strain
and diastolic blood pressure and between job strain
and log plasma prolactin are displayed in figures 1
and 2, respectively.

Table 2. Systolic and diastolic blood pressure during differ-
ent conditions. (95% CIl =confidence interval)

Systolic blood Diastolic blood

Number

pressure pressure
Condition of (mm Hgjb (mm Hg)®
subjects2
Mean 95% Cl Mean 95% ClI
Rest 47 106.9 101.1—110.7 713 68.1—745
Work 52 117.3 113.1—121.3 790 76.2—81.8
Leisure time 42 1133 109.1—117.5 771 73.7—80.5

2 The body mass index varied between 18 and 43 with a mean of 26
(95% Cl 24—28).
® 1 mm Hg=0.133 kPa.

y = 0.386x + 2.114 r2 = 0.095

3,2 =
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Figure 2. Linear regression analysis of job strain in relation
to plasma prolactin (logarithmic transformation, mU - ).
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Table 3. Standardized linear multiple regression coefficients for significant factors. (— = nonsignificant factors)

Rest Leisure time Work

Systolic Diastolic Systolic Diastolic Systolic Diastolic
blood blood blood blood blood blood

pressure pressure pressure pressure pressure pressure

(N=37) (N=37) (N=32) (N=32) (N=41) (N =41)
Age 0.36 — 0.54 0.64 0.38 0.39
Body mass index 0.38 0.35 0.43 — 0.49 0.39
Job strain 0.35 — — —_ 0.45 0.47
Percent happy -0.36 — —-0.36 —0.41 -0.47 -0.34

Table 4. Standardized regression coefficients of the multiple
regression using systolic and diastolic blood pressure during
workhours as the dependent variables and age, log plasma
prolactin, and plasma cortisol as the explanatory variables.
Only significant (P <0.05) results are presented.

Standardized beta coefficient

Variable Systolic Diastolic
blood blood
pressure pressure
Age 0.42 0.33
Log prolactin 0.25 0.32
Cortisol —-0.24 —-0.34

A multiple linear regression analysis was then per-
formed with each of the six blood pressure measures
as dependent variables and the following explanatory
variables in each of these equations: age, family
history of hypertension, body mass index, education,
job strain, positive factors, percent happy, and per-
cent worried. The factors which were significant in
any of these analyses are presented in table 3. Due
to the fact that some subjects were lost in some mea-
surements, the numbers are smaller than in the full
sample.

In the analyses of blood pressure during workhours
the analyzed sample of 41 women corresponded to
66% of the total sample invited to participate. The
standardized regression coefficient between job strain
and diastolic blood pressure during rest was 0.34,
which was the only nonsignificant coefficient that
was close to statistical significance (P = 0.08)

The magnitude of the regressions was also estimat-
ed by means of nonstandardized regression coeffi-
cients, with their 95% confidence intervals (95% CI).
The nonstandardized regression coefficients for job
strain in relation to systolic and diastolic blood pres-
sure during work was 12.8 (95% CI -4.2—29.8) and
13.9 (95% CI 0.8—27.0), respectively, in the single
regression analysis (N = 50 for both systolic and di-
astolic blood pressure). In the corresponding multi-
ple regressions the nonstandardized regression coef-
ficients were 29.2 (95% CI 10.7—47.6) and 24.6
(95% CI 7.6—41.1), respectively.

To estimate the importance of the endocrine vari-
ables in relation to blood pressure during work, a
multiple regression analysis was also performed
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using age and log plasma prolactin, plasma cortisol,
and DHEA in serum as the explanatory variables. Ta-
ble 4 shows the results of this analysis.

Since standardized beta coefficients have been crit-
icized, we also calculated the percentage of possi-
ble change in systolic and diastolic blood pressure
due to various explanatory factors. These percentages
were based upon the nonstandardized multiple re-
gression coefficients. The difference in blood pres-
sure corresponding respectively to the minimum and
maximum age, body mass index, job strain score, and
percent happy was calculated. These differences were
divided by the mean systolic and diastolic blood pres-
sure. The percentages obtained for systolic blood
pressure during work were 19 (age), 23 (body mass
index), 22 (strain), and 17 (percent happy). For di-
astolic blood pressure during work the correspond-
ing percentages were 24 (age), 32 (body mass index),
28 (strain), and 14 (percent happy). For systolic
blood pressure during rest the numbers were
19 (age), 20 (body mass index), 21 (strain), and 14
(percent happy). The contribution of job strain to di-
astolic blood pressure during rest was not significant.
(See the preceding results.) In this analysis body
mass index, closely followed by job strain, was the
most important determinant of systolic and diastol-
ic blood pressure during work and of systolic blood
pressure during rest.

The analysis showed that high prolactin levels
were associated with high systolic and diastolic blood
pressure. Low cortisol levels were associated with
high blood pressure as well. Plasma cortisol was not
significantly associated with job strain.

Discussion

These results indicate that there are strong relation-
ships between job strain and blood pressure during
work done by female health care personnel. The most
consistent relationships were found for diastolic
blood pressure during work.

Mood was used as a potential confounder in the
multiple regression analyses of job strain and blood
pressure, since it could be argued that the reason for
a relationship between job strain and blood pressure
during work is that a bad or good mood could influ-



ence the way in which the job situation is being de-
scribed and that the important factor could be mood
independently of any objective work conditions. In
this case there was no relationship between mood and
reported job strain, and the introduction of the mood
variables into the equations did not change the rela-
tionship between job strain and blood pressure. In-
terestingly, the relationship between job strain and
diastolic blood pressure during work was consider-
ably strengthened after adjustment for body mass in-
dex. The participants who had a higher body mass
index experienced lower levels of job strain.

It should be noted that there were premenopausal,
as well as menopausal and postmenopausal, women
in the study sample. There was no relationship what-
soever, however, between age and plasma prolactin,
neither linear nor curvilinear.

The participants were in good health. Only two
subjects had (asymptomatic and previously undiag-
nosed) diastolic blood pressure equal to or above
90 mm Hg (11.97 kPa) during rest, and neither of
these subjects were on medication. In addition the
body mass index was generally low. The attrition rate
was acceptable. The sample studied may not be ful-
ly representative of health care personnel, but its
members did have widely different work tasks. The
acute emergency personnel were typically exposed
to many dramatic situations requiring quick and de-
termined actions, whereas the other groups studied
had closer contact with chronic suffering among chil-
dren and their families. Other groups of health care
personnel, for instance, those in geriatric care, are
exposed to more physical demands. It appears that
the studied groups faced primarily psychosocial work
strain. Therefore they could be appropriate for the
study of the relationships between physiological fac-
tors and the psychosocial work environment. Health
care workers in hospitals are, in general, aware of
their own health, and they seem to be better able than
subjects in other occupations to analyze their own
job situation. Underreporting may therefore be a
smaller problem in this group than in many other
groups that have been studied, for instance, male bus
drivers (6).

The magnitude of the observed relationships be-
tween job strain and blood pressure could be illus-
trated by the fact that an increase in job strain of
0.15, which corresponds to an increase of 3.7 mm
Hg (0.49 kPa) in diastolic blood pressure during
work in the multiple regression analysis, is the equiv-
alent of the job strain difference between female phy-
sicians (low) and waitresses (high) in a previous
study (15). The individual variation in job strain was
considerable, and it was observed that, in the multi-
ple regression, job strain was of greater relative im-
portance to diastolic blood pressure during work than
age, body mass index, family history, and emotional
state during the day of measurement.

It should be no surprise that job strain was more
relevant to blood pressure during work than during
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leisure time. It is of interest, however, that signifi-
cant, albeit weaker, relationships were found between
blood pressure during rest and job strain. These find-
ings are in general agreement with those of our pre-
vious study of ambulatory blood pressure recordings
in relation to job strain (5). A general finding in both
of our studies (5), as well as that of Schnall et al (3),
was that neither psychological demands nor decision
latitude alone explained blood pressure level. Instead,
it was the ratio between high demands and low de-
cision latitude that was important.

Although the psychophysiological findings of the
present study are difficult to interpret due to the
cross-sectional nature of the study, the finding of
consistent relationships between job strain and plas-
ma prolactin, as well as between plasma prolactin
and blood pressure, merits attention. It is possible
that plasma prolactin could mirror one physiologi-
cal pathway between job strain and blood pressure.
An interpretation of these findings is that these
women feel overburdened. Feelings of disaster po-
tential in crisis situations may be associated with ele-
vated prolactin levels (11). For instance, it has been
shown that subway drivers who are exposed to “per-
son under train” episodes develop sleep disturbanc-
es and elevated prolactin levels for some weeks af-
ter the episode (19). It is possible that health person-
nel who are exposed to many such emotionally trying
episodes in their work may react in the same way.

The finding that serum DHEA was lower in sub-
jects with elevated blood pressure during leisure time
is in agreement with the findings of previous research
(12).

In conclusion, the findings of the present study
support the hypothesis that job strain is associated
with blood pressure elevation during work and pos-
sibly also during rest. The sample studied was ho-
mogeneous with regard to gender and occupational
branch, showed a wide job strain variation, could be
expected to describe job situations accurately, and
included no subjects who have become “hyperten-
sive patients.” Adjustment for the potential con-
founders age, mood, family history, body mass in-
dex, and educational level increased the strength of
the association. The results support the assumption
that plasma prolactin may mirror a physiological
pathway between job strain and blood pressure.
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