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Changes in job strain in relation to changes
in physiological state
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Peter Eneroth, MD, PhD 2
THEORELL T, PERSKI A, AKERSTEDT T, SIGALA F, AHLBERG-HULTEN G, SVENSSON J,
ENEROTH P. Changes in job strain in relation to changes in physiologicalstate: A longitudinal study.
Scand J Work Environ Health 14 (1988) 189-196. A sample of 73 men and women aged 22-63 years
and working in six different occupations (air traffic controllers, waiters, physicians, symphony orchestra
musicians, baggagehandlers, and airplane mechanics)participated in a longitudinal study four times during a year. The spontaneous variations in job strain (determined as the self-reported ratio between
psychologicaldemands and decision latitude) were substantial. The average difference between the occasion with the highest level of strain and the occasion with the lowest level was 25 Ofo of the total mean.
Systolic blood pressureduring workhours, as well as self-reported sleepdisturbance,increased whendemands
increased in relation to decision latitude. Among men with a depressive tendency (according to a diary)
morning plasma prolactin levels increased markedly with increasing job strain. Among subjects with a
positive family history of hypertension the increase in systolic blood pressure at work was particularly
pronounced, and among the men in this group a lower than expected levelof morning cortisol was found
measured during the period with the highest level of strain.
Key words.' blood pressure, cortisol, depression, heredity, occupation, prolactin, psychological stress, work.

Job situations described as psychologically demanding
and at the same time with few possibilities for the
workers to influence decisions and/or to find intellectual discretion have been described as "strained." Persons in such jobs have been shown to have an elevated
risk of having (cro ss-sectional) or developing (prospective) cardiovascular illnes s (3, 4 , 10, 13, 16, 18). In a
theoretical paper we attempted to formulate a hypothesis explaining this association (14). Some of the
association may be due to health habits - such as
smo king , eating and drinking habits - which may be
adversely influenced by a boring life situation in
general. But some of the association may also be due
to direct effects .o f the job strain On physiological
variables. In the present paper we have focused on the
second possibility.
Our previously formulated hypothesis regarding the
physiological consequences of job strain implies that
strain acti vates the sympathoadreno medullary system,
as well as the hypophyseoadrenocortical system .
Previous studies have related measures of job strain
at one point in time to illness outcome at the same time
or some time in the future. In the present study we have
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studied spontaneous fluctuations in job strain on four
occasions during a year in a group of working men
and women. Then we have related these changes to
changes in physiological parameters. Individual
associations between job strain and physiology have
then been statistically summarized at the group level.
Thus, in the present study, the objective was to explore
associations between changes in job strain on one hand
and changes in physiological states on the other.

Subjects and methods

Subjects
The present study was part of a larger investigation
aimed at exploring cardiovascular risk factors in contrasting occupations. A stratified sample of men and
women in six different occupations (symphony orchestra musicians, air traffic COntrollers , physicians,
baggage handlers, waiters, and airplane mechanics) was
recruited, altogether 327 persons. For the purpose of
the present study only those subjects were included who
had completed questionnaires four times during the
study. In order to exclude systematic effects of seasonal
variations, we recruited the subjects in three different
groups with an equal number in each. In all, 73 subjects (22 010 of the total sample) filled the requirement
of having completed four questionnaires. Table 1
shows the sex distribution of the subjects by occupation.
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Table 1. Number of men and women in the different occupational groups.
Occupation

Men

Symphony orchestra mus icians
Air traffic controllers
Physicians
Baggage handlers
Waiters
Airplane mechanics

Women

8

3
5

11

10
7
3
12

7
7

The men had a mean age of 41.4 (SD 10.0, range
26-60) years, and the age of the women averaged 36.6
(SD 9.6, range 22-63) years. The age distribution was
similar in the different occupational groups with the
exception of that of the air traffic controllers, who had
a slightly lower mean age than other groups since no
air traffic controllers older than 52 could be sampled.
The musicians were recruited from the Swedish
Radio Symphony Orchestra, which is a highly professional orchestra with an international reputation. This
orchestra has to play many pieces of extremely difficult
contemporary music that demand a high degree of attention. The physicians were recruited from a group
of clinically active physicians from a suburban area
with both rural and metropolitan sections. The air traffic controllers, baggage handlers, and airplane
mechanics were recruited from the Stockholm Arlanda airport, which serves both international and
domestic traffic. By European standards the Arlanda
airport is relatively large. The waiters were recruited
from three different locations in Stockholm and
represented widely different kinds of restaurants.

Questionnaires
Job strain was measured by means of a self-administered questionnaire, a Swedish modification of the
questionnaire introduced by Karasek and based upon
a factor analysis of the American Quality of Employment Survey in 1977(12). The version used in this study
had four response alternatives for each item, and each
item was given a grade of one to four. The items were
not weighted. The demand dimension was computed
from five items, and the decision latitude dimensions,
a summation of skill discretion and authority over decisions, from six items . Job strain was computed by
means of dividing the demand scores by those for decision latitude. For each subject the results of the ques-

tionnaires on the four different occasions were used
to determine the degree of job strain on the occasion
in question. Table 2 shows the mean job strain scores
for the four occasions. There was no difference between the men and women with regard to reported job
strain. The average change in the job strain ratio from
the worst to the best occasion was 0.23 with a standard deviation of 0.016 and a range of 0.05 to 0.83.
The highest levels were recorded for the waiters, who
claimed the highest demand levels and also occupied
a low position on the decision latitude scale. The next
highest levels were determined for the baggage handlers, who reported a very low levelof intellectual skill.
The third highest position was held by the air traffic
controllers, who claimed relatively high demands and
a relatively poor authority over decisions. The most
dramatic differences were found in the groups with the
highest average scores - waiters and baggage handlers.

Variables
The sleep disturbance index was derived from a questionnaire introduced by Akerstedt (1, 2). It has questions dealing with difficulties in falling asleep , difficulties in staying asleep, and feelings of tiredness. Each
item was scored from zero to three.and the items were
added for the total score. In this sample the total scores
ranged from 0 to 23. The standard error of the mean
varied from 0.59 to 0.65. The distribution was close
to normal.

Adrenocortical (cortisol) and hypophyseal
(prolactin) responses
Blood was drawn in the morning before the workday
started for the determination of the adrenocortical and
hypophyseal responses. For the waiters it was difficult
to keep the time of the blood sampling constant. For
the other groups the blood sampling varied by no more
than 1 h on the blood sampling occasions for one and
the same individual. The average sampling hour of all
the groups but the waiters was comparable. Three of
the waiters had their blood samples taken in the middle
of the day, and in these cases the difference in sampling time between the occasions was larger than for
the other workers. Due to the known circadian variation of cortisol (23) these differences may have introduced a random error for this group. No systematic

Table 2. Average job strain scores of the six occupational groups on the occas ions when the questionnaires were filled out,
the occasions being classified according to their degree of st rain.
Job strain scores
Degree of strain

Symphony
orchestra
mus icians

(N=ll)
Highest
Next highest
Next lowest
Lowest
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0.96
0.85
0.82
0.74

Air traffic
co ntrollers

(N=16)
0.98
0.89
0.83
0.76

Physicians
(N=17)

Baggage
handlers
(N =7)

Waiters
(N=10)

me chan ics

0.86
0.80
0.73
0.68

1.04
0.92
0.85
0.77

1.10
0.93
0.84
0.73

0.81
0.74
0.68
0.61

Airplane
(N =12)

bias, however, has been introduced for the waiters with
regard to variations between occasions, but, since the
avera ge sampling time was somewhat later than in the
other groups, the mean cortisol level of the waiters may
have been somewhat underestimated .
Blood was drawn from the subject without previou s
rest in the supine position. Registered nurses performed
all the blood sampling, which took place at the work
site or in close vicinity to it before work started in the
morning.
The plasma cortisol and plasma prolactin concentrations were determined by means of methods of the
Diagno stic Products Corporation, Los Angeles,
California (cortisol NO predilution 1251 double anti body radioimmunoassay and double antibody prol actin - NHS, respectively).

Adrenomedullary responses
Blood pressure was measured by the subjects
themselves by means of self-triggered equipment, Cardiocare 2000. The agreement with conventional blood
pressure measurement performed on the same occasion by trained personnel had proved to be excellent
for systolic blood pressure - interrater reliability coefficient 0.95 for patients at a hypertension clinic and
0.85 for a sample of healthy subjects unaccustomed
to blood pressure measurements. The corresponding
coefficients for diastolic blood pressure were not quite
as good , ie, 0.79 and 0.73, respectively . Blood pressure was measured without the subjects' having rested and with them in the sitting position. The instruments were calibrated at regular interval s. On each
measurement occasion a conventional measurement
was per formed at the start of the workday in ord er
to detect technical problems in the equipment. The subjects were instructed to measure their blood pressure
as close to once an hour as possible. Average blood
pressure was computed for the work period and for
a period of leisure time. At least three measurements
were required for the computation of average blood
pressure at work or during leisure time . On the average seven measurements at work and six measurements
during leisure time constituted the individual mean s
presented . There was no difference in the average number of recording s per individual between the four occasions.
It is important to emphasize that the reported job
strain did not show any variation in relation to the first
to fourth measurement and also no seasonal variation.
Thus the first to fourth measurements were randomly
distributed acros s the job strain ratio.
Modifying factors
Family history of hyperten sion was hypothe sized to
influence both the level of blood pressure and the blood
pressure reactions to job strain. One question was
used, namely, "Has anyone in your family (parent or
siblings) had high blood pressure before the age of

60?" Subjects who responded to this question with
"yes" were operationally defined as having a positive
family history of hypertension. Depre ssive tendency
was explored by means of a diary which the subjects
filled out every time they measured their blood
pressure. Subjects who reported feeling rather or very
sad or depressed at least once were operationally defined as having a depressive tendency.

Statistical methods
For each dependent variable an analysis of variance
was performed for repeated observations. Furthermore
a two-tailed paired t-test was used to determine whether
the difference between the occasion with the highest
and the lowest strain was significant. The results of
the tot al sample, the men onl y, tho se with a positive
family history of hypertension, and those with a
depre ssive tendency were subjected to these tests. Unpaired two-tailed t-tests were used to determine
whether , on the occasion with the most strain, those
with a family history of hypertension and tho se with
a depressive tendenc y differed significantly from the
other subjects with regard to the dependent variables.
The results of the total sample , those of the men only,
those of persons with a depressive tendency. and those
of persons with a positi ve family history of hypertension were also analyzed with these tests. For all the
dependent variables a two-way analysis of variance was
used to test the interaction between job strain and
family histor y of hypertension and depressive tendency. This test was also applied to the results of the total
sample, those of the men only , those of the persons
with a positive family history of hypertension , and
those of the persons with a depressive tendency. Finally, we used the two-way analysis of variance to test
the interaction between occupation and job strain for
each of the dependent variables for the total sample
only.
The statistical tests for the two endocrinological
variables were performed only for the men. The results
were subjected to a logarithmic transformation since
the distributions of both variables were markedly
skewed.
Stepwise regression anal yses were used to explore
factor s of relevance for physiological change (from
least to worst strain).
Results

Sleep disturbance
Table 3 shows the average scores of sleep disturbance
on the four assessment occasions.
The statistical analyses showed increasin g sleep
disturbance from the lowest to the highest degree of
job strain of the total group (P = 0.03, anal ysis of
variance). The difference between the average sleep
disturbance scores on the most and least strainful occasions was highly significant for the total group (P =
191

Table 3. Aver age scores of s lee p distu rb an ce in rel ation t o t he
d eg ree o f strain o n the fo ur assess ment o cc as io ns .
Sleep dist urbance scores
Degree of
strain

Total
sample
(N =7 1)

Highest
Next
highest
Next
lowest
Lowest

Men
only
(N =50)

Pe rsons with a

Persons

positive family
history of
hypertension
(N = 20)

with a
depressive
tendency
(N =2 0)

11.6

11.7

11.0

13.6

11.0

10.2

10.8

13.9

11.0
10.4

10.5
9.9

10.5
9.6

13.1
13.1

Table 4. A verage plas ma co rtisol con centration in re lati o n to
t he degree o f jo b strain on t he fo u r ass essment o ccasions
(men only). Statistics have been based upon log (n) concen trations . The means presented in the table were subsequen tly
d erived from an itlog (n) com p utation s .
Plasma cort isol (mmolfl)
Men with a positive

Men with a

All men
(N= 50)

famil y history of
hypertension
(N =1 5)

depre ssive

437
451
469
420

369
408
437
400

404
416
420
408

Degree of
strain

Highest
Next highest
Next lowest
Lowest

tendency
(N =9)

Table 5. Ave rage plasma pro lact in c oncent ra tion i n relat io n
to t he degree o f jo b strain on t he fou r asses sm ent o cc as io ns
(me n onl y). St atistics have bee n ba sed upon log (n) c on cent ra t ions. The means p resented in the ta ble w ere s ubsequ en tly
d er ived fro m ani tl og (n) comput at ions.
Plasma prolactin (ngll)
Degree of
strain

All men
(N = 46)

Men with a positive
family history of
hypertension
(N = 15)

Men with a
depressive
tendency
(N= 8)

4.30
3.25
3.52
3.52

3.66
3.49
3.96
4.99

6.34
2.69
2.20
1.89

Highest
Next highest
Next lowest
Lowest

Table 6. Aver age sy st olic blood pressure (mm Hg a) at w ork in
rel at ion to t he degree of job strai n on th e f o u r assessm ent occ asions .
Systolic blood pressure (mm Hg·)
Degree of
strain

1 mm
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Persons

with a
depressive
tendency
(N = 14)

Total
sample
(N =58 )

Men
only
(N =40 )

positive family
history of
hypertension
(N= 18)

129

133

132

130

Highest
Next
hi ghest
Next
lowest
Lowest
a

Persons with a

Hg ~ 0 .13

126

130

130

125

126
125

131
129

127
126

124
125

kPa.

0.001, paired two-t ailed t-test) and significant for the
group with a positive fam ily history of hypert ension
(P = 0.03). Among those with a posit ive family history
of hypertension there was a significant two-way interac tion between depressive tendency and job stra in
(P = 0.02, two-way analysis of variance). Among those
without a depressive tend ency there was a significant
increase in the sleep disturbance scores with increasing job strai n. Tho se with a depr essive tendency tended to have high scores regardless of the degree of job
strain.

En docrinologic changes
Ta ble 4 shows the mean concentrations of plasma cortisol on th e four assessment occasions. Neither all of
the men together nor their subgroups showed any
changes in the average concentrat ion with increasin g
job strain. Men with a positiv e family history of
hypertension (N = 15) had a significantly lower con centration than the oth er men (N = 35) on the occasion with the highest degree of job strain (P = 0.04, unpair ed two-ta iled t-test).
Table 5 shows the average concentrations of pr olactin on the four assessment occasions. Th e numbers
of subjects in the table differ from those in table 4
because the cor tisol assays were made before the prolactin assays. Occasion ally the blood samples were too
small or lost. Since all four anal yses were requir ed for
inclusion in the present analysis, several subjects were
lost.
The on ly analysis that was stat istically signi ficant
in the case of pr olactin was the two-way interaction
between job strai n and depressive tend ency for the
total sample (P = 0.05, two-way ana lysis of variance).
Another indication of the same tendency was the finding that the eight men with a depressive tendency had
a much more pronoun ced average difference in the
prolactin concentra tion between the occasion with the
highest and the lowest job strain score than the other
subjects (P =0.03, unp aired two-tailed t-test). Thus,
while the group with a depressive tendency did not differ from the oth ers with regard to the average level
of prolactin plasma , it had a much larger fluctua tion
in prola ctin level, and this fluctuation was clear ly
associated with job strai n - lower tha n the average
level when job stra in was low and higher than the
average level when job stra in was high.
Blood pressure
Table 6 shows the mean systolic blood press ure during work hours on the fou r assessment occasions. The
systo lic blood pressure increased with increasing job
strain in the tot al group (P = 0.02, one-way an alysis
varia nce). The differences between the occas ion with
the highest and lowest degree of jo b strain were significant for the total sample (P = 0.03), the men (P = 0.05),
and the subjects with a positi ve family history of
hypert ension (P = 0.02). The diastolic blood pressur e

at work, as well as the systolic and diastolic blood
pressure during leisure time, showed no relationship
to job strain in this longitudinal study.
For systolic blood pressure during workhours, finally, a linear regression was calculated for each subject
with each of the following variables as independent
variables: the demand/decision latitude ratio, demand,
and decision latitude. Systolic blood pressure at work
constituted the dependent variable in these analyses.
For each subject a regression coefficient was computed
which showed the degree of change in the systolic blood
pressure for each unit of change in the dependent
variable. For all the three pairs of variables, a mean
regression coefficient and the standard error of the
mean were calculated. Finally, whether this mean was
significantly different from zero was determined, and ,
on the average , there was no significant relationship.
The analyses of linear regression showed that a
change in one average standard deviation of the job
strain ratio corresponded to a change of 2 mm Hg (0.27
kPa) in systolic blood pressure during the work hours
(P = 0.03). The effect of demand as a single factor was
more significant (P = 0.01) than the effect of decision
latitude as a single factor (not significant) although the
effect of both were in the expected direction - the
more the increase in demand and the more the decrease
in decision latitude, the higher the blood pressure.

Multiple predictors of physiological change
A stepwise multiple regression analysis using family
history of hypertension, age, depressive tendency, difference (highest /lowest) in job strain, and change
(highest/lowest) in sleep disturbance as explaining
variables and change (highest/lowest) in the cortisol
concentration as the dependent variable revealed that
change in sleep disturbance was the only variable that
had any statistically significant explanatory power. The
less the increase in sleep disturbance, the greater the
increase in morning plasma cortisol. The percentage
of explained variance was 11. The corresponding
analysis for prolactin showed that depressive tendency and a positive family history of hypertension were
the only factors that had any statistically significant
importance as independent variables. The explained
variance was 8 070 for depressive tendency and 9 % for
family history of hypertension. Men with a depressive
tendency and a lack of family history of hypertension
had greater differences in their prolactin concentration than the other men did.
The corresponding analyses using the same explanatory variables but systolic and diastolic blood
pressure as dependent variables showed that a positive
family history of hypertension was the only variable
that independently predicted blood pressure change .
Occupation
A two-way analysis of variance for the interaction between occupation and job strain was performed for

the two questionnaire outcome measures and for the
three physiological outcome variables. For systolic
blood pressure at work a significant interaction between occupation and job strain was observed (P = 0.01
for the total sample and P = 0.05 for the men only,
two-way analysis of variance). The waiters had a much
greater increase in blood pressure with increasing job
strain than the other groups did. The mean systolic
blood pressure at work for the waiters on the occasion with the lowest degree of job strain was 120.1 mm
Hg (16.01 kPa), whereas on the occasion with the
highest degree of job strain the corresponding mean
was 131.6 mm Hg (17.55 kPa). Blood pressure was the
only outcome variable that showed a statistically
significant interaction between job strain and occupation . Prolactin was the only outcome variable that
showed a statistically significant difference between the
occupational groups (main effect for occupation in the
two-way analysis of variance P = 0.0004). This analysis, as well as the corresponding one for plasma cortisol, was made only for the men. The physicians had
the lowest average concentration, and the waiters and
mechanic s had the highest. We found no differences
with regard to the cortisol concentrations of the occupational groups.
However, an analysi s based on the same study but
utilizing all male participants in the study, even those
who participated only one, two, or three times, showed
a statistically significant difference between the occupational groups (P = 0.001, one-way analysis of variance).
In this case the male physicians had the highest cortisollevels (25). Thus the physicians in the present study
tended to have high cortisol and low prolactin levels.

Discussion

The study has been based upon a relatively small sample and needs to be replicated in larger groups . A large
number of statistical tests have been performed for the
subgroups, and there is a risk that some of the associations may have occurred by chance. Nevertheless many
of the results follow biological patterns that have been
described previously.
As far as we know, this is the first study that has
analyzed the physiological effects of job strain systematically with a longitudinal perspective according
to the terminology suggested by Karasek (12). We
have utilized the spontaneous fluctuations that may
occur in job strain during the course of a year. The
job strain ratio (demand divided by latitude) was calculated from a slight modification of the original questionnaire that was based upon a factor analysis of the
Quality of Employment Survey in the United States
in 1977. The ratio did not depend on season and did
not change systematically from the first to the second
or from the second to the third or from the third to
the fourth measurement. 11 showed considerable variation over the course of a year, and thus a study of the
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physiological effects of these changes was considered
appropriate. The questionnaire for measuring sleep
disturbance has been used in several previous studies.
Self-triggered measurement of blood pressure has been
considered sufficiently accurate - at least the systolic
one - and has been judged as more interesting than
blood pressure at rest as a physiological indicator of
strain. Cortisol has been widely recognized as one of
the most sensitive indicators of distressed feelings in
situations which require adaptation (20). According to
Henry et al (9), defeat and loss of control are central
components in cortisol responses to a threat. Cortisol
and the corticosteroids in general are assumed to be
of importance in the pathogenesis of hypertension (29).
Prolactin is less established as a stress hormone, but
we know from previous research that it may be either
elevated or depressed in stressful situations, and it has
been shown to be very sensitiveto fluctuations in mood
(19). In a previous study by our group, we were able
to show that a program which activated an early grief
process in relatives of cancer patients induced marked
elevations in plasma cortisol during the terminal phase
of the illness. During earlier phases the activation program was associated with a tendency towards decreased
prolactin levels. After the death of the patients the
relatives reported less mental exhaustion and less sleep
disturbance than a group of relatives of cancer patients
selected in the same way but not exposed to the activating program (7).
The two modifying factors tendency to become
depressed and family history of hypertension have been
extensively studied in the literature. A tendency to
become depressed has been associated with a number
of psychosomatic diseases, including cancer. In the present study a somewhat unusual method was used,
namely, diaries. It has been stated that diaries give an
immediate and closer picture of mood than other kinds
of questionnaires (17). A family history of hypertension is considered to be one of the major risk factors
for hypertension (5). Hypertensive subjects may have
a tendency to underreport symptoms, as has been
pointed out by Tibblin et al (28). They also may have
alexithymic tendencies which could result in a major
disturbance in reporting both symptoms and environmental conditions (27). A recent study has shown
that subjects with a positive family history of hypertension but without hypertension are more alexithymic
and they react with more blood pressure elevation to
stressors than other persons (II) . In the present study
it was hypothesized that subjects with a positive family
history of hypertension would have a tendency to
underreport subjective symptoms.
The group studied in our investigation could not be
said to be representative of the working population
in Sweden . The dropout frequency was considerable,
and only groups offering various kinds of services were
included. However, a substantial variation between the
studied groups was found with regard to job strain .
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Since the conclusions in the study are based upon
longitudinal observations, there is no a priori reason
to believe that any important bias would have arisen
due to the dropout rate. It could be, however, since
the dropout frequency was greater in the groups
belonging to lower socioeconomic strata and since the
association between change in job strain and blood
pressure change was stronger in these groups, that an
underestimation of the strength of the association may
have occurred.
Of the studied subjects, two men (one symphony orchestra musician and one air traffic controller) were
on moderate doses of betablocking medication, and
one baggage handler and one female waiter were on
small doses of diuretics. No other medication relevant
to blood pressure regulation or the studied hormones
was taken by the participants. All medication was kept
on a constant level during the study period. Therefore
medication is unlikely to explain any of the findings.
No significant changes in smoking habits or in the
blood concentration of the liver enzyme gamma
glutamyl transferase (whose elevation may be an indicator of excessive alcohol consumption) were observed. Thus changes in tobacco and alcohol consumption are also not likely to explain the findings.
The findings may be summarized in the following
way: When demands increased in relation to decision
latitude, there were marked changes in sleep disturbance and in systolic blood pressure during the
workhours . There was no change in the plasma cortisol or prolactin levels, but among those who reported
a depressive tendency the prolactin levelsshowed wide
fluctuations ranging from low levels when the job
strain levels were low to high levels when the job strain
levels were high. These findings are consistent with our
hypotheses and with findings in cross-sectional studies.
Thus Karasek, in a Swedish population study (12),
found that feelings of exhaustion were much more
common among workers who reported high demands
and low decision latitude than among other workers.
Johnson (in an unpublished report to the Swedish
Work Environment Fund in 1985) and Nyren (22)
have shown that functional gastrointestinal symptoms
are associated with job strain. Our own group has
previously shown that systolic blood pressure during
workhours is higher among those 28-year-old men who
had had high blood pressure at the age of 18 years and
who then worked in occupations with strain than in
other 28-year-old men (26). That finding is consistent
with the observation in the present stud y that most of
the blood pressure change was accounted for by those
who had a positive family histor y of hypertension.
Pieper et al (paper under preparation) found that, in
several population studies in the United States, systolic
blood pressure measured in the conventional way was
higher in occupations with strain than in other occupations even when several potential confounders had been
taken into account. The findings regarding prolactin
are not directly comparable to those of other studies,

but they are consistent with the observation that prolactin ha s a role in conditions of stress a nd depression ,
particularly in situations characterized by disturbances
in social interaction. Of course these findings were
based on the results of the male participants only, and
therefore they cannot be generalized to women. Ely
(6) showed that animals which go through a social crisis
situation have different prolactin responses depending
on whether they become defeated or dominate.
"Dominants" show low prolactin levels while " subdominant " and "defeated" animals respond with
marked elevations of prolactin levels . Despite the fact
that such findings are not directly applicable to
humans , they do make our findings of wide plasma
prolactin variations in the subgroup with a "depressive
tendency" biologically plausible.
According to the theory formulated by Henry &
Stephens (8), Lundberg & Frankenhaeuser (20), and
Karasek et al (14), cortisol levels should have increased
when demands successively increased in relation to
decision latitude. In this study there was no such increase in the morning cortisol levels . The levels in the
men with a positive family history of hypertension even
turned out to be lower than expected during the worst
period of job strain. This occurrence could be a sign
of a masked depression inducing a disturbed circadian
pattern with low levels in the morning (but possibly
also high levels during later hours in the da y). Studies
of circadian variations would be needed in order to
elucidate this point (24). This explanation seems unlike ly, however, since the group with a positive family
history of hypertension tended to report less sleep
disturbance than the other workers. Another po ssible
explanation could be that the subjects in the group with
a positive family history of hypertension were simply
not aware of an y distressing responses in themselves
- they may have felt less " defeated " than the other
workers. It is interesting to note that, in the present
study, the physicians tended to have high morning
plasma cortisollevcls. This phenomenon may indicate
that physicians encounter many emotionally upsetting
situations which could threaten their possibilities to
control. Of considerable interest was the observation
that those who had had the most increase in cortisol
levels during the worst period of job strain were the
ones who had the least change in sleep disturbance and
no family history of hypertension . This result may be
consistent with our observation in the study of relatives
of cancer patients; according to that study relatives in
a group receiving active attention that star ted an earl y
grief pro cess had marked elevations o f plasma cortisol
during the illness but also decreased sleep disturbances
after the death of the patients. Thus marked cortisol
responses in a stressful situation ma y be beneficial from
some points of view.
Depressive tendency was associated with markedly
increased reports of sleep disturbance. A positive family history of hypertension showed so me tendency to
be associated with decreased sleep disturbance. Both

of these observations are consistent with our hypotheses. Furthermore, the effects of job strain were different in different groups of the population . Most of
the effect on blood pressure was accounted for by those
who had a positive family history of hypertension, and
in the group with a depressive tendency sleep disturbance was unaffected by job strain - in this group
the level of reported sleep disturbance was always high .
Furthermore, it was only in the groups of men with
a depressive tendency and without a family history of
hypertension that an association between plasma prolactin and job strain was observed.

Acknowledgments
This work was financially supported by the Swedish
Work Environment Fund.
The authors gratefully acknowledge valuable comments on the manuscript by IP Henry of Lorna Linda.

References
I. AkcrsredtT, Gillberg M. Experimentally displaced sleep:
Effect on sleepiness. Electroencephalogr Clin Neurophysiol 54 (1982) 220-226.
2. Akerstedt T, Torsvall L, Gillberg M. Sleepiness and shift
work: Field studies. Sleep 5 (1982) 95-106 .
3. Alfredsson L, Karasek RA, Theorell T. Myocardial infarction risk and psychosocial work environment: An
analysis of the male Swedish workingforce. Soc Sci Med
16 (1982) 463-467 .

4. Alfredsson L, Spetz C-L, Theorell T. Type of occupation and near-future hospitalization for myocardial infarction and some other diagnoses. Int J Epidemiol 14
(1985) 378.

5. Doyle AE, Fraser E Jr. Essential hypertension and inheritance of vascular reactivity. Lancet 2 (1961) 509511.
6.

Ely DL. Hypertension, social rank and aortic arteriosclerosis in CBA/J mice. Physiol Behav 26 (1981) 655661.

7. Haggrnark C, Theorell T, Eneroth P. Psycho-endocrinological reactions in female relatives of cancer
patients: Effectsof an activation programme. Acta Oncol 26 (1987) 419-424.
8. Henry JP, Stephens PM. Stress, health and the social
environment: A sociobiologic approach to medicine.
Springer, New York, NY 1977.
9. Henry JP, Stephens PM, Ely DL. Psychosocial hypertension and the defence and defeat reactions. J Hypertension 4 (1986) 687-697.
10. Johnson JV. The impact of workplace social job demands and work control upon cardiovasculardisease in
Sweden. Department of Psychology, University of
Stockholm, Stockholm 1986. (Report no I).
II . Jorgensen RS, Houston BK. Family history of hypertension, personality patterns and cardiovascular reactivity to stress. Psychosom Med 48 (1986) 102-117.
12. Karasek RA. Job demands, job decision latitude and
mental strain: Implications for job redesign. Am Sci Q
24 (1979) 285-308 .
13. Karasek RA, Baker D, Ahlborn A, Marxer F, Theorell

T. Job decision latitude, job demands and cardiovascular disease: A prospectivestudy of Swedish men. Am
J Public Health 71 (1981) 694-705 .
14. Karasek RA, RussellS, TheorellT. Physiology of stress
and regeneration in job-related cardiovascular illness.
195

J Hum Stress 8 (1982) 29-42.
15. Karasek RA, Theorell T, Schwartz J, Pieper C, Alfredsson L. Job, psychological factors and coronary heart
disease. Adv Cardiol 29 (1982) 62-67.
16. Karasek RA, Theorell T, Schwartz J, Schnall P, Pieper
C, Michela J. Job characteristics in relation to the prevalence of myocardial infarction in the US HES and
HANES. Am J Publ Health (in press).
17. Kjellberg A, Bohlin G. Self-reported arousal: Further
development of a multifactorial inventory. Scand J Psychol 15 (1974) 285-292.
18. La Croix AZ. Occupational exposure to high demand/low control work and coronary heart disease: Incidence in the Framingham cohort. University Microfilms International, Ann Arbor, MI 1985. (Doctoral dissertation 1707).
19. Lagerstrom M. Prolactin - en litteraturoversiks.
[Prolactin - A literature review 1980-1983]. Department of Psychology, University of Stockholm, Stockholm 1984. (Report no 60).
20. Lundberg U, Frankenhaeuser M. Pituitary-adrenal and
sympathetic-adrenal correlates of distress and effort. J
Psychosom Res 24 (1980) 125-230.
21. Mason JW. A review of psychoendocrine research on
the pituitary-adrenal cortisol system. Psychos om Med
30 (1968) 576-607.
22. Nyren O. Non-ulcer dyspepsia. University of Uppsala,
Uppsala (Sweden) 1985. (Doctoral dissertation).
23. Rose MR, Jenkins D, Hurst M, Livingston L, Hall P.
Endocrine activity in air traffic controllers at work. In:

196

24.
25.

26.

27.
28.

29.

Characterization of cortisol and growth hormone levels
during the day. Psychoneuroendocrinology (Oxford) 7
(1982) 101-111.
Sachar EJ, Roffwang HP, Gruen PH, Altman N, Sassin J. Neuroendocrine studies of depressive illness. Pharmacopsychiatry 9 (1976) 11.
Theorell T, Ahlberg-Hulten G, Berggren T, Perski A,
Sigala F, Svensson J, Wallin B-M. Arbetsmiljo, levnadsvanor och risk for hjart karlsjukdom. [Work environment, life style and risk of cardiovascular disease]. National Institute for Psychosocial Factors and Health,
Stockholm 1987. (Stress research reports no 195).
Theorell T, Knox S, Svensson J, Waller D. Blood pressure variations during a working day at age 28: Effects
of different types of work and blood pressure level at
the age of 18. J Hum Stress 11 (1985) 36-41.
Theorell T, Svensson J, Knox S, Waller D, Alvarez M.
Young men with high blood pressure report few recent
life events. J Psychosom Res 30 (1986) 243-249.
Tibblin G, Lindstrom B, Anders S. Complaints in subjects with angina pectoris and hypertension. In: Zanchetti A, ed. Neural and physiological mechanisms in
cardiovascular disease. II Ponte, Milano 1972.
Weiner H. Psychobiology of essential hypertension. Elsevier, New York, NY 1979. (Monographs in psychobiology and disease, volume I).

Received for publication: 30 November 1987

