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Chronic perceived work stress and blood pressure among
Australian government employees

by Annie Chapman, BSW,1 John A Mandryk, PhD,1,2 Michael S Frommer, MB BS, MPH,
FACOM,1,2 Beryl V Edye, MB BS, DOH, FACOM,1 David A Ferguson, AM, MD, FRACP,
FACOM, FFOM1,2

CHAPMAN A, MANDRYK JA, FROMMERMS, EDYEBY,FERGUSON DA. Chronicperceived work
stress and blood pressure among Australian government employees. Scand J Work Environ Health
1990;16:258-69. Prospective data on 2634 Australian government employees over five years were ex­
amined for the effectsof chronic perceived work stresson blood pressurechange. The study sample (2100
men and 534 women) represented 57 % of the original volunteers, or 75 % of those eligibleafter exclu­
sion criteria weremet. Data on perceived stress were obtained by questionnaire, and a principal compo­
nent analysis produced six components: qualitative demands, quantitative demands, job control, future
control, work support, and outside stress. Multiple linear regression, which controlled for determinants
of blood pressure, tested the main effectsand specifictwo-wayinteraction effects of the chronicity scores
of the six components and 30 items. Many items but only some components were associated with blood
pressure change. Sexand age differenceswereobserved. The observedinteractions betweenjob demands
and control providedequivocalsupport for the Karasekjob-strain model. The womenrespondedto work­
based support, but not necessarily as predicted.

Key terms: bloodpressure change,interactions, job control, job demands, principal components, prospective
study, social support.

Although the links between hypertension and occupa­
tional stress remain controversial, there have been
promising developments in this area of research. In
particular, adverse stress is no longer thought to be
synonymous with excessive work load, the focus now
being upon key job characteristics and the ways in
which these may interact.

Research based on Karasek's job-strain model has
been influential. The model postulates that strain
results not from a single aspect of the work environ­
ment, but from the joint effects of the demands of
work (stressors) and environmental moderators of
stress, particularly the range of decision-making free­
dom (control) available to the worker facing these de­
mands (1-3). When demands are high and control is
low, mental strain and an increased risk of cardiovas­
cular disease may arise. Several studies support this
hypothesis (4, 5), while others do not (6, 7).

Social support has been found to moderate the rela­
tionship between environmental stress and psycho­
logical symptoms (8, 9). Men with elevated blood pres­
sure have been found to report poor social networks
more frequently than do normotensive men (10), and
men who are both under strain and isolated may have
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poor cardiovascular disease outcomes (11). LaRocco
et al (9) proposed one possible social support model.

Sex differences in relation to the demand-control hy­
pothesis have been reported (4), but most studies ha ve
been of one sex (2, 12, 13).

Is age important? Klinger has observed some asso­
ciation between hassles or uplifts and current concerns
or commitments (14, 15), and these are variables which
tend to change with age (16).

In addition, little attention has been paid to ana­
lyzing chronic stress. Stress may have to be sustained
if it is to have any impact on chronic disease (16-18).
Results from the few longitudinal studies that have ex­
amined the effects of chronic stress on blood pressure
are inconsistent (5, 19, 20).

This paper presents results on the association of
chronic perceived work stress over five years with
blood pressure change over this period in a normoten­
sive population. In particular, while the study was not
conceived using the Karasek job-strain model (1-3),
the questions of whether the data agree with this model
and with the social support model of LaRocco et al
(9), and whether age and sex differences existed, were
of interest.

Subjects and methods

The analysis was conducted as part of a larger five­
year study of occupational determinants of hyperten­
sion and cardiovascular risk among 4607 Australian
government employees working in Sydney (21). The
subjects enrolied as volunteers between 1977 and 1980
and represented about 40 070 of those eligible to par-



ticipate. The men came from eight diverseoccupational
groups (administrators, professionals, technicians,
clerks, skilled tradesmen, blue-collar workers, tax in­
vestigators, and tax assessors), while the women came
from two less diverse groups (office workers and tech­
nical or manual workers). Data collection took place
during worktime visits to the study center in central
Sydney.

Procedures

At each visit, the subjects underwent screening by a
nurse, followed by a physician's medical assessment
two weeks later. At the preliminary screening a self­
administered work-response questionnaire was com­
pleted. It was followed by interviewer-administered
questions seeking demographic and occupational in­
formation and by anthropometric and physiological
measurements. The subjects were requested to com­
plete a biographical questionnaire at home. The ques­
tionnaire included items on medication use, alcohol
consumption, and family history of cardiovascular dis­
ease. The medical assessment included a second blood
pressure estimation, a physical examination focusing
on the cardiovascular system, and a simple test of fit­
ness.

Blood pressure

Blood pressure was measured with a Hawksley
random-zero sphygmomanometer at both the screen­
ing and medical visits with methods for cardiovascu­
lar surveys as proposed by the World Health Organi­
zation (22). On each occasion two successive readings
were taken on the right arm after IS min of rest with
the subject seated. The systolic blood pressure (SBP)
was recorded at the appearance of the first Korotkoff
sound and the diastolic blood pressure (DBP) at the
disappearance of the sounds (Korotkoff phase V). The
mean of the two readings was recorded. The mean of
the readings thus recorded at the screening and medi­
cal visits was used in all the analyses. Each observer
(nurse or doctor) was trained by the same physician
(BVE), and measurement practice and instrument ac­
curacy were monitored.

Covariates
Measures of determinants of hypertension were ob­
tained. Weight was assessed with the subjects in ordi­
nary clothing without shoes or a jacket. Fitness was
estimated by an exercise test adapted from Master's
Step Test (23) and graded from 1 (very fit) to 5 (unfit)
(21). Also recorded were family history of stroke or
hypertension, skinfold thickness (mean of upper arm,
subscapular, and abdominal sites), alcohol consump­
tion (lO-g drinks /week), and education (completed
secondary education) .

Work-response questionnaire
A questionnaire which included 30 items, each on a
graded five-point Likert scale, concerning feelings
about the work environment and stress from sources
outside work was completed at each visit (appendix 1).
The items, selected from several sources (24-28), were
regarded (in the mid-1970s) as particularly suitable for
measuring perceived work stress in this heterogeneous
population.

Subjects

The subjects were eligible for this analysis if they met
several criteria. They had to attend follow-up visits
three and five years after enrollment, they had to have
complete relevant data, they had to remain in the work
force, they were not to be receiving treatment for
hypertension, and the women could not be pregnant.
Data from the second- and fourth-year visits were not
considered because, by study design, only about half
of the cohort attended these visits. Of the 4607 sub­
jects who enrolled, 39 did not return for the medical
examination, 50 died within the five years, 432 had re­
tired from the work force but continued to attend the
study, 233 had retired and left the study, 290 were
being treated for hypertension, and 35 women were
pregnant on enrollment or at the fifth-year follow-up
examination. Of the 3528 remaining subjects, 894
either failed to attend the three visits or had incom­
plete data. The study sample of 2100 men and 534
women thus comprised 57 0J0 of the original volunteers,
or 75 070 of those who remained in the study after ex­
clusions.

Principal component analysis

A principal component analysis (with varimax rota­
tion) of 26 work-response items and three items de­
scribing stress outside work was conducted on first­
visit data from all the subjects who completed enroll­
ment procedures (N = 4568). This procedure was car­
ried out both to reduce the complexity of the data and
to confirm that the items belonged to constructs which
described demand, control, support, and outside stress.
The SAS (statistical analysis system) package was used
for this and other analyses (29). Item 30 on support
by spouse and relatives was not included at this stage
because it did not fit conceptually with the other items.
The results of this analysis are summarized in table A
of appendix 2. Seven components were derived, which
accounted for 55 0J0 of the variance. Unit weighting
of items which loaded on a factor at ;:.: 0.40 was used
to derive component scores (30). Item 6 on clarity of
job responsibilities and item 12on skill utilization were
excluded because each loaded equally onto two com­
ponents. These items were, however, included in the
item analyses. The seventh component comprised one
item only, which measured stress arising from the
feeling that one's work was beyond understanding.
This item was not regarded as a component but was
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included in the item analyses. Cronbach's alpha coeffi­
cients for the other six components ranged from 0.52
to 0.86.

Components

Control (four items) referred to perceived influence
over work rate and the extent to which one's job is
interesting and varied . Quantitative demands (six
items) referred to perceived time pressures, work load,
and conflicting demands. Work support (six items) re­
ferred to perceived emotional support from co-workers
and supervisors. Future control (four items) referred
to perceived advancement opportunities, future job
security, usefulness of skills, and satisfaction with pay.
Qualitative demands (three items) referred to perceived
pressures due to having to deal with and be responsi­
ble for other people, as well as being required to main­
tain too much mental concentration. Outside stress
(three items) referred to perceived stress associated with
family, friends, and financial problems.

Chronicity
Measures of chronic perceived stress were obtained as
sums of the scores for each component and each item
across the initial, three-year, and five-year visits. The
reliability of this approach depended in part on the as­
sumption that the reported level of stress was reason­
ably constant over the five years. As a test of this as­
sumption, each component was divided into tertiles
(high, moderate, and low) and the percentages of sub­
jects who fluctuated between extremes across visits
were examined. Only 2-8 % of the subjects fluctuated
to this extent, and therefore these scores should be
reasonable estimates of chronic stress over the five
years.

Multiple regression
Multiple linear regression models were developed for
the dependent variables, the change in SBP over five
years and the change in DBP over five years, with the
contribution of initial blood pressure , age, family his­
tory of stroke or hypertension, education, weight,
weight change, skinfold thickness, skinfold thickness
change, fitness , fitness change, alcohol consumption,
and alcohol consumption change being taken into ac­
count. Education and family history of stroke or
hypertension were binary variables, while the other
covariates were continuous. Data on the men and
women were analyzed for three age groups, <35 years,
35-49 years and >49 years, as well as for all the age
groups combined. This stratification gave rise to eight
models each for the change in SBP and the change in
DBP. Only those covariates which were significant at
the 0.05 level were retained.

The chronicity scores of the six components and 30
items were tested in each model. To test the Karasek
and support hypotheses, we also tested the concep-
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tually appropriate two-way interaction terms, regard­
less of whether the specific main effects were signifi­
cant. Because of the problem of multiple comparisons
a significance level of 0.01 was chosen to determine
inclusion of the stress variables.

Results

Subjects who either did not properly complete the
work-response questionnaire or who met the eligibili­
ty criteria but failed to attend the follow-up were ex­
cluded because of the missing data. This group is com­
pared with the actual study group in table I. The men
with missing data were similar to the men included in
the study in age, SBP , DBP, weight, and skin fold
thickness . However, the alcohol consumption of the
men with missing data was higher, they were less like­
ly to report a family history of stroke or hypertension,
they were less fit, and they were more likely to have
been born in a non -English speaking country. Al­
though a larger proportion of the women than the men
had missing data, and the women with missing data
were younger than the women included in the study,
the two groups of women were otherwise similar .

Components
When each of the six-component chronicity scores was
tested in the regression models, none was significant
for all the men or all the women. However, sex and
age differences were present (table 2). For young fe­
males, quantitative demands and work support were
associated with a change in DBP. Among the older
females, future control was associated with a change
in DBP . None of the component interactions tested
was significant.

Items
The results are presented for the 3D-item chronicity
scores in table 3. No item was associated with a change
in SBP. For the total data on the women no item was
associated with a change in DBP . For young women,
however, work beyond understanding, work load, and
unclear job responsibilities were significant, as were
four work support items (not consulted by manage­
ment, personal counseling at work, complaints to
supervisor discouraged, and supervisor support). No
item was associated with a change in DBP among the
middle-aged and older women. For the total data on
the men, only deadlines was significant. Among the
young men, being required to deal with other people
was significant. No significant effects were found for
middle-aged or older men.

Demand-control interactions
To facilitate the interpretation of the significant
demand-control interactions, these results are present­
ed graphically in figure 1.



Table 1. Base-line character istics of the stud y subjects and thos e for whom data were mcomptete.« (SBP = syst oli c blood pres­
sure, DBP = diastol ic blood pressure, SE = st andard error of th e mean)

Proper- Alcohol Skinfold Family Non-Enql lsh Proport ion
tion of Age SSP DSP Weight intake thlc knesss history" speaking not fit '
volun - (years) (mmHg) b (mmHg)b (kg) (drink sci (mm) ('!o) origin ('!o)
teers week) ('!o)

('!o j Mean SE Mean SE Mean SE Mean SE Mean SE Mean Se Mean SE Mean SE Mean SE

Men

Included
in study
(N = 2100) 78.5 34.4 0.22 126.3 0.25 77.7 0.21 75.4 0.24 14.2 0.36 14.4 0.12 42.8 1.1 12.8 0.7 41.3 1.1

With miss-
ing data
(N = 574) 21.5 32.4 0.44 127.2 0.50 77.0 0.46 75.6 0.48 16.3 0.77' 14.3 0.23 37.4 2.0' 16.7 1.6' 46.5 2.1"

Women

Included
in stu dy
(N = 534) 62.5 31.9 0.49 114.3 0.53 71.3 0.40 59.2 0.42 4.7 0.35 18.0 0.28 43.9 2.1 17.1 1.6 75.8 1.9

Wit h miss-
ing data
(N =320) 37.5 28.4 0.56" 114.3 0.74 70.0 0.54 60.0 0.65 4.1 0.40 18.0 0.40 38.1 2.7 17.6 2.1 74.1 2.4

a The persons with missing data comp rised thos e who failed to atten d third- and fifth·year visi ts or who faile d to complete the work-response ques­
t ionnaire prope rly. They do not inclu de volunteers who ret ired or died during the study, who were under drug treatment fo r hypertension, or preq­
nant women.

b 1 mmHg ~133.322 Pa.
C One drink equivalen t of 10 g of alcohol.
o Mean from th ree sit es (subscap ular, Iliac crest, and tric eps fo lds).
• Famil y history of stroke or hypertension.
, Lack of fit ness (pulse rate greater than 120 beats/min after 2 min of stepping).
, P<0.05 (significant difference between the group studied and Ihal wi th missing data), •• P<0.01 (sig nificanl difference between the group studied

and th at wi th missing data).

Table 2. Chron ic ity scores ' for the principal components of
perceived job st ress assoc iated with a change in diasto lic
blood pressures - partial regression coefficients and the
standard errors in models wi th signi ficant covariates .

Table 3. Chronicity sco res' of the perceived job stress item
associated with a change in diastol ic blood pressure> - par­
tia l regressi on coefficients and their standard errors in models
with signifi cant covariates.

Coefficient Standard
error

Coeffi­
cient

Standard
error

a There were no signifi cant interacti ons between the compo­
nents .

b No associatio ns were found with change in systo lic blood
pressure.

.. P<0.01, .. , P<0.001 .

Women. None of the interactions was associated with
a chan ge in SBP among the women with the three
different age groups combined. For DBP change, only
the one interaction between responsible for other peo­
ple and advancement opportunities was significant
(P< O.OI). As dissat isfaction with respon sibility in­
creased, those with good opp ortuni ties for ad vance­
ment had a greater DBP reduction than tho se with
poor opportunities (figure la).

For women aged < 35 years, non e of the interac­
tions were significant.

a Signi ficant item int eractions presented in f igures 1 and 2.
b No associations were found with a change in systolic blood

pressure.
e Item number in brackets as in appendix 1.
.. P<0.01 , , .. P<O.001.
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Figure 1. Significant (P<O.01) interact ions between the demand and control items associated with the change in systolic blood
pressure (SSP) and the change in dias to li c blood pressure (DSP),
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In the age group 35-49 years, none of the interac­
tions among the women were associated with a change
in DBP. For SBP change, however, work beyond un­
derstanding interacted with feeling under pressure
(P<O.OI) , work load (P<O.OI) , and mental concen­
tration (P < 0.01). The direction of these results was
similar. As perceived demand increased, the SBP de­
creased for those with poor understanding and in­
creased for those with good understanding (figure
Ib-Id). At the highest level of demand, however, un­
derstanding made little difference to the change in
SBP. Notably, the reduction in SBP was consistently
greater for those reporting good understanding.

For women aged > 49 years, three interactions were
associated with a change in DBP , namely, feeling
under pressure with work beyond understanding
(P<O.OOI), feeling under pressure with unvaried work
rate (P<O.OI), and deal too much with other people
with work beyond understanding (P<O.OI) (figure
le-Ig). As perceived demand increased, good under­
standing was associated with a reduced DBP, although ,
when demand was highest , understanding ceased to
have any such association . Variation in work rate was
also associated with reduced DBP as perceived pres­
sure increased. For a change in SBP, one interaction
was significant, work load with future job security
(P<0.01) (figure Ih), As dissatisfaction with work load
increased, those who were not worried about job secu­
rity showed a reduction in their SBP.

Men. None of the interactions were associated with a
change in DBP among all the men as a group. For SBP
change, however, feeling under pressure interacted with
interesting work (P < 0.0 I) and with varied work
(P<O.OOI) (figure l i and Ij). Blood pressure reduc­
tion was the greatest for those who reported low levels
of work pressure and interesting work , although this
advantage was lost when perceived work pressure in­
creased .

Among the men aged < 35 years, none of the inter­
actions were significant.

For the men aged 35-49 years, none of the inter­
actions was associated with a change in SBP. For DBP
change, however, the interaction between insufficient
time to complete work and advancement opportuni­
ties was significant (P<O.OI). As perceived time pres­
sure to complete work increased, the DBP was reduced
for those reporting good opportunities for advance­
ment and increased for those reporting poor oppor­
tunities (figure Ik). However, if the time allowed for
the work to be completed was sufficient, perceived
good advancement opportunities were associated with
an increase in DBP.

For the men aged >49 years, none of the interac­
tions were associated with a change in DBP. For SBP
change, however , insufficient time to complete work
interacted with worry that job skills would cease to be
of value (P<O.OI). As perceived time pressure to com-

plete work increased, the SBP was reduced among
those who were worried about the future value of their
job skills, but increased among those who were not
worried (figure ll). For low perceived demand, the SBP
was the most reduced for those not worried.

Social support interactions

Graphic representations of the significant social sup­
port interactions are presented in figure 2.

Men. None of the interactions were significant for all
ages combined nor for any age group of the men.

Women. None of the interactions among all the women
as a group were associated with a change in SBP . For
DBP change, however, the interaction between feeling
under pressure and supervisor support was significant
(P < 0.01). As perceived pressure increased, good sup­
port was associated with a greater reduction in DBP
(figure 2a).

For the women aged < 35 years, the change in
DBP showed an interaction between spouse support
and four items, namely, work beyond understanding
(P < 0.01), work faster than would prefer (P < 0.001),
insufficient time to complete work (P < 0.01), and work
load (P<O.OI) (figure 2b-2e). The patterns of these
interact ions were similar . At low levels of stress , good
support was associated with a greater reduction in DBP
than was poor support. For high demand or under­
standing, however, support made little difference to
the change in DBP. For SBP change, work faster than
would prefer interacted with spouse support (P<O.OI),
and the pattern was similar to that for DBP change.
Good support was associated with a greater reduction
in SBP for low demands, and not for high demands
(figure 2f).

For the women aged 35-49 years, none of the in­
teractions were associated with a change in DBP.
For SBP change , however, a number of support items
were associated with work beyond understanding,
namely, spouse support (P<O.OOI), supervisor support
(P<O.OI), personal counseling at work (P<O.OI), and
not consulted by management (P < 0.01) (figure 2g­
2j). The patterns of these interactions were similar. As
perceived understanding deteriorated, none of the sup­
port items buffered any increase in SBP , and in fact
those with poor support had a greater reduction in
SBP. Spouse support also interacted with work load
for SBP change (P<O.OI). At a low perceived work
load, good support was associated with a larger reduc­
tion in SBP than was poor support (figure 2k). When
the perceived work load was high, however, those with
poor support had a greater reduction in SBP.

Among the women aged >49 years, none of the
interactions were associated with a change in SBP .
For DBP change, however, co-worker support inter­
acted with four items, namely, feeling under pressure
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Figure 2. Sign ificant (P<O.01) interactions between the support items and the demand or control items associated with the
change in systolic blood pressure (SBP) and the change in diastolic blood pressure (DBP).
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(P<O.OOl), work beyond understanding (P<O.Ol),
work faster than would like (P<O.OI), and conflict­
ing demands (P<O.OI) (figure 21-20). As the per­
ceived stress increased, good support was associated
with a reduction in DBP. For one interaction, co­
worker support with conflicting demands (figure 20),
support had no impact on DBP reduction when per­
ceived demand was high. The interaction of spou se
support with feeling under pressure was also associated
with a change in DBP (P<O.Ol). As perceived pres­
sure increased, good support was associated with a
reduction in DBP (figure 2p).

Discussion

The Karasek model postulates that the greatest strain
(or worst physiological outcome) is experienced by
those persons with the combination of high demands
and low control (1-3). None of the 12 significant in­
teractions of our study demonstrated this postulation,
and in fact for half of the interactions the worst out­
come was experienced by those with the combination
of low demands and low control. Six of the 12 signifi­
cant interactions demonstrated partial support for the
Karasek model in that for those groups reporting low
control, blood pressure increased as perceived demands
increased (figure I). For example, women who reported
having too much responsibility for other workers (high
demand) and poor opportunities for advancement (low
control) experienced a greater increase in DBP than
those women who reported a low level of responsi­
bilities (low demand) combined with poor opportuni­
ties for advancement (low control) (figure la). For the
other six interactions, the opposite of the Kara sek
prediction emerged in that the combination of high de­
mands and low control was associated with a clearly

better outcome than was low demands combined with
low control.

Figure I highlights the inconsistencies between our
findings and what was expected according to the Ka­
rasek model. One possibility for this lack of agreement
is that some subjects were not conscious of their real
feelings. The phenomenon of alexithymia has been dis­
cussed by Theorell et ai, who found that an inability
of 28-year-old men to differentiate feelings was as­
sociated with an elevated DBP (5). In a cross-sectional
study of mostly male bus drivers , Winkleby et al (31)
also reported " inverse" associations when high stress
scores were associated with lower rates of hyperten­
sion.

Buffering was defined to be present if an interac­
tion conformed to the hypothesis of LaRocco et ai,
in which different levels of social support have little
effect in low stress situations, but as stress increases,
good social support minimizes or reduces any possi­
ble negative outcome (9).

Five of the 16 significant social support interactions
of our study demonstrated partial agreement with the
social support model of LaRocco et al (figure 2). For
example, when women reported feeling under pressure
while having good supervisor support, their DBP was
reduced more than among women with poor supervisor
support (figure 2a). When work pressure was low,
however, the amount of support ceased to have any
differential effect. Conversely, two-thirds of the 16 in­
teractions clearly did not accord with the social sup­
port hypothesis. For example, when stress was high,
young women had a poor outcome regardless of the
level of support, and it was only when stress was low
that good support was associated with a greater reduc­
tion in DBP. Nevertheless, like LaRocco et al (9), we
observed that work demands were moderated primarily
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by work support rather than by outside support. Many
of the older women in our study had worked together
for a long time in telephonist and telegraphist pools
where there was greater opportunity for interaction,
and, although half of this group was married, support
from family and friends was not found to moderate
work demands. Support from family and friends was,
however, more prominent for young women, only
28 % of whom were married. Of the 16 support inter­
actions, six involvedwork beyond understanding. With
the exception of co-worker support, social support did
not act as a buffer, and this stressor appeared to be
exacerbated by good support. Workers who did not
understand their work possibly felt more at ease with
distant or indifferent supervisors; alternatively, inap­
propriate support may have been provided.

Hence, our evidence for a social support model is
inconsistent. Perhaps social support is not summoned
until needed, in which case any benefit is only appar­
ent when stress has reached a critical level at which
the subject and others realize that support is needed
(9). Some results may be explained by the possibility
that workers with good support perceived their work
in a better light than it was, but nonetheless suffered
physiological effects of stress. These inconsistencies
highlight the need to obtain objective, as well as sub­
jective, measures of stress.

In a previous cross-sectionalanalysis of this data set,
Frommer et al (32) did not find any association be­
tween six similar components of perceived work stress
and SBP among the men. The present longitudinal
results, however, revealed many associations which
differed between the men and the women. The most
outstanding difference was associated with social sup­
port, which showed significant direct, as well as in­
teractive, effects in the three female age groups but
no effect among the men. For the women, social sup­
port was involved in five of the seven main effects and
in 15 of the 24 interactions. These results echo find­
ings of other studies that the effect of social support
on health is greater among women (33, 34). In our
study, work-based support was more effective as a
buffer against work stress than was outside support
(possibly because of its relevance and proximity to the
source of stress).

Our results also revealedmarked differencesbetween
the age groups. No item or two-way interaction was
significant across all the age groups. One possible im­
plication of this finding is that certain demands and
constraints were present for some ages but absent for
others. There was some consistency in the total pat­
tern of associations in that the significant findings were
most appropriate for the age groups in which they were
found. For example, advancement opportunities can
be important for men in their middle years, while
future security can be a major concern in later life.
Among middle-aged men, time pressure to complete
work was moderated by opportunities for advance­
ment. When such opportunities were perceived to be
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lacking, greater increases in blood pressure were ob­
served. Men aged > 49 years were sensitiveto the com­
bination of time pressure to complete work with
whether their job skills would cease to be of value.
Similarly, women aged > 49 years formed the only
female group for whom worry about future job secu­
rity was associated with greater increases in blood pres­
sure.

This study focused on 30 perceived stress items and
six components derived from them. While there are
arguments for condensing data to make analysiseasier,
as done by Johnson et al (11), who produced an "iso­
strain" variable from demand, control, and support,
a major problem with any simplifyingapproach is that
specific effects and interactions may be masked. This
possibility may partly explain why the earlier cross­
sectional analysis of part of our data set (32) did not
reveal any associations between the six perceived stress
components and SBP, whereas many associations were
detected in the present longitudinal analysis. The two
analyses are consistent in that neither found associa­
tions of main effects with SBP. In the longitudinal
analysis all the main effects were associated with DBP,
while the two-way interactions were associated with
both DBP and SBP, even when neither main effect was
significant. This finding emphasizes the need to con­
sider all relevant two-way interactions in studies of this
type.

As with most studies in which blood pressure is ana­
lyzed as a continuous variable, certain exclusions had
to be made (treatment for hypertension, pregnancy),
while other persons retired, died, or had incomplete
data. The analyses also adjusted for initial blood pres­
sure, but whether or not the blood pressure was al­
ready elevated because of stress prior to entry to the
study could not be easily ascertained.

The study has shown that estimates of chronic per­
ceived work-related stress (over five years) are asso­
ciated with blood pressure change (over the five years)
after adjustment for initial blood pressure and other
determinants of blood pressure. It is notable that the
three measures of outside stress were not associated
with blood pressure change, a finding suggesting the
importance of the work-related factors. However, the
three outside stress items may not have been sufficient­
ly comprehensive to enable evaluation of the possible
confounding effect of outside stress on the relation­
ship between work stress and blood pressure change.
While the sex and age differences observed were co­
herent with what one might expect, the pattern of as­
sociations was complex and is difficult to summarize.
Support for the Karasek and social support models is
equivocal, and therefore the notion that these models
are oversimplifications and should not be regarded as
general models is reinforced. The fact that interactions
are important is clear, but the exact nature of such in­
teractions requires further investigation. In a recent
review, Kristensen (35) suggests that "Karasek's hy­
pothesis has been strongly confirmed. .. [p 168)."
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Appendix 1

Items from the work-response questionnaire

The following 29 items from the work-response ques­
tionnaire were grouped in the principal component
analys is:

1. Do you get less support than you would like on
work troubles from your supervisor?

2. Do you feel discouraged from making a complaint
to your supervisor?

3. Do management, including your immediate super­
visor , not consult you as often as you would like
on matters that affect you?

4. Do you get less support than you would like on
work troubles from other people at work?

5. Do you get shown less appreciation than you
would care to receive for good work?

6. Are you less clear than you would like to be on
your job responsibilities?

7. Do you feel you cannot get as much counselling
at work as you would like On personal problems
or.ill health?

8. Is your work less varied than you would like?
9. Is your work less interesting than you would like?

10. How boring is your work?
11. Is there too little variation in work rate for your

liking?
12. Does your work offer less opportunity than you

would like of using skills in which you were
trained?

13. Does your job require you to work faster than you
would like?

14. Do you have insufficient time each day to com­
plete your work?

15. Do you have more work load than you care to
handle?
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16. Ho w often do you feel under pressure in your
work?

17. How often are there deadlines in your work?
18. Are conflicting demands put on you?
19. Do you feel insecure about the future of your job?
20. Do you feel that your job skills may cease to be

of value in a few years?
21. How much do you feel that your opportunities for

advancement are not as good as you would like?
22. Do you feel that you are paid much less than you

should be in relation to what you do and what
others get?

23. Are you required in your work to deal with others
(including the public) more than you care to ?

24. Do you have more responsibility than you care to
have for the welfare , safety or securit y of other
employees?

25. Does your work require more mental concentra­
tion than you would like?

26. How much if any stress or worry have you had
lately with your spouse or other person you are
intimatel y involved with?

27. How much if any stress or worr y have you had
lately with other member s of your family or close
friends?

28. How much if any stress or worry have you had
lately with money or home finance?

29. Is your work beyond your understanding or more
complex than you can handle?

The following item was not included in the princip al
component anal ysis but was analyzed separately:

30. Do you get less support than you would like on
work troubles from your spouse, relatives?



Appendix 2

Principal component analysis

Responses to 29 items from the work-response ques­
tionnaire, listed in appendix I, were grouped by means
of principal component analysis (table A), using a pro­
gram for principal factoring without iteration from the
SAS computer package. An item was considered to be
represented in any given component if its loading was
at least 0.40. The following items loaded the most on
the seven components:

Items 1-5, 7 (work support): component I
Items 8-11 (control): component II

Items 13-18 (quantitative demands): component III
Items 19-22 (future control): component IV
Items 23-25 (qualitative demands): component V
Items 26-28 (outside stress): component VI
Item 29: component VII

Items 6 and 12each loaded equally on two components
and were not retained. They were, however , tested in­
dividually in the multiple regression analyses.

Table A. Principal component solution (with varimax rotation) for the work-response questionnaire.

Item Component load ing

number Communality
II III IV V VI VII

1 0.76 0.14 0.10 0.05 0.Q1 0.04 0.Q1 0.61
2 0.68 0.10 0.Q1 0.12 0.06 0.08 0.11 0.50
3 0.66 0.12 0.20 0.15 -0.03 0.Q1 -0.06 0.51
4 0.56 0.06 0.17 0.01 0.14 0.08 0.00 0.37
5 0.57 0.21 0.17 0.20 0.16 0.03 -0.19 0.50
6 0.49 0.02 0.10 0.13 0.06 0.06 0.44 0.46
7 0.48 0.15 0.03 0.10 0.19 0.18 0.09 0.34
8 0.14 0.85 -0.04 0.11 -0.00 0.06 - 0.00 0.75
9 0.15 0.84 -0.01 0.16 - 0.03 0.05 0.Q1 0.75

10 0.16 0.80 -0.07 0.11 -0.00 0.06 0.06 0.68
11 0.08 0.73 -0.02 0.02 0.03 0.06 -0.02 0.54
12 0.17 0.47 0.04 0.44 0.03 0.02 -0.07 0.45
13 0.05 0.01 0.73 0.03 0.17 -0.01 0.12 0.57
14 0.03 -0.03 0.73 -0.03 0.10 0.01 0.04 0.54
15 0.10 -0.01 0.69 0.02 0.29 0.05 0.07 0.57
16 0.21 -0.06 0.69 0.05 0.11 0.14 0.13 0.57
17 0.08 -0.04 0.64 0.04 - 0.11 0.07 -0.16 0.46
18 0.36 -0.00 0.60 0.09 0.06 0.07 0.01 0.50
19 0.18 0.07 0.07 0.62 -0.06 0.15 0.29 0.53
20 0.09 0.23 0.00 0.63 0.04 -0.02 0.18 0.49
21 0.28 0.29 0.04 0.57 - 0.00 0.03 -0.24 0.54
22 0.21 -0.08 0.13 0.47 0.38 0.10 -0.38 0.58
23 0.15 0.03 0.09 -0.03 0.65 -0.01 0.03 0.45
24 0.08 - 0.04 0.11 0.03 0.70 0.07 0.03 0.51
25 0.06 0.03 0.25 0.04 0.60 0.04 0.31 0.52
26 0.12 0.05 0.09 -0.04 0.01 0.74 -0.00 0.57
27 0.07 0.07 0.11 -0.01 0.00 0.68 0.10 0.49
28 0.08 0.08 0.00 0.22 0.08 0.65 -0.04 0.49
29 0.03 -0.02 0.13 0.10 0.23 0.04 0.68 0.54

Proportion of
total variance 11.0 % 10.9 % 10.7% 6.2 % 6.0 % 5.4 % 4.3 % 54.9%
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