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Introduction
Over the past 2 dccades. studies have

cxamined the relationship between the
organization of work and cardiovascular

--... morbidity and mortality."- A consistent
hinding is that the psychosocial factors of
high psychological job demands and low
control over the work process are associ-
ated with excess cardiovascular dis-

,;...... ..

case.' Studies have found that the high
demand-low control combination ("job
strain) is associated with elevated blood
pressure.,>'l elevations in patterns of

..........

neurohormonal arousal. '.I* left ventricu-
lar mass increases.'3 increases in ventricu-
Iar ectopic activity. l coronarv hecart dis-
case)- Imvocardial infarction ,- 8 1 and
cardiovascular disease mortality risk.'l in
addition to a number of cardiovascular

!,.......

disease risk factors.»-
Resecarch on the psychosocial work

cnvironment has also examined the modify-
ing effects of work social support on the
stress and health relationship.>-' The

........

absence of coworker social support may
interact with job strain to further increase
the risk of cardiovascular discasc morbid-

,-.......

- its and mortalitv24 and total mortality\.:"
However, these findings are contra-

dicted by several studics in which either
no association was found between job
strain and advcrse health outcomcs or the
directionality of the association was con-
trarv to that hypothcsized.3"32 Mcthod-
ological differenccs in dcsign aind in
mcasurement of cxposurc may explain
this contradiction. Research has been
limited with rcspcct to causal infcrcnce
because. with few exccptions. the timc-
depcndent nature of the cxposure proccss
lhas not bccn adequately conceptualized.
measured. or investigated. > v

Exposure status has been deter-
mincd cithcr through sclf-reported ques-

tionnairesQ"l II 13r.1.2.> or by occupation-
ally representative scores derived from
national samples that have been attrib-
uted to subjects in another data set.-. I 4

In both instances, the exposure score
merely reflects the job held at the time of
interview. Thus, earlier studies implicitly
assumed either that work organization
exerts acute, proximal effects on disease
risk or that the exposures associated with
all past occupations were similar to those
associated with the job held at the time of
the interview. Job strain has been shown
to have acute effects on the cardiovascular
system that are mediated by the svmpa-
thetic adrenal medullarv release of cate-
cholamines and subsequent increase in
heart rate and ambulatory blood pressure
during the working day. Whether these
acute reactions translate into long-term
accumulative effects is not vet known.
although several recent studies have shown
that cumulative exposure is associated
with an excess risk of chronic disease.'3
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Work and Cardiovascular Mortality

Assuming that all past exposure condi-
tions are similar to the current occupation
is not justified given the degree of job
change and career mobility present in
modern industrial societies. The present
study was specifically designed to address
the effect of long-term and cumulative
exposure to psychosocial work characteris-
tics on prospective cardiovascular disease
mortality risk.

Methods
Study Population

The study group, consisting of 12 517
currently or previously employed Swedish
men 25 to 74 years of age, was taken from
a random sample of the entire Swedish
population obtained by Statistics Sweden
from the National Registry of Births. The
present group combined four of these
annual samples (1977, 1979, 1980, 1981).
Statistics Sweden collected information
from the men in personal interviews
performed by professional interviewers.
(The 1978 annual survey did not include
information on occupational history and
was not used.) The average response rate
was 80% over the 4 years. This population
has been described extensively else-
where.21'23'28'38

Cardiovascular Outcome Measure

Mortality was obtained by linking
study group records to the National
Death Registry for the years 1977 through
1990. Cardiovascular mortality was ana-
lyzed by combining all deaths for arterio-
sclerotic heart disease, cerebrovascular
disease, and peripheral vascular disease
(all years were standardized to Intema-
tional Classification of Diseases [8th edi-
tion; ICD] codes, 400 through 404, 410
through 414, 427, 430 through 436, and
440 through 445). These ICD codes have
been used in previous studies ofjob strain
and cardiovascular disease mortality be-
cause the pathophysiological effects of
stress exposure have been hypothesized to
adversely affect the process of atheroscle-
rosis, the most significant underlying
source ofboth ischemic and cerebrovascu-
lar-related mortality.' During the fol-
low-up period, there were 521 deaths
attributed to cardiovascular disease.

Measuring Work Environment
Exposure

Occupational histories were ob-
tained for each subject by Statistics Swe-
den. The three-digit international occupa-
tion code was used in coding each job held

by subjects. Job history was limited to the
past five occupations held by the subjects
for at least 2 years, beginning with the
current or most recent occupation. No
information was available during follow-
up. In the interview, a distinction was
made between a job, or a position with a
particular firm, and the more general
occupational career. Individuals remain-
ing in the same three-digit job category
were considered to have kept the same
job, even though they might have changed
firms. This study focused on 25 years of
history in a group of older men who
generally have already achieved career
stability. Occupational history informa-
tion was available for 96% of the total
person-years of this 25-year period.

Psychosocial and physical exposure
scores were assigned by linking each
subject's occupational history with a work
organization exposure matrix. The matrix
was used to assign scores for work control,
psychological job demands, social sup-
port, physical demands, and job hazards
to each year of the subject's career.39A40
(Details of the construction and valida-
tion of this exposure matrix have been
described previously.3940) Use ofjob expo-
sure matrices was initiated in occupa-
tional epidemiology to retrospectively as-
sess exposure intensities over time in
studies of chemical agents.41,42 Although
other psychosocial inference systems have
been used successfully in Europe,43 and
the United States,44 they lack an impor-
tant dimension: exposure time.

The work organization exposure ma-
trix was developed from individual re-
sponses about work organization and
physical environment in the job held at
the time of the Statistics Sweden inter-
views in 1977 and 1979 (n = 12084).
Mean scores were derived for work
control, psychological job demands, work
social support, physical job demands, and
job hazards for 262 occupations. These
scores were calculated separately by sex,
age, and duration of employment in each
of 262 specific occupations. The scores
were linked to each subject's occupational
history and assigned to each year of
working life corresponding to the variety
of specific occupations held. Thus, by.
linking each subject's three-digit history
records with the work organization expo-
sure matrix, sex-, age-, and duration-
specific job variables (described below)
were assigned to each year of employment
in each occupation over the course of the
subject's career. As subjects grew older,
gained more occupational experience,
and/or changed from one occupation to

another, different scores were assigned to
their exposure record. We were able to
successfully link the matrix with 98% of
the research subjects. Two hundred eighty-
five individuals were removed from the
analysis because of errors in the coding of
jobs (nonexistent codes were incorrectly
assigned).

Five work environment variables from
the work organization exposure matrix
were used in this study: work control (a
12-item indicator measuring decision au-
thority and skill discretion on the job),
psychological job demands (a 2-item indi-
cator measuring time pressure and
whether the job is mentally strenuous),
work social support (a 4-item indicator
measuring the availability of social interac-
tion in the workplace), physical job de-
mands (a 5-item indicator measuring the
physical burdensomeness of the job), and
job hazards (a 7-item indicator measuring
exposure to gas, dust, mist, and tempera-
ture extremes). The psychometric proper-
ties of these scales have been reported
elsewhere,2'23'2383945 and the psychoso-
cial measures have been shown to be
predictive of cardiovascular disease and
other forms of chronic illness.21'23'37 The
items used in the psychological job de-
mand scale and the work control scale
were identical to those used in previous
studies of job strain and cardiovascular
disease morbidity and mortality in Swe-
den.6-8,21,28,29

In a validation study, exposure levels
derived from the work organization expo-
sure matrix were found to be strongly
correlated (average r = .60) with self-
reported levels among the same individu-
als.40 Matrix scores of these subjects were
associated with a stepwise increase in
morbidity with a potential stress-related
etiology (cardiovascular disease, digestive
and muscle skeletal disorders) similar to
that observed when using the subject's
own self-reported scores.40 The matrix has
also been applied to several epidemiologi-
cal studies of the psychosocial work
environment and cardiovascular dis-
ease.14'46

Data Analysis
A nested case-control design was

used to analyze the data. Of the case
subjects, 521 died as a result of cardiovas-
cular disease. Incidence density sampling
was used to select 2422 control sub-
jects.47'48 Five controls were randomly
selected for each case subject from the
risk set of subjects who were alive in the
year that the case patient had died. Given
the large number of strata in some cases,
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TABLE 1 -Proportional Distributions of Study Variables In Case and Control
Subjects: 2943 Swedish Men

Case Subjects Control Subjects
(n=521),% (n=2422),% P

Age, y
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70+

Survey year
1977
1979
1980
1981

Social class
Nonmanual
Manual

Education
Higher
Basic

Smoking
No
Yes

Exercise
Yes
No

Parents foreigners
Yes
No

Control
High
Medium high
Medium low
Low

Psychological job demand level
Low
Medium low
Medium high
High

Level of social support
High
Medium high
Medium low
Low

Level of job hazard exposure
Low
Medium low
Medium high
High

Physical job demand level
Low
Medium low
Medium high
High

Years since last worked
0

1
2
3
4
5
6
7
8
9
10
11+

0.19
0.58
1.15
1.34
3.26
6.91

12.28
18.23
25.91
30.13

39.16
29.37
17.27
14.20

40.19
59.81

14.97
85.03

55.16
44.84

77.72
22.28

4.03
95.97

14.20
24.57
29.75
31.48

31.67
29.75
25.14
13.44

19.39
28.21
27.45
24.95

22.84
29.75
24.38
23.03

17.27
27.83
37.04
17.85

16.31
24.57
7.87
4.99
7.49
6.53
5.76
5.37
5.57
3.45
2.30
9.79

.943

.926

.269

.507

.001

.002

.725

.003

.026

.266

.202

.103

.799

0.45
0.50
0.87
1.94
3.84
6.65

11.97
19.45
26.30
28.03

40.71
28.78
16.52
14.00

42.83
57.17

16.14
83.86

68.99
31.01

84.34
15.66

4.38
95.62

20.48
21.06
25.76
32.70

28.12
27.91
25.19
18.79

20.77
31.17
26.47
21.59

26.88
29.60
23.41
20.11

21.10
29.23
32.54
17.13

17.55
26.38
8.30
4.67
7.56
6.85
5.66
5.28
5.53
3.47
2.06
6.69

it was possible to obtain only 4 matched
controls. The risk sets were also con-

structed so that each of the controls
sampled would be matched to the case

subject on the following combination of
characteristics: year of survey (1977, 1979,
1980, 1981), chronological age at time of
interview (ten 5-year age strata), and last
year of employment. The matching vari-
ables were selected in order to adjust for
varying latency periods that might bias or

distort the effect estimates. Since a signifi-
cant proportion of our sample had ceased
working sometime before the beginning
of the follow-up period, it was necessary

to match case subject and controls on this
varying period of time. The incidence
density risk set matching method ensured
that case subjects were compared with
control subjects of the same age who
terminated employment at the same time,
began their mortality follow-up in the
same year, and were followed up for the
same period of time. Data were analyzed
by means of conditional logistic regres-

sion; risk set matching was maintained in
the analysis, following the methods sug-

gested by Checkoway et al.47 The odds
ratios estimated with this approach are

identical to effect estimates obtained with
the proportional hazards model.47-49

Each work variable was divided into
four quartile groups based on the distribu-
tion of that variable in the total study
population: a reference category (the
theoretically lowest exposure group), a

medium low exposure group, a medium
high exposure group, and a high exposure

group.
Each subject's work history was sum-

marized into cumulative exposure periods
beginning with the most recent 5 years
and moving backward in 5-year cumula-
tive intervals (10, 15, 20, 25 years). A total
exposure period (26+) was constructed
by calculating a mean based on complete
occupational history. The means of the
exposure variables and the quartile assign-
ments were recalculated as each addi-
tional interval was included. Although
most of the men were constantly em-

ployed, the small proportion who were

unemployed for one half or more of a

cumulative exposure period were as-

signed a missing value for that entire
period. During the total 25-year exposure
period, it was possible for case and control
subjects to have worked a maximum of
73575 person-years (25 years x 2943).
The actual number of person-years worked
was 70 723 (96% of the maximum pos-

sible). No proportional differences in
person-years worked were found when
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case subjects were compared with con-

trols. Although 19% of case subjects and
controls had been unemployed on at least
one occasion during the previous 25 years,
more than 90% had worked at least 23

years out of 25. Periods of unemployment,

for the most part, occurred during transi-

tions from one occupation to another.

As a data reduction step for the final

multivariable analysis, work variables were

dichotomized such that the reference

category for each variable was compared

with the combination of the other three

exposure quartiles. The effect estimates

for these three quartiles demonstrated an

approximate homogeneity of effect across

strata. The contrasts for the variables are

indicated in the footnotes of Table 3.
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TABLE 2-Conditional Logistic Regression Analysis: Adjusted Relative Risk Estimates for Cardiovascular Disease Mortality

Cumulative Exposure Period,a y

5 10 15 20 25 26+
Work Environment Exposure

Variable Quartile RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl

Control High 1.00 1.00 1.00 1.00 1.00 1.00
Medium high 1.68 1.14,2.49 1.77 1.20, 2.62 1.74 1.17, 2.57 1.58 1.05,2.38 1.56 1.04, 2.37 1.17 0.78,1.77
Medium low 1.56 0.99,2.44 1.79 1.14,2.81 1.65 1.07,2.54 1.76 1.12,2.76 1.82 1.16,2.86 1.23 0.78,1.93
Low 1.46 0.95, 2.25 1.64 1.07, 2.52 1.51 0.98, 2.32 1.48 0.94, 2.32 1.53 0.97, 2.39 1.09 0.68,1.74

Psychological Low 1.00 1.00 1.00 1.00 1.00 1.00
demands Medium low 0.90 0.66,1.24 1.01 0.74,1.38 0.90 0.66,1.51 1.00 0.73,1.37 0.99 0.74,1.33 0.79 0.58,1.37

Medium high 0.93 0.67,1.26 0.88 0.64,1.20 0.91 0.81,1.24 1.04 0.76,1.42 0.85 0.60,1.88 0.73 0.51,1.04
High 0.76 0.52,1.13 0.71 0.48,1.05 0.66 0.44,1.00 0.59 0.38, 0.91 0.61 0.39, 0.93 0.55 0.34, 0.88

Social support High 1.00 1.00 1.00 1.00 1.00 1.00
Medium high 0.98 0.72,1.34 1.14 0.83,1.56 1.04 0.76,1.42 0.90 0.66,1.23 1.14 0.82,1.59 1.09 0.78,1.52
Medium low 0.89 0.64,1.25 0.86 0.62,1.20 0.86 0.62,1.21 0.84 0.60,1.17 0.99 0.71,1.38 1.11 0.80,1.55
Low 0.96 0.68,1.37 1.08 0.76,1.54 1.10 0.72,1.56 1.03 0.72,1.47 1.16 0.81,1.64 1.06 0.74,1.51

Hazards Low 1.00 1.00 1.00 1.00 1.00 1.00
Medium low 1.16 0.83,1.62 1.14 0.82,1.62 1.04 0.74,1.51 1.12 0.79,1.59 1.14 0.82,1.67 1.27 0.86,1.88
Medium high 1.42 0.96,2.10 1.31 0.89,1.94 0.86 0.83,1.83 1.39 0.94,2.06 0.99 0.88,1.92 1.16 0.75,1.79
High 1.39 0.94, 2.06 1.28 0.85,1.93 1.10 0.83,1.90 1.33 0.88, 2.01 1.16 0.92, 2.08 1.37 0.87, 2.15

Physical Low 1.00 1.00 1.00 1.00 1.00 1.00
demands Medium low 1.06 0.72,1.57 1.08 0.73,1.60 0.96 0.65,1.42 0.96 0.65,1.42 1.11 0.75,1.64 1.00 0.65,1.54

Medium high 1.18 0.79,1.74 1.19 0.80,1.76 1.25 0.84,1.88 1.22 0.81,1.84 1.26 0.82,1.94 1.18 0.75,1.85
High 1.24 0.76,1.57 1.15 0.70,1.88 1.05 0.64,1.72 1.14 0.70,1.86 1.22 0.76,1.96 1.03 0.63,1.68

Note. The conditional logistic regression analysis encompassed each work environment exposure variable across all of the 5-year exposure intervals.
Relative risk estimates were adjusted for age, year last worked, survey year, smoking, exercise, education, social class, and nationality. RR = relative risk;
Cl = confidence interval.

aDuration of exposure period before the date of the survey or most recent occupation.

TABLE 3-Dichotomous Multivariable Conditional Logistic Regression Analysis: Adjusted Relative Risk Estimates for
Cardiovascular Disease Mortality

Work Environment Variable

Cumulative Controlb Psychological Demandsc Social Supportb Hazardsd Physical Demandsd
Exposure
Period,a y RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl

5 1.60 1.06,2.41 0.95 0.71,1.24 1.00 0.75,1.34 1.14 0.79,1.65 0.84 0.55,1.45
10 1.83 1.19, 2.82 0.93 0.71,1.22 1.09 0.81,1.46 1.07 0.74, 1.46 0.82 0.52,1.29
15 1.83 1.19, 2.82 0.88 0.67,1.16 1.05 0.78, 1.41 1.03 0.70, 1.52 0.76 0.47,1.22
20 1.71 1.11, 2.63 1.01 0.75, 1.36 0.93 0.69,1.25 1.16 0.78,1.72 0.75 0.47,1.20
25 1.68 1.04, 2.69 0.88 0.66,1.18 1.16 0.86,1.56 1.15 0.76,1.74 0.79 0.47,1.32
26+ 1.10 0.67,1.80 0.76 0.47,1.02 1.10 0.79,1.53 1.32 0.79, 2.20 0.82 0.46,1.45

Note. All five work exposures were considered simuftaneously. Relative risk estimates were adjusted for age, year last worked, survey year, smoking,
exercise, education, social class, and nationality. RR = relative risk; Cl = confidence interval.

aDuration of exposure period before the date of the survey or most recent occupation.
bThe low, medium low, and medium high quartile groups were combined and compared with the high quartile group.
cThe medium low, medium high, and high quartile groups were combined and compared with the low quartile group.
crThe medium low, medium high, and high quartile groups were combined and compared with the low quartile group.
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These dichotomous exposure variables
were introduced into a multivariable
model to consider the effect of all five
work exposures simultaneously.

Interactions were examined by in-
cluding the following two-way interaction
terms in the model: high psychological job
demands and low work control, high
psychological job demands and low social
support, and low social support and low
work control. These interaction terms
were selected a priori on the basis of the
theoretical predictions of the demand-
control and demand-control-support
models.6,28

All of the conditional logistic models
at each stage of the analysis were strati-
fied on age, survey year, and years since
last worked. In addition, five variables
were introduced in all models as covari-
ates: social class (nonmanual vs manual),
education (basic vs higher), smoking
(smoker vs nonsmoker), physical exercise
(sedentary vs fitness-promoting exercise
at least twice a week), and nationality
(parents non-Swedish nationals or other-
wise). The measurement of these vari-
ables has been described in detail else-
where.45,46

Results
The proportional distributions and

differences in the baseline characteristics
between case and control subjects are
shown in Table 1. There were no statisti-
cally significant differences between the
case and control subjects in age distribu-
tion, survey year, social class, education
level, nationality, or years since last
worked. Case subjects were significantly
more likely to be daily smokers and were
less likely to engage in fitness-promoting
exercise. In terms of work exposure
characteristics, Table 1 shows a compari-
son of the proportions of case and control
subjects falling into the four quartiles of
25-year cumulative exposure variables.
Statistically significant differences were
found for the work control and psychologi-
cal job demand variables.

The adjusted odds ratios and 95%
confidence intervals (CIs) for each expo-
sure variable by 5-year cumulative expo-
sure intervals are shown in Table 2. The
relative risk for work control and cardio-
vascular disease mortality was consistently
and significantly elevated. The general
pattern of the findings suggests that high
levels of work control are protective
relative to all other quartiles. In particu-
lar, the relative risks for the two middle
quartiles relative to the high control

quartile were found to range from 1.56 to
1.82. While the relative risk for the lowest
control quartile was also found to be
elevated, it was not consistently significant
across all exposure periods.

Significant elevations in risk for lower
levels of work control were found in each
5-year cumulative exposure interval ex-
cept the 26+ category. (This variable,
based on the total number of years of
exposure information available on each
subject, was not found to be significantly
associated with elevated cardiovascular
disease risk.) Furthermore, the relative
risks for work control were largely homo-
geneous across cumulative exposure inter-
vals.

Statistically significant associations
were found for psychological job de-
mands. The directionality of this associa-
tion was repeatedly found to be opposite
that predicted by the demand-control
formulation: higher levels of psychological
job demands were found to be inversely
associated with cardiovascular disease
risk. In four of the six cumulative expo-
sure intervals examined, the highest level
of psychological job demands was found
to involve the lowest level of cardiovascu-
lar disease mortality risk. These statisti-
cally significant relative risks ranged in
magnitude from 0.55 to 0.66. As distinct
from the findings for work control, the
exposure variable for the total measured
life course was associated with the lowest
risk. No significant associations between
work social support, physical job de-
mands, job hazards, and cardiovascular
disease mortality were observed.

The results of the full conditional
logistic regression model with the five
dichotomous work characteristics (consid-
ered simultaneously after adjustment for
the five covariates and stratification on
age, year last worked, and survey year) are
shown in Table 3. The effect of work
control on cardiovascular disease risk
remained significantly elevated above 1.00
when other work variables were included.
The relative risk for work control defined
as a dichotomous variable ranged from
1.60 to 1.83. As in the earlier stage of the
analysis (Table 2), no significant effects
were found in the total measured expo-
sure period (26+ years). Psychological job
demands were not found to be statistically
significant in the multivariable model.
Social support, job hazards, and physical
job demands were also found not to be
associated with cardiovascular disease
mortality risk.

After the three two-way interaction
terms had been introduced into the

combined main effects model, the only
statistically significant interaction was that
between social support and work control.
Workers exposed to both low control and
low support for 25 years had relative risk
of 2.62 (95% CI = 1.22, 5.61) for cardio-
vascular disease mortality relative to those
exposed to comparable durations of high
control and high support. The excess risk
for the low support and low control
combination was 78% greater than the
multiplicative estimate derived from the
main effects logistic regression model.50
No significant interaction effects were
found for any combination that included
psychological job demands.

Discussion and Conclusions
This study was designed to address

several methodological and conceptual
problems in the work stress field that
House and colleagues36 and we4O had
previously suggested: (1) most studies are
cross sectional with no prospective compo-
nent; (2) both outcome variables and
measures of job characteristics are often
based on self-reports, and therefore asso-
ciations between the two could be due to
methodological similarity; (3) valid health
outcome data are often lacking; (4) small
samples have been studied that are not
representative of larger populations and
are often restricted to male workers; (5)
research has been restricted to relatively
healthy employed workers, and thus those
who might have already left the labor
force as a result of the adverse health
effects of work-related exposures would
not be sampled; and (6) long-term expo-
sure data are lacking in most studies.

The current study addressed a num-
ber of these limitations. The study sample
was representative of the working and
nonworking Swedish male population. It
involved a prospective design with 14
years of follow-up for cardiovascular
disease mortality. Exposure status was not
based on self-report but was estimated
and assigned with objective data derived
from the work organization exposure
matrix. Subjects did report individual
occupational history, which, in validation
studies performed by Statistics Sweden,51
has been found to be quite accurate.
Although the current study was restricted
to men, we have also examined the effects
of work exposure on Swedish women in
other investigations.52"54

The clearest finding of this study is
that men exposed to lower control jobs
have a substantial and statistically signifi-
cant elevated risk for cardiovascular dis-
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ease mortality relative to men with a work
history of high control jobs. Excess cardio-
vascular disease mortality risk associated
with exposure to lower levels of work
control persisted after adjustment for
social class, education, smoking, exercise,
nationality, age, and other adverse psycho-
social and physical work organization
characteristics. To our knowledge, this is
the strongest evidence to date supporting
the hypothesis that low work control is a
risk factor for cardiovascular disease
mortality. Indeed, the relative risks for
low control reported here may be underes-
timates of true risk in that we adjusted for
smoking and exercise, which may be part
of the causal pathway leading to cardiovas-
cular disease (as suggested by several
recent studies22'24). Other biomedical risk
factors, such as elevated blood pressure,
were not adjusted; however, since re-
search has strongly suggested that ele-
vated blood pressure is in the causal
pathway between job strain (or low work
control) and cardiovascular disease, con-
trolling for it would represent overcontrol
and an underestimation of risk.

It is unlikely that this association is
merely due to social class position because
occupational class and educational level
were introduced as covariates in all
logistic models. Moreover, when physical
job demands and hazardous exposures
(variables that are strongly associated
with occupational class position) were
introduced into the multivariable model,
the relative risk estimates for work control
were not affected. Adjustments for major
cardiovascular disease risk factors that
vary by class, such as smoking and
exercise, did not explain away the excess
risk associated with low work control.

The findings for psychological job
demands were not consistent. This vari-
able was found to be protective when
considered by itself in the quartile analy-
sis; when the other work exposure vari-
ables were introduced in the final multi-
variable model, however, the relative risk
became nonsignificant. No statistically
significant interactions between psycho-
logical demand and work control or social
support were found. These findings are
not consistent with earlier studies that
have used the identical demand indicator.
Other studies have found both significant
cardiovascular disease risks associated
with elevated levels of psychological job
demands and significant interactions of
this variable with social support and work
control.6"021'28 Earlier studies that have
used imputed occupational averages of
this demand measure have found associa-

tions with cardiovascular disease, but of a
lower magnitude than those studies that
have used the self-reported version.78 It
should be noted, too, that frequently
demands are combined with control,
making it difficult to ascertain the degree
to which psychological demands, in and of
themselves, contribute to the excess risk
for cardiovascular disease.

These earlier studies also were con-
fined to the demands associated with the
subject's most current occupational expe-
rience, whereas the present study exam-
ined the impact of exposure over a
working life. The disparity in findings may
be due to differences in exposure measure-
ment. More generally, the relative differ-
ences in the degree of exposure misclassi-
fication may have affected the extent to
which each variable emerged as a cardio-
vascular disease risk factor in this study.
Since misclassification is likely to be
nondifferential, relative risk estimates are
likely to be underestimated. Our earlier
analysis does suggest, however, that mis-
classification may be more severe for
psychological job demands and social
support than it is for work control,
physical job demands, and job hazards.40

In our view, the initial psychometric
properties of the 2-item psychological job
demand scale make this instrument a less
robust one than our study's 12-item work
control scale. Because the demands indi-
cator is subjectively worded ("Is your job
psychologically demanding?" and "Is your
job hectic?"), it may be less amendable to
use in an exposure imputation system
designed to measure environmental differ-
ences. Recently, a study that used the US
imputed demand and control scores also
found a pattern similar to that reported
here: an excess cardiovascular disease risk
associated with low control but not with
high demands.55 Clearly, one practical
conclusion of this study is that the basic
measurement of the demand construct
should be improved.

Although the findings of this study do
not support all of the specific theoretical
predictions of the job strain model, the
central importance of work control as a
significant risk factor for cardiovascular
disease is underscored. Previous studies
indicate that approximately 15% to 25%
of the working population can be charac-
terized as being in the high strain risk
group.3'21 The etiological fraction for job
strain in Swedish men has previously been
estimated to be from 7% to 16% for
cardiovascular disease, depending on the
age group investigated.3(P152) In contrast,
in this study 75%s of the Swedish male
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population may be seen to be at some risk
for cardiovascular disease mortality rela-
tive to the "protected" 25% in high
control occupations. The etiological frac-
tion56,57 for low work control in this study
was substantially greater: 35%. Thirty-five
percent of cardiovascular deaths in those
working from the 1950s to the early 1980s
may have been attributable to cumulative
exposure to low control working condi-
tions.56 The magnitude of this attributable
risk and the consistently elevated relative
risks for low control indicate that previous
studies may have underestimated the
health effects of adverse work organiza-
tion. The strong main effects of control
may have been more apparent in this
study because of the long-term cumulative
measure of exposure and the sustained
period of follow-up.

The concept of work control has
been of central importance in a number of
theoretical formulations in the occupa-
tional stress field.5864 It is an essential
dimension linking research on social in-
equalities in health to occupational epide-
miology.6566 Social and psychobiological
researchers such as Gardell and Franken-
haeuser suggested, nearly 2 decades ago,
that work control is a fundamental compo-
nent of the stress process.62 63 The results
of this study support the view that control
over the work process is an important, if
not critical, component of a healthy work
environment. D
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