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FROMMER MS, EDYE BV, MANDRYK JA, GRAMMENO GL, BERRY G, FERGUSON DA. Sys-
tolic blood pressure in relation to occupation and perceived work stress. Scand J Work Environ Health
12 (1986) 476—485. This paper outlines the methods used in a five-year prospective study of 4 607
Australian government employees and presents initial cross-sectional results examining associations between
systolic blood pressure, occupation, and subjects’ perceptions of work stress as ascertained in a question-
naire survey. The questionnaire items were grouped by means of principal component analysis into six
factors representing adverse job characteristics. There were appreciable occupational differences in the
mean scores for all six factors and in systolic blood pressure. The differences in systolic blood pressure
among men from different occupational categories could not be explained by variation in the level of
occupational stress perceived and reported by the subjects. Age, occupation, body mass index, and level
of perceived stress arising from financial problems were significantly associated with systolic blood pressure
level. A multiple linear regression model was used to determine the relationship between systolic blood
pressure, age, and occupation after adjustment for the effects of the other variables.
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Despite declining mortality, coronary heart disease
(CHD) remains the leading cause of death in Austra-
lia (4, 14). It is also the leading cause of premature
retirement attributed to organic disease and of death
prior to retirement (7). Although CHD is not regarded
as an occupational disease, it has been suggested that
aspects of work could contribute to the risk (1, 11, 16,
17, 21, 29). This possibility is strengthened by occu-
pational variations in the occurrence of CHD and in
distributions of CHD risk factors, including blood
pressure (10, 16, 21). The question therefore arises of
whether the differences in CHD risk are due to occu-
pational influences or to constitutional and environ-
mental factors distributed differentially among occu-
pations.

Union concerns about the possible link between
work stress and CHD led to the planning of a blood
pressure study within the School of Public Health and
Tropical Medicine in Sydney. While there is no gen-
erally accepted measure of harmful stress, the risk of
CHD has been found to vary with occupational level
(16), responsibility at work (29), job control in rela-
tion to work load (1), support for the worker from
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supervisors, colleagues and family (17), and type A or
type B behavior pattern (26). This study has taken the
approach of ranking subjects’ reactions to perceived
work stress.

Occupational differences in CHD are important in-
dustrially and have implications for the prevention of
CHD. Worksite intervention could be effective in re-
ducing CHD risk (8, 27). The efficiency of interven-
tion may depend on the distribution of risk in work-
ing populations.

Accordingly, the blood pressure study was planned
with the following three major objectives: (i) to iden-
tify occupational factors associated with CHD risk,
(ii) to observe the progression and community control
of hypertension and other CHD risk indicators in dif-
ferent occupational groups, and in relation to occu-
pational change, and (iii) to conduct a trial of risk-
factor modification based on counseling by occupa-
tional nurses.

This paper outlines the structure of and methods
used in the blood pressure study. It then presents results
on the association of occupation and blood pressure
among the men and on the contribution of subjects’
reactions to perceived work stress to this association.

Subjects and method

The first objective was addressed by a cross-sectional
survey which provided the base line for the prospec-
tive research appropriate to the second and third ob-
jectives. The second objective was addressed by a



cohort study, and the third by a randomized controlled
trial of intervention.

The study population consisted of 4 607 Australian
government employees working in Sydney. They were
recruited on a voluntary basis between April 1977 and
October 1980. Seventy-five percent of the subjects were
recruited from Telecom Australia, 24 % from the
Australian Taxation Office, and 1 % from Australia
Post. Table 1 gives a breakdown of the study popula-
tion by employer and sex.

The initial data collection from each subject took
place in worktime during two visits to the study center,
located in Telecom premises in Sydney. On the first
visit subjects underwent preliminary screening by a
nurse and answered a self-administered work response
questionnaire developed to record reactions to per-
ceived work stress. This questionnaire also included
items on personal relationships and domestic and
financial problems, as well as items designed to iden-
tify the type A behavior pattern. The preliminary
screening comprised interviewer-administered ques-
tions seeking demographic and occupational informa-
tion, measurement of pulse rate and blood pressure,
a 12-lead electrocardiogram, anthropometry, collec-
tion of a random venous blood sample for hematol-
ogy and biochemical analysis, and collection of a
midstream urine specimen for microscopy.

The subjects returned about two weeks later for
medical assessment. In the interim they completed a
biographical questionnaire which included items on per-
sonal health, medications, family history of cardiovas-
cular disease, tobacco and alcohol consumption, diet,
leisure-time activities, and additional occupational and
demographic details. Medical assessment consisted of
a physical examination focusing on the cardiovascular
system and a simple test of heart rate response to

Table 2. Criteria for risk categorization.

physical exertion. Measurements of pulse rate and
blood pressure were repeated under conditions identical
to those of the preliminary screening and followed the
methods proposed by the World Health Organization
for cardiovascular surveys (22). Hawksley random-zero
sphygmomanometers were used for blood pressure de-
termination, the reading being made after the subject
had been seated at rest for 15 min.

The physician conducting the medical assessment
evaluated the screening data, relevant biographical data
and laboratory results, discussed these results and the
physical findings with the subject, and then assigned
the subject to one of four CHD risk categories de-
pending on diastolic blood pressure, serum cholesterol
level, mean skinfold thickness from three sites, heart
rate response to exertion, cigarette smoking, and alco-
hol consumption. The presence of significant electro-
cardiographic abnormalities and the use of hormonal
contraception by women over the age of 40 years were
also taken into account. The criteria for risk categoriza-
tion are summarized in table 2.

Subjects under treatment for cardiovascular and
related disorders at enrollment were placed in a sepa-
rate group for observation, irrespective of the assigned
risk level. Subjects with risk levels IT and III entered
the intervention trial and were randomized into inter-
vention and reference groups. Intervention consisted

Table 1. Blood pressure study population by employer and sex.

Australian Australia

Criterion

Telecom :
Sex 4 Taxation Post and Total
Australia  “orrce  other
Male 2515 791 39 3345
Female 875 379 8 1262
Risk level
I n ] [\

Diastolic blood
pressure in mm Hg?

Serum cholesterol

<85 (<11332)

85—94 (11332—12664)

95—104 (12 665—13 865) >104 (>13 865)

{(mmolit) <6.4 6.4—7.0 71—-7.7 >7.7
Cigarettes (number/d) 0—4 5—20 21—40 >40
Alcohol (drinks ®/week) 0—30 31—50 51—70 >70
Mean skinfold

thickness ¢ (mm) <16 15—19 20—24 >24
Heart rate response

to exercised A, B C D E

2 Pascal equivalent in parentheses.
® One drink equivalent to 10 g of alcohol.

¢ Mean from three sites: subscapular, iliac crest, and triceps folds.

d Heart rate (HR) response to physical exercise: the subject was required to step up with both feet onto a box 20 cm high at
a rate of 30 steps per minute. HR was measured after each complete minute of stepping. Results were recorded as follows:
A: HR =<120/min after 3 min of stepping, B: HR <120/min after 2 min of stepping but > 120 after 3 min, C: HR <120/min after
1 min of stepping but >120 after 2 min, D: HR =120/min after 1 min of stepping, and E: resting HR >100/min or resting
HR < 100/min but increasing by 10/min or more on standing. The test was omitted if the subject was taking beta-adrenergic
blocking drugs for any reason or had any contraindicating physical condition. It was abandoned when HR exceeded 120/min

or if result E was assigned.
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of intensive counseling on risk factor modification by
occupational nurses over a three-month period and did
not include the prescription of drugs. Subjects with risk
level I'V not already receiving treatment were referred
to their own practitioners or to clinics; many of them
required drug therapy. No attempt was made to in-
fluence treatment received outside this study, but all
subjects were eligible to enter the follow-up program
whether or not they were receiving treatment. Clinical
data collected on each subject were made available to
his or her nominated medical attendant if the subject
so wished.

Follow-up routines depended on the assigned risk
levels. All subjects were to be followed for five years,
regardless of change of employer.

Those with risk levels III and IV, and others re-
ceiving treatment on enrollment, were approached an-
nually for review. Those with risk levels I and II were
scheduled for review three years after enrollment, and
again two years later. At each review the procedure
was the same as initially, screening being followed by
separate medical assessment.

Apart from the intensive counseling during the three
months after enrollment, the intervention and reference
groups participated in the same follow-up routines as
the subjects not in the intervention trial. Thus the in-
tervention trial of selected subjects was nested within
the cohort study of all the subjects, and conducted con-
currently with it.

Any subject found to have elevated CHD risk or any
other significant abnormality during any follow-up as-
sessment was appropriately counseled or referred by
the study physician, irrespective of base-line risk level
or status in the intervention trial. Thus all subjects were
eligible to receive some intervention in the study. The
desigrated intervention and reference groups were dis-
tinguished by their risk factor levels on enrollment and
by their random allocation to the intervention or ref-
erence group. This arrangement satisfied the ethical
requirement to inform subjects of any clinical abnor-
malities detected during follow-up. Moreover, it simu-
lated the operation of an occupational health service
which provided counseling for employees within the
context of numerous community sources of health
advice.

The work response questionnaire was developed spe-
cifically for the blood pressure study, as no established
instrument could be found to estimate response to
physical and mental work stressors satisfactorily. The
questions addressed recent perceived mental stress,
with items on personal relationships, money and health
(4 questions); job or people at work (1 question); fre-
quency (14 questions) and amount (16 questions) of
feelings about work; support (3 questions); physical
symptoms experienced in reaction to work (12 ques-
tions); and behavior pattern (15 questions). The items
were selected from many literature sources (2, 5, 12,
18, 19) and from earlier studies (6) as being potential
indicators of work distress. Subjects were asked to rank
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their ~esponses to each item on a five-point scale in
which the lowest rank represented no distress and the
highest rank a high level of distress.

The present analysis deals with the 30 items on
feelings about work, the three items on support, and
one item on recent perceived mental stress referring
to the job or people at work. These 34 questions, which
are listed in appendix 1, were grouped by means of
principal component analysis using the Statistical Pack-
age for the Social Sciences (20). Six factors, together
accounting for 50.2 % of the total variance, were iden-
tified. These factors accorded with prior logical group-
ing of the information sought in the questionnaire.

Details of the principal component analysis are given
in appendix 2. Factor I represents boredom. It places
weight on the subject’s degree of interest in, involve-
ment in, and satisfaction derived from work. Factor
II represents lack of support. It places weight on the
quality of communication surrounding the subject in
the workplace, ie, support from supervisors and col-
leagues, consultation by management and supervisors,
understanding of job responsibilities, and availability
of counseling. Factor III represents quantitative over-
load, ie, time pressure, work load, and the imposition
of conflicting demands. Factor IV represents quali-
tative overload, for example, level of responsibility,
complexity of work, and contact with the public. Fac-
tor V represents inadequacy of remuneration and pros-
pects, ie, perceived adequacy of salary in relation to
the nature of the job, present and future appreciation
of skills by the employer, present and future relevance
of skills, and opportunities for advancement. Factor
VI represents unsatisfactory physical work conditions,
including noise, ventilation, and workspace.

Based on the principal component analysis, a total
score for each of the six factors was computed for each
subject as outlined in appendix 2. A high score on any
factor represented perception of, and a strong reac-
tion to, the adverse job characteristics identified in the
factor.

Because of the need to disentangle any possible effect
of nonwork distress, responses to the following three
questions from the questionnaire were also examined:
(i) how much, if any, stress or worry have you had
lately with your spouse or other person you are inti-
matcly involved with, (ii) how much, if any, stress or
worry have you had lately with other members of your
family or close friends, and (iii) how much, if any,
stress or worry have you had lately with money or
home finance. (These items were not included in the
principal component analysis.)

Results

The results described have been confined to men em-
ployed by Telecom and the Taxation Office. Data col-
lection was complete for 3 246 (98.2 %) of the 3 306
men, who were divided into the following eight occu-



pational categories (table 3): (i) executives and admin-
istrators, (ii) professionals, (iii) technicians, (iv) clerks,
(v) tax investigators and valuers, (vi) tax assessors, (vii)
skilled tradesmen, and (viii) other blue-collar workers.
One hundred and eighty-six men were receiving drug
treatment for hypertension (5.7 %); in 115 of these,
systolic blood pressure was less than 160 mm Hg
(21 331 Pa) and diastolic pressure less than 95 mm Hg
(12 665 Pa).

The association between scores for the questionnaire
factors, age, and occupational category was examined.
Table 4 gives the mean score for each factor by age.
An analysis of variance demonstrated that score was
significantly related to age for factors I, II, 11, V and
VI (p<0.001) and to occupation for all six factors
(p<0.001). There was no interaction effect between

The next step was to explore associations between
occupation and systolic blood pressure and to deter-
mine whether work stress reported in the questionnaire
was related to occupational variations in systolic blood
pressure. The following extraneous variables were con-
sidered likely to complicate relationships between the
occupational variables, including work stress, and sys-
tolic blood pressure:

Age.

Table 3. Age distributions for the subjects in different occu-
pational categories.

Age group (years)

QOccupational

age and occupation. Table 5 gives the mean factor  category <35 35—44 45-54 >54
. : : (%) (%) (%) (%)
scores for the occupational categories, adjusted for age
with the use of partial regression coefficients. Administrators (N = 338) 36 16 25 23
Thus concerns related to factor I (boredom) were  Professionals (N = 195) 44 22 20 14
prominent in the tax assessor category; to factor II ~ Technicians (N =1002) 53 22 16 9
(lack of support) in the clerical category; to factor III ~ Clerks (N=910) 67 n 12 "
TR s s : Tax investigators and
(quz}ntltatlve ove_rload) in the admlms.trat.lvc and pro- valuers (N = 195) 40 17 25 18
.fess1onal categories; to factor Iy (qual?tatlve overload) Ty assessors (N =206) 45 8 24 23
in the tax investigator, technical, skilled trades and  gkilled tradesmen
other blue-collar categories; to factor V (inadequacy (N=271) 43 20 21 16
of rem ration i : i Other blue-collar
uneration and prospects) in thg technical, skilled workers (N = 129) 54 16 13 17
trades, and other blue-collar categories; and to factor
VI (unsatisfactory physical work conditi i All occupations
: (unsatis y phy onditions) in the (N =73 246) 53 17 17 14
skilled trades category.
Table 4. Mean factor scores, determined in the principal component analysis, by age group.
Mean factor score
Age group
Factor | Factor If Factor Il Factor IV Factor V Factor VI
<35 0.16 0.05 0.02 0.03 0.17 -0.01
35—44 -0.12 -0.04 0.16 0.12 0.12 —0.05
45—54 —-0.32 -0.01 0.22 0.12 -0.02 -0.18
>54 —0.40 -0.25 0.15 0.05 —0.16 -0.22
All ages? —0.04 —-0.01 0.09 0.06 0.08 —-0.08

2 Mean scores for all ages differ from 0 because the factors were deterrnined from the entire study population, whereas these

results refer to a subpopulation of men.

Table 5. Mean factor scores, determined in the principal component analysis, by occupational categories, adjusted for age.

Occupational

Mean factor score

category Factor | Factor 1l Factor IlI Factor IV Factor V Factor VI
Administrators -0.33 0.02 0.68 —0.03 -0.40 -0.22
Professionals -0.25 0.03 0.61 —0.05 0.03 -0.32
Technicians -0.14 0.01 0.05 0.17 0.30 —-0.09
Clerks 0.20 0.05 0.04 -0.06 0.14 -0.02
Tax investigators

and valuers -0.02 —0.04 0.20 0.18 -0.37 -0.19
Tax assessors 0.57 -0.17 —-0.04 -0.05 -0.33 -0.22
Skilied tradesmen -0.37 -0.19 ~0.43 0.18 0.29 0.26
Other blue-collar

workers -0.28 -0.04 -0.38 0.16 0.29 0.07
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Body mass index, defined as weight (in kilograms)
divided by the square of height (in meters): Body mass
index was divided into three categories, after Bray (3),
ie, underweight and acceptable weight (<25),
overweight (25—29), and obese (=30).

Education: The level of education might have in-
fluenced responses to the self-administered question-
naire, which relied heavily on subjects’ language com-
prehension; some parallels between occupational
category and level of education are to be expected.

Reported distress unassociated with work: perceived
stress in relation to spouse, family members, and close
friends and to financial problems.

For each of the six factors, scores were classed into
low, medium, and high tertile ranges. Analyses of
variance were done comparing the mean systolic pres-

sures across the tertile ranges of the six factors, the
age groups, the body mass index categories, level of
education categories, and tertile ranges of responses
to the three nonwork distress items. There was no sig-
nificant association between the six work stress fac-
tors and systolic blood pressure. The only variables to
have significant associations with systolic blood pres-
sure were age group (p<0.001), occupational category
(p<0.01), body mass index (p <0.001), and perceived
stress arising from financial problems (p <0.001). In
addition the interaction of age with occupation had
a significant effect (p<0.01).

The mean level of systolic blood pressure was found
to increase with age in all occupations, but to the least
extent among professionals (table 6), and to increase
with increasing body mass index (table 7). However,
the mean systolic blood pressure level decreased with
increasing levels of perceived stress arising from finan-
cial problems (table 8).

Table 6. Mean systolic blood pressure (in mm Hg with pascal equivalent in parentheses) by age group and occupational

category.2

Occupational

Age group (years)

category

<35

35—44

45—54

>54

Alil ages

Administrators
Professionals
Technicians
Clerks

Tax investigators
and valuers

Tax assessors
Skilled tradesmen
Other blue collar

125.4 (16 718)
1206 (16 078)
124.3 (16 572)
123.2 (16 425)

125.4 (16 718)
124.1 (16 545)
125.1 (16 678)
122.7 (16 358)

126.6 (16 878)
125.4 (16 718)
127.2 (16 958)
125.8 (16 772)

125.2 {16 692)
129.7 (17 292)
124.1 (16 545)
124.1 (16 545)

136.2 (18 158)
129.0 (17 198)
127.9 (17 052)
135.0 (17 998)

134.4 (17 918)
135.1 (18 012)
130.3 (17 372)
131.1 (17 478)

136.9 (18 252)
126.1 (16 812)
134.8 (17 972)
136.6 (18 212)

139.4 (18 585)
137.2 (18 292)
139.6 (18612)
1405 (18732)

130.9 (17 452)
124.1 (16 545)
126.4 (16 852)
126.3 (16 838)

130.2 (17 358)
130.1 (17 345)
126.8 (16 905)
127.0 (16 932)

All occupations

123.6 (16 478)

126.3 (16 838)

132.1 (17 612)

136.4 (18 185)

127.2 (16 958)

a2 Standard deviation (pooled estimate) = 13.9 mm Hg (1 853 Pa).

Table 7. Mean systolic blood pressure (in mm Hg with pascal equivalent in parentheses) by age group and body mass index.?

Body mass
index

Age group (years)

<35

35—44

45—54

>54

All ages

<25
25—29
=30

121.6 (16 212)
126.7 (16 892)
131.7 (17 558)

122.6 (16 345)

127.7 (17 025)

136.0 (18 132)

129.5 (17 265)
133.7 (17 825)
135.4 (18 052)

132.8 (17 705)
137.9 (18 385)
142.8 (19 038)

123.8 (16 505)
130.5 {17 398)
135.5 {18 065)

2 Standard deviation (pooled estimate) = 13.7 mm Hg (1 826 Pa).

Table 8. Mean systolic blood pressure (in mm Hg with pascal equivalent in parentheses) by age group and tertile levels of
perceived stress arising from financial problems.?

Age group (years)

Perceived All ages
stress <35 35—44 45—54 >54

Low 124.1 (16 545) 126.7 (16 892) 133.0 {17 732) 136.4 (18 185) 128.3 (17 105)
Medium 122.5 (16 332) 123.7 (16 492) 129.6 (17 278) 137.0 (18 265) 124.5 (16 598)
High 122.9 (16 385) 126.1 (16 812) 122.1 (16 278) 135.9 (18 118) 123.8 (16 505)

a Standard deviation (pooled estimate) = 14.0 mm Hg (1 866 Pa).
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On the basis of these results a multiple linear re-
gression model was fitted with systolic blood pressure
as the dependent variable. The model contained four
main =ffects (age group, occupational category, body
mass index, and level of perceived stress arising from
financial problems), and the interaction effect of age
with occupation. The categorical independent variables
were recorded as indicator variables. The model ex-
plained 16.7 % of the variance.

The mean level of systolic blood pressure within each
tertile score range of the six work stress factors was
adjusted for age, body mass index, and perceived stress
arising from financial problems with the use of the
coefficients derived from the regression equation. After
adjustment, the mean systolic blood pressure did not
vary appreciably across the three score levels of any
work stress factor (table 9).

In order to confirm that there was no work stress
effect on systolic blood pressure, and no effect of the
interaction of work stress and occupation, the model
was reconstructed, each of the work stress factors and
its interaction with occupational category being added.
The resultant change in each case was negligible and
nonsignificant.

Finally the mean systolic blood pressure, adjusted
for body mass index and the effect of perceived stress
arising from financial problems, was calculated for
each age group within each occupational category,
again with the use of regression coefficients. The re-
sults are given in table 10. In the 45- to 54-year age
group, the adjusted mean systolic blood pressure
ranged from 127 mm Hg (16 932 Pa) for technicians
to 135 mm Hg (17 998 Pa) for administrators. In the
> 54-year age group, the range was from 126 mm Hg
(16 798 Pa) for professionals to 139 mm Hg (18 531
Pa) for tax investigators. The variation was not so
marked in the younger age groups. Overall, the pro-
fessional and technical categories had the lowest sys-
tolic blood pressures. The increase with age was least
in the professional category and greatest in the skilled
trades, other blue-collar, and tax investigator cate-
gories.

Discussion

Initial cross-sectional results from the blood pressure
study indicate appreciable differences in systolic blood
pressure among men of different occupational cate-
gories. These differences could not be explained by
variation in the level of occupational stress perceived
and reported by the men.

These conclusions are presented with two reserva-
tions. First, the results pertain to a cross-sectional sur-
vey of a volunteer population. While the study was not
intended to establish prevalence, the possibility of a
volunteer bias cannot be overlooked; relationships
between occupational variables and systolic blood pres-
sure could differ between volunteers and nonvolun-
teers. The base population from which the subjects
were drawn cannot be enumerated with any accuracy
because major reorganization was taking place within
Telecom and the Taxation Office during the recruit-
ment period (1977—1980). Telecom employs about
92 000 people throughout Australia, about 30 000 of
whom are in New South Wales. However, the 3 390
male and female Telecom subjects in this study all came
from Sydney metropolitan establishments, and the
response rate from these establishments was estimated
to be about 45 %. The response rate from Sydney
branches of the Australian Taxation Office was esti-
mated to be about 35 %. There are few contemporary
data on CHD risk factor distributions in representa-
tive samples of employed persons in Australia. It is

Table 9. Mean systolic blood pressure (in mm Hg with pascal
equivalent in parentheses) by tertile levels of the perceived
work stress adjusted for age, body mass index and perceived
stress arising from financial problems.

Work stress Perceived stress (tertile levels)

factor

Low Medium High
Factor | 126.9 (16918)  126.8 (16 905)  128.1 (17 078)
Factor Il 127.0 (16 932) 127.2 (16 958) 127.3 (16 972)
Factor 11 126.9 (16918)  127.4 (16985)  127.2 (16 958)
Factor IV 127.5 (16998)  127.0 (16932)  127.1 (16 945)
Factor V 127.7 (17025) 127.2 (16 958)  126.8 (16 905)
Factor V! 127.2 (16 958)  127.1 (16 945)  127.3 (16 972)

Table 10. Mean systolic blood pressure (in mm Hg with pascal equivalent in parentheses) by occupational category and age
group, adjusted for body mass index and perceived stress arising from financial problems.

Occupational

Age group (years)

category <35

35—44 45—54 >54

Administrators
Professionals
Technicians
Clerks

Tax investigators
and valuers

Tax assessors
Skilled tradesmen

Other blue-collar
workers

125.8 (16 772)
122.0 (16 265)
124.8 (16 638)
124.4 (16 585)

126.0 (16 798)
124.6 (16 612)
122.4 (16 318)

123.3 (16 438)

125.8 (15 772)
125.5 (16 732)
126.4 (16 852)
125.0 (16 665)

125.9 (16 785)
129.1 (17 212)
123.0 (16 398)

123.6 (16 478)

135.0 (17 998)
128.8 (17 172)
126.9 (16 918)
134.4 (17 918)

133.0 (17 732)
134.4 (17 918)
128.8 (17 172)

130.5 (17 398)

135.0 (17 998)
125.9 (16 785)
133.4 (17 785)
136.0 (18 132)

138.9 (18 518)
135.8 (18 105)
137.8 (18 372)

138.4 (18 452)
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therefore difficult to assess whether this large study
population is representative.

The second reservation concerns the definition and
measurement of occupational stress. Despite much in-
vestigation, the concept of stress remains nebulous.
The experience of stress ranges from the positive no-
tion of challenge to something much more unpleasant,
often surmised to be harmful. Such experience is dif-
ficult to define and measure. The measurement of per-
ceived stress in this study follows the precedent of iden-
tifying potentially stressful elements of worklife and
then asking subjects to rank their reactions (if any) to
these elements. The stressful elements are adverse job
characteristics about which employed people often
complain. They apply in a wide variety of workplaces
but cannot be comprehensive for all workplaces.

The self-report process itself introduces difficulties
of interpretation. There is evidence that personal vari-
ables associated with CHD risk in general, and with
elevated blood pressure specifically, can influence reac-
tions to and self-reported perceptions of adverse ele-
ments in the work environment (28). For example,
elevated resting blood pressure in young men has been
found to be associated with high levels of work satis-
faction and low levels of aggression (indicated by
willingness to reason in conflict situations) (13). Highly
motivated people with low levels of verbal aggression
may underreport adverse or stressful elements in their
work environment. In contrast, people with a known
history of hypertension may seek environmental
“‘causes’” for their disorder and overreport stressful
elements in their work when given the opportunity to
do so on a questionnaire. Hypertensives who are aware
of their diagnosis may have lower levels of psycho-
logical well-being (as measured by selected items from
standard psychological test batteries) than normoten-
sives or hypertensives unaware of their diagnosis, and
labeled hypertensives may have higher rates of ab-
senteeism than hypertensives who do not know that
they have elevated blood pressure (15). The level of
psychological well-being may influence responses to
questions such as those posed in the work response
questionnaire. The relationship between psychologi-
cal well-being and perceived work stress in hyperten-
sives is not clear. It is also unclear whether absenteeism
following labeling as a hypertensive is related to per-
ceptions of stress in the work environment.

The measurement of nonwork distress causes simi-
lar difficulties of interpretation. In this study increasing
levels of reported stress arising from financial prob-
lems were associated with decreasing systolic blood
pressure. The reason for this inverse relationship is a
matter for speculation. Subjects with higher systolic
blood pressure levels were less inclined to report con-
cern over money matters. The possible simple expla-
nation that they were wealthier cannot be tested from
the available data.

Since the setting of protocols for this study, other
approaches to the evaluation of occupational stress,
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such as the measurement of physiological markers,
have been tried (9, 23, 24, 25). It remains to be seen
whether they will offer greater objectivity.

Results from this study on blood pressure reinforce
other observations (11, 16, 21) that there are differ-
ences in CHD risk levels among occupational groups.
The results suggest that, for systolic blood pressure,
a major risk factor, the differences are unlikely to be
due to perceived work stress. This conclusion was
drawn from cross-sectional data on which it was not
possible to examine the influence of such important
variables as the length of time in the job. Forthcoming
prospective data from the study will provide an op-
portunity for exploring relationships between occupa-
tional change, perceived work stress, and CHD risk.
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Appendix 1

Items from the work response questionnaire

The following 34 items from the work response ques-
tionnaire were grouped by principal component anal-
ysis:

1. How much, if any, stress or worry have you had
lately with your job or people at work?

2. How often do you feel under pressure in your

work?

Is your work less satisfying than you would like?

Do you feel insecure about the future of your job?

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

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

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

8. Isyour work less interesting than you would like?
9. Is your work less varied than you would like?
10. Is there too much variation in work rate for your

liking?
11. Is there too little variation in work rate for your
liking?
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McGraw Hill Book C, New York, NY 1975.
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Rose RM, Jenkins CK, Hurst M, Livingston L, Hall RP.
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Rosenman RH, Brand RJ, Jenkins D, Friedman M,
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after 84 years. J Am Med Assoc 233 (1975) 872—877.
Ruchlin HS, Melcher LA, Alderman MH. A compara-
tive economic analysis of work-related hypertension care
programs. J Occup Med 26 (1984) 45—49.

Theorell T, Alfredsson L, Knox S, Perski A, Svensson
J, Waller R. On the interplay between socioeconomic
factors, personality and work environment in the pa-
thogenesis of cardiovascular disease. Scand J Work En-
viron Health 10 (1984) 373—380.

Theorell T, Floderus-Myrhed B. “Workload’’ and risk
of myocardial infarction — A prospective psychosocial
analysis. Int J Epidemiol 6 (1977) 17—21.

Are conflicting demands put on you?

Do management, including your immediate
supervisor, not consult you as often as you would
like on matters that affect you?

Are you required in your work to deal with others
(including the public) more than you care to?
Do you get shown less appreciation than you
would care to receive for good work?

Do youn have more work load than you care to
handle?

Does your work offer less opportunity than you
would like of using skills in which you were
trained?

Do you feel that your job skills may cease to be
of value in a few years?

Do you dislike your work?

How much do you feel that your opportunities
for advancement are not as good as you would
like?

How boring is your work?

Do you have more responsibility than you care
to have for the welfare, safety or security of other
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23.

24.

25.

26.

27.

28.

employees?

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

Do you feel concern about the effects of your
work on your health?

Do you feel that you are paid much less than you
should be in relation to what you do and what
others get?

Do you feel discouraged from making a com-
plaint to your supervisor?

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

Are you dissatisfied with your physical working

Appendix 2

Principal component analysis

Responses to the 34 items from the work response
questionnaire listed in appendix 1 were grouped by
means of principal component analysis, using a program

Table A. Principal

29.
30.

31.

32.

33.

34.

conditions (eg, work space, equipment, ventila-
tion, lighting)?

Are you bothered by noise at work?

Do you feel you cannot get as much counseling
at work as you would like on personal problems
or ill health?

Is work morale poor in your job area?

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

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

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

for principal factoring without iteration from the Statis-
tical Package for the Social Sciences (1). Initially the
program generated orthogonal factors in decreasing

component solution (with varimax rotation) for the work response questionnaire.

Factor loading

Item number Communality
| 1] 1 v \" Vi
1 0.12 0.41 0.56 0.14 ~0.01 -0.07 0.51
2 -0.02 0.26 0.73 0.15 -0.02 -0.00 0.62
3 0.78 0.21 0.12 0.01 0.14 —-0.01 0.69
4 0.21 0.29 0.08 0.17 0.35 -0.11 0.30
5 0.05 0.16 0.11 0.58 -0.15 -0.19 0.43
6 0.01 0.00 0.74 0.18 0.05 0.10 0.59
7 —0.06 -0.01 0.72 0.06 0.02 0.1 0.54
8 0.87 0.11 -0.02 —-0.01 0.13 0.05 0.78
9 0.82 0.10 —0.06 -0.01 0.13 0.09 0.71
10 0.05 0.08 0.31 0.36 0.19 0.00 0.27
11 0.65 0.06 ~0.05 -0.02 0.09 0.06 0.44
12 0.02 0.36 0.61 0.06 0.14 —-0.03 0.52
13 0.14 0.59 0.23 -0.09 0.28 0.02 0.51
14 0.00 0.11 0.10 0.52 0.07 0.15 0.33
15 0.20 0.47 0.19 0.02 0.39 0.13 0.46
16 —-0.02 0.06 0.71 0.25 0.08 0.09 0.59
17 0.47 0.12 0.03 0.02 0.48 -0.00 0.47
18 0.29 0.13 —0.05 0.20 0.47 -0.03 0.37
19 0.76 0.17 0.12 0.13 0.01 —0.01 0.63
20 0.33 0.23 0.04 -0.09 0.62 0.05 0.56
21 0.83 0.13 -0.07 0.03 0.05 0.1 0.73
22 -0.09 0.04 0.12 0.60 0.18 0.08 0.43
23 0.03 0.06 0.25 0.67 0.02 0.10 0.53
24 0.19 0.18 0.35 0.33 0.07 0.19 0.34
25 —0.08 0.10 0.16 0.13 0.67 0.24 0.56
26 0.13 0.64 0.04 0.10 0.18 0.04 0.47
27 0.09 0.51 0.10 0.32 0.07 -0.12 0.40
28 0.17 0.21 0.08 0.03 0.11 0.72 0.61
29 0.05 0.17 0.13 0.1 0.03 0.73 0.59
30 0.16 0.46 0.04 0.22 0.10 0.32 0.40
31 0.37 0.44 0.18 -0.01 0.17 0.23 0.45
32 0.15 0.73 0.12 -0.02 0.13 0.12 0.60
33 0.05 0.57 0.16 0.1 0.03 0.17 0.40
34 0.07 0.40 0.02 0.16 -0.03 0.11 0.20
Proportion of total
variance 135 % 10.3 % 10.0 % 6.3 % 57 % 45 % 50.2 %
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order of importance, and then it made a varimax rota-
tion on six factors. The six-factor solution was chosen
because it accounted for a satisfactory proportion
(50.2 %) of the total variance while at the same time
allowing a coherent interpretation consistent with the
intent of the work response questionnaire.

For the purpose of interpretation an item was con-
sidered to be represented in any given factor if its factor
loading was at least 0.33. From table A, which gives
the factor loadings and communalities, it is evident that
the six factors concentrate upon the following items:

Factor I: items 3, 8, 9, 11, 17, 19, 20, 21, 31

Factor II: items1, 12,13, 15, 26, 27, 30, 31, 32, 33,
34

Factor III: items 1, 2, 6, 7, 12, 16, 24

Received for publication: 6 November 1985

Factor IV: items 5, 10, 14, 22, 23, 24
Factor V: items 4, 15, 17, 18, 20, 25
Factor VI: items 28, 29

The program also generated factor score coefficients
for each item in the six factors. In each item the coef-
ficient was multiplied by the corresponding standard-
ized response value of the individual subject. The
resulting products were then summed over the 34 items
to produce six factor scores for each subject.
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