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There is a cumulating body of evidence
on the association between psychosocial
hazards at work and the physical health of
workers. The job stress model most fre-
quently used is that of job strain.'3 This
model postulates that job strain results from
the joint effects of high job demands and
low job control. Recent publications
increasingly underscore the special impor-
tance of low job control for a range of out-
comes, including cardiovascular disease and
sickness absence.7 Another recently devel-
oped job stress model is that of effort-
reward imbalance.) In this model, there is an
explicit emphasis on individual attributes-

.^.: that is, coping characteristics of high intrin-
sic effort, as defined by the concept of "need
for control."9 Extrinsic efforts, as defined by
a high workload, are also specified. On the
other side, this model also takes three differ-
ent sources of rewards into account: money,
esteem, and occupational status control
(promotion prospects, job security). The
focus is on a negative trade-off between
experienced "costs" and "gains" at work
rather than on specific job task characteris-
tics, as in the job strain model.

In a prospective study among German
blue-collar men, poor promotion prospects
and job insecurity (low rewards) in men
having a high workload and a high need for
control (high efforts) predicted new cardio-

.... vascular events.'0 Thus, worksite-specific
stressful experience has been linked with
stressful experience related to broader
socioeconomic influences of the labor mar-
ket and income distribution. While the two
job stress models clearly differ, there is also
some overlap with respect to the dimen-
sions of extrinsic effort (job demands) and
esteem reward (social support at work)."

Given both the promising results and
the different analytical perspectives of the

two job stress models, more information is
greatly needed on how they compare in
their association with coronary heart dis-
ease, especially if the potentially overlap-
ping dimensions (i.e., extrinsic effort and
esteem reward) are excluded from the com-
parative analysis. The longitudinal phase of
the Whitehall II study of British civil ser-
vants12 allowed us to examine whether cru-
cial components of effort-reward imbalance
and job strain are independently associated
with new reports of coronary heart disease.

Subjects and Methods

Study Population

The Whitehall IL study was set up to
investigate the degree and causes of the
social gradient in morbidity; to study work
characteristics, social support, and addi-
tional factors related to the gradient in mor-
tality; and, importantly, to include women.
In the study, a new cohort of civil servants
was established between 1985 and 1988
(phase 1). All male and female civil ser-
vants between 35 and 55 years of age in 20
London-based civil service departments
were sent an introductory letter and screen-
ing questionnaire and were offered a
screening examination for cardiovascular
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Job Stress and Coronary Heart Disease

diseases. The response rate was 73% and
probably would have been higher, had
about 4% of the civil servants on the lists
provided by the civil service not moved
before the study and thus become ineligible
for inclusion. In total, 10 308 civil servants
were examined: 6895 men (67%) and 3413
women (33%). The participants were
approached again in 1989/1990 (phase 2:
postal questionnaire) and in 1991/1993
(phase 3: postal questionnaire and screening
examination). The participation rates at
these two phases were 79% and 83%,
respectively; 7372 subjects (72%) partici-
pated in all three phases and 9302 subjects
(90%) participated in either phase 2 or
phase 3. The length of follow-up was 5.3
years on average, with a range of 3.7 to 7.6
years. Full details of the screening examina-
tions are reported elsewhere. 12,13

Coronary Heart Disease

Three indicators of coronary heart dis-
ease were analyzed: angina pectoris,
doctor-diagnosed ischemia, or either of
these outcomes. Angina pectoris was meas-
ured by the Rose questionnaire and defined
as pain located over the sternum or in both
the left chest and left arm that is precipi-
tated by exertion, causes the person to stop,
and goes away in 10 minutes or less.'4 Doc-
tor-diagnosed ischemia depended on
whether the subject reported that a general
practitioner or hospital doctor ever sus-
pected or confirmed a heart attack or angina
pectoris.

The outcomes were assessed at all
three phases. Excluding 230 men and 144
women with any coronary heart disease at
phase 1, there were 239 men and 174
women reporting any new coronary heart
disease outcome at phases 2 and 3.

Effort-Reward Imbalance

As there was no original measurement
of effort-reward imbalance at phase 1,
proxy measures (available from the
authors) had to be constructed for the cru-
cial components of the model. In the origi-
nal measurement, adverse personal charac-
teristics of high need for control (high
intrinsic effort) were assessed using a well-
tested scale that contains 29 items.9 These
items measure characteristics such as com-
petitiveness, latent hostility, a high need for
approval, and an excessive work commit-
ment. On the basis of the highest face valid-
ity compared with the original "need for
control" items, 10 items were selected from
the Framingham type A questionnaire'5 and
the Cook-Medley hostility questionnaire'6

for assessment at phase 1. The dimensional-
ity of these 10 items was confirmed with
factor analysis. The three identified
scales-competitiveness (3 items), work-
related overcommitment (4 items), and hos-
tility (3 items)-were considered valid
proxy measures of the original "need for
control" scale.

On the reward side, information was
available on core aspects of occupational
status control, especially on perceived poor
promotion prospects (1 item) and-on objec-
tively determined restricted occupational
mobility ("poor promotion prospects" and
"blocked career"). A blocked career was
determined by a lower than expected current
employment grade level. The expectation
was based on the mean current grade level
for the different grade levels in which sub-
jects started their careers. Job insecurity, a
further important aspect of occupational sta-
tus control, was not assessed at phase 1
because most civil servants were not (yet)
threatened by unemployment (see "Discus-
sion'). Information on financial rewards was
not available. Thus, the effort-reward imbal-
ance in our study reflected a mismatch
between personal characteristics (high
efforts) and occupational career characteris-
tics (low rewards).

Each effort scale was constructed by
summning the scores on the individulal items
and dichotomizing the resulting score
(O = bottom two tertiles and 1= highest ter-
tile). The highest tertile indicated high
efforts. Poor promotion prospects were also
dichotomized using the most adverse tertile
to indicate low rewards. Blocked career was
already a dichotomous variable (low
rewards). The indicators were used to create
the effort-reward imbalance indicator, which
had three categories: 1= neither high efforts
nor low rewards; 2 = either high efforts or
low rewards; and 3 = both high efforts and
low rewards. This indicator reflects the theo-
retically postulated cumulative effect of high
efforts (adverse personal characteristics) and
low rewards (adverse occupational career).

Because the hostility questionnaire
was included in the questionnaire at a later
stage of the first phase, 3790 subjects (37%)
had no hostility score. However, these sub-
jects did not differ from the other group in
their risk of newly reported coronary heart
disease. Furthermore, using an imputation
method did not result in substantially differ-
ent odds ratios (ORs) for the effort-reward
imbalance indicator.

Job Strain

At all three phases, the subjects were
given a questionnaire asking them about the

central components of the job strain model:
high job demands, low job control, and low
work support. The items, which were based
on the job strain questionnaire,217, 8 can be
found elsewhere.5 Furthermore, jobs were
externally assessed at phase 1: in 18 of 20
departments, 140 well-informed personnel
managers provided information on work
pace ("How often does the job involve
working very fast?") and on the level of
control ("How often does the job permit
complete discretion and independence in
determining how, and when, the work is to
be done?"). Detailed information was
obtained on individual jobs because 5766
different jobs were rated and 8838 subjects
occupied them. Both self-reported and
externally assessed work characteristics
were grouped into tertiles.

Job strain was modeled by assigning
subjects who simultaneously scored above
the median of job demands and below the
median ofjob control to the group with job
strain. All others were assigned to the "no
job strain" category. In an alternative strat-
egy, interaction terms of job demands and
job control were introduced into a logistic
regression model with the main compo-
nents. This was done separately for the cat-
egorical and continuous work scales.

Statistical Analysis

Logistic regression analyses were used
to determine whether effort-reward imbal-
ance and job strain at phase 1 were related
to new reports of coronary heart disease
during follow-up (phases 2 and 3). In all
analyses, coronary heart disease cases at
phase 1 were excluded and age and length
of follow-up were controlled for. In a sub-
sequent analysis, effort-reward imbalance
and job strain were controlled for each
other. This model was successively adjusted
for employment grade level, negative affec-
tivity, and classical coronary risk factors,
including smoking (never, stopped, or
smoked I to 10, 11 to 20, or 21 or more cig-
arettes per day), cholesterol (mmol/L),
hypertension according to diastolic
(> 95 mm Hg) or systolic (> 160 mm Hg)
blood pressure or drug treatment for hyper-
tension, and body mass index (kg/M2),
which were all assessed at phase 1. Nega-
tive affectivity, which is the disposition to
respond negatively to questionnaires and
which may inflate correlations between
self-reported work characteristics and self-
reported disease,'9-22 was measured with
the negative affect subscale of the affect
balance scale.23 24 Ordinal variables, such as

employment grade level, were represented
by dummy indicators in the analyses.
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Results

Table 1 shows that women reported
high effort and low reward conditions more

often than men (48% and 41%, respec-

tively). Moreover, men and women in lower
employment grades reported effort-reward
imbalance more often than subjects in
higher grades. This was mainly owing to a

higher prevalence of hostility, a blocked
career, and poor promotion prospects in the
lower grades; work-related overcommitment
and competitiveness were more prevalent in
the higher grades. High job strain was also
somewhat more prevalent among women

than among men (self-reported job strain:
17% and 15%, respectively).

The lowest prevalence ofjob strain was
found in the highest employment grades.

This was primarily owing to the strong asso-

ciation between high job control and high
employment grade level. In the highest
grade level, 60% reported high job control
compared with 5% in the lowest grade. Job
demands were also highest in the higher
grades, reported by 45% compared with
10% in the lowest grade level. Similar
results were found with the external assess-

ments.
Table 2 shows that effort-reward imbal-

ance is associated with elevated risks of sub-
sequent coronary heart disease. The risk of
coronary heart disease for men and women
who have both high efforts and low rewards
is about three times as high as that for sub-
jects with low efforts and high rewards
(ORs varied from 2.59 to 3.63). Job strain
was not consistently related to new coronary

heart disease reports; only the association
between self-reported job strain and any

coronary heart disease outcome in men was

statistically significant (OR = 1.45). The
interaction terms of job demands and job
control were not statistically significant and
not consistently in the expected direction;
this is primarily because (strong) adverse
effects of high job demands were absent.
Nor did low work support affect the coro-

nary heart disease outcomes. These negative
findings did not change when additional
information from phase 2 was used. Low
job control was, however, consistently
related to new coronary heart disease
reports. Because low job control, as meas-

ured on two occasions (phases 1 and 2), was
earlier found to have cumulative effects on

new coronary heart disease at phase 3,5 sub-
sequent analyses will use the mean of
phases 1 and 2 job control to predict new
coronary heart disease outcomes at phase 3.
(Coronary heart disease cases at phases 1

and 2 were excluded in these analyses.)
The interaction terms between sex and

effort-reward imbalance or job control were
not statistically significant, so all further
analyses were based on the total sample and
sex was controlled for in each logistic
regression model. Table 3 shows that both
effort-reward imbalance and low job con-

trol have strong and significant associations
with the coronary heart disease outcomes in
the total sample. Odds ratios of any coro-

nary heart disease outcome were 3.14, 2.04,
and 1.57 for effort-reward imbalance (high
efforts and low rewards), self-reported low
job control, and extemally assessed low job
control, respectively. The association
between job control and doctor-diagnosed
ischemia was somewhat smaller.

70 American Joumnal of Public Health

TABLE 1-Number and Percentage of Men and Women Reporting Effort-
Reward Imbalance and Job Strain at Phase 1, by Employment Grade
Level"

Effort-Reward Job Strain: Job Strain: External
Number Imbalance (%) Self-Report (%) Assessment(%)

Men 6895 41.2 14.7 11.9
Grade level

High 2647 33.3 10.5 7.5
Intermediate 3607 44.4 17.6 13.4
Low 641 55.6 15.8 20.3

Women 3413 48.1 17.2 18.8
Grade level

High 381 36.9 12.4 9.2
Intermediate 1336 37.5 20.4 15.7
Low 1696 60.8 15.7 23.4

aEmployment grades were grouped into three levels: unified grades 1-7 (administrators in
Whitehall I), executive officers, and clerical and office support grades. Professional
grades were classified with the equivalent administrative or executive grade.

TABLE 2-Odds Ratios (ORs)8 and 95% Confidence Intervals (Cis) of New Coronary Heart Disease Reports, by Effort-Reward
Imbalance and Job Strain at Phase I

Men Women

Any Coronary Any Coronary
Angina Diagnosed Heart Disease Angina Diagnosed Heart Disease
Pectoris Ischemia Outcome Pectoris lschemia Outcome

OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)

Effort-reward imbalance
Low efforts and high rewards 1.00 1.00 1.00 1.00 1.00 1.00
High efforts or low rewards 2.13 (0.97, 4.70) 2.13 (0.75, 6.03) 2.12 (1.05, 4.27) 2.08 (0.63, 6.84) 1.45 (0.18, 11.6) 2.41 (0.74, 7.91)
High efforts and low rewards 2.59 (1.17, 5.73) 3.63 (1.30,10.2) 2.98 (1.48, 5.99) 3.14 (0.96,10.3) 3.10 (0.40, 23.8) 3.59 (1.10, 11.7)

Number (events) 3751 (129) 3910 (97) 3724 (178) 1589 (110) 1687 (30) 1588 (125)

Job strain (self-reported) 1.40 (0.93, 2.10) 1.16 (0.70,1.94) 1.45 (1.03, 2.06) 1.01 (0.65,1.58) 1.89 (0.90, 3.99) 1.14 (0.76,1.72)
Number (events) 4817 (168) 5027 (118) 4784 (227) 2116 (141) 2247 (35) 2116 (160)

Job strain (external assessment) 0.91 (0.53,1.57) 1.18 (0.65, 2.14) 1.03 (0.66,1.61) 1.27(0.81,1.98) 0.97 (0.40, 2.39) 1.22 (0.80,1.86)
Number (events) 4169 (149) 4351 (106) 4143 (204) 1839 (122) 1958 (32) 1841 (140)

aAdjusted for age and length of period between phases 1 and 3; coronary heart disease cases at phase 1 were excluded; new coronary heart
disease reports at phases 2 or 3 were the outcome.
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Subjects with low job control reported
effort-reward imbalance conditions more

often than subjects with high job control
(51% and 36%, respectively). Despite this
association, both characteristics were par-

tially independently associated with new

reports of any coronary heart disease out-
come (Table 4). The odds ratios only mar-

ginally decreased when job control and
effort-reward imbalance were simultane-
ously adjusted for (model 2). Additional
adjustments for employment grade level,
negative affectivity, and coronary risk fac-
tors only marginally affected the odds ratios
for the work characteristics. When grade
was controlled for, the odds ratios for self-
reported low job control increased strik-
ingly (from 2.04 to 2.44). This was caused
not by any unexpected direction of the
underlying associations but by the combi-
nation of a relatively small number of
events (115) with strong associations
between low job control, low grade, and
effort-reward imbalance. In the fully
adjusted model, subjects with high effort-
low reward conditions had more than twice
the risk of any new coronary heart disease
outcome compared with their counterparts
without such conditions (OR = 2.15). Low
job control had independent effects on new

coronary heart disease reports because the
odds ratios in the fully adjusted model were

2.38 and 1.56 for self-reported low job con-

trol and extemally assessed low job control,
respectively.

Discussion

The findings in the Whitehall II study
further support the predictive validity of
components of two alternative job stress
models-the effort-reward imbalance
model and the job strain model-for coro-

nary heart disease morbidity. In the latter
model, only low job control was related to
new reports of coronary heart disease.
Hence, subjects experiencing high effort
and low reward conditions and subjects
with low job control had higher risks of
new coronary heart disease than their coun-
terparts in less adverse psychosocial work
environments.

Effort-Reward Imbalance

Subjects experiencing a mismatch
between their personal characteristics and
characteristics of their occupational career

had strongly elevated risks of subsequent
coronary heart disease. More specifically,
competitive, hostile, and overcommitted
subjects experiencing poor promotion
prospects and blocked careers had the high-
est risks. The association between this
effort-reward imbalance indicator and the

coronary heart disease outcomes was pres-

ent after adjustment for employment grade
level, negative affectivity, and coronary risk
factors and was not significantly different in
men and women. These findings corroborate
the results found in male German blue-
collar and middle-management popu-

lations.8 In a previous paper based on the
Whitehall II study, Ferrie and colleagues
found adverse health effects from anticipa-
tion ofjob loss orjob change.25 Their results
may be interpreted as providing further evi-

dence for the importance of "status control"
(job insecurity, poor promotion prospects) in
the effort-reward imbalance model.

Low Job Control

Low job control also increased the
risks of coronary heart disease. However,
neither high job demands nor low social
support nor the interactions between work
characteristics (job strain) were related to
the coronary heart disease outcomes. It is
possible that specific characteristics of our

sample of white-collar workers contributed
to the negative findings for high job
demands and high job strain. High job
demands were more common in the higher
employment grade levels and were posi-
tively associated with high job control,
resulting in a relatively small number of
high strain jobs. Our finding corresponds to
that in the review by Schnall and col-
leagues, in which they concluded that 17 of
25 studies that examined main effects found
significant associations between job control
and cardiovascular outcome, whereas only
8 of 23 studies found significant associa-
tions with job demands.3

The importance of (job) control is fur-
ther elaborated upon by several investiga-
tors.2-28 More details on the association
between self-reported and externally
assessed low job control and coronary heart
disease can be found in another Whitehall H
paper.5 Other reports based on the White-
hall II study have shown the wider predic-
tive validity of low job control as it relates
to sickness absence,7 fibrinogen,29 and psy-

chiatric disorder.24 These results underscore
the view expressed by Johnson and col-
leagues that in the job strain model, it is
control over the work process rather than
high job demands or job strain that increas-
ingly emerges as the main critical compo-
nent of a healthy work environment.6

Alternative Job Stress Models

To our knowledge, this is the first
report that compares components of the
effort-reward imbalance model and the job

American Journal of Public Health 71

TABLE 3-Odds Ratios (ORs)a and 95% Confidence Intervals (Cis) of New
Coronary Heart Disease Reports by Effort-Reward Imbalance at
Phase 1, Self-Reported Job Control (Mean Phases I and 2) and
Externally Assessed Job Control at Phase I In the Total Sample

Angina Diagnosed Any Coronary Heart
Pectoris Ischemia Disease Outcome

OR (95% CI) OR (95% Cl) OR (95% Cl)

Effort-reward imbalanceb
Low efforts and high rewards 1.00 1.00 1.00
High efforts or low rewards 2.06 (1.07, 3.98) 2.00 (0.79, 5.06) 2.17 (1.19, 3.95)
High efforts and low rewards 2.78 (1.44, 5.37) 3.55 (1.42,8.90) 3.14 (1.72, 5.71)

Number (events) 5340 (239) 5597 (127) 5312 (303)

Self-reported job contror
High job control 1.00 1.00 1.00
Intermediate job control 1.36 (0.83, 2.23) 1.39 (0.79, 2.45) 1.61 (1.04, 2.48)
Low job control 2.09 (1.29,3.37) 1 49 (0.81, 2.74) 2.04 (1.32, 3.16)

Number (events) 6565 (132) 6982 (73) 6489 (163)

Extemally assessed job controlb
High job control 1.00 1.00 1.00
Intermediate job control 1.28 (0.91, 1.81) 1.08 (0.68,1.71) 1.26 (0.92,1.71)
Low job control 1.47 (1.77, 2.02) 1.38 (0.74, 2.09) 1.57 (1.17, 2.08)

Number (events) 6003 (271) 6303 (137) 5979(343)

aAdjusted for age, sex, and length of period between phases 1 and 3.
bCoronary heart disease cases at phase 1 were excluded; new coronary heart disease
reports at phase 2 or phase 3 were the outcome.

cMean phases 1 and 2 job control; coronary heart disease cases at phases 1 and 2 were
excluded; new coronary heart disease reports at phase 3 were the outcome.

January 1998, Vol. 88, No. I



Bosma et al.

strain model. Effort-reward imbalance and
low job control were independently related
to the coronary heart disease outcomes.
When these were controlled for one another
and for other potential confounders, the
odds ratio for effort-reward imbalance was

2.15 whereas those for low job control were
2.38 and 1.56 for self-reported and exter-
nally assessed job control, respectively.
This suggests that the further refinement of
job stress theories may benefit from inte-
grating theories on control-related personal
attributes and theories on actual control
over environmental factors, such as daily
tasks (job control) and occupational career

(status control). The cumulative adverse
health impact of low job control and effort-
reward imbalance indicates that both job
stress factors provide supplementary infor-
mation on relevant stressors in the psy-
chosocial work environment.

Conceptual Overlap between Job
Stress Models

Possible conceptual overlap between
the effort-reward imbalance model and
other models needs to be explored in further
studies. First, job demands and work sup-
port from the job strain model closely

resemble extrinsic efforts and esteem
rewards from the effort-reward imbalance
model. However, the effort-reward imbal-
ance model attaches much importance to
the perception and appraisal of adverse
work conditions, whereas the job strain
model focuses attention primarily on the
"objective" psychosocial work environment
(we used both self-reported and objective
measures ofjob control).2

Second, there might be overlap with
hostility, which on its own has been shown
to be strongly related to future coronary

heart disease.30 Although the odds ratios of
our imbalance indicator did not change sub-
stantially when the total 38-item hostility
scale was controlled for, the theoretical and
empirical contribution of hostility to effort-
reward imbalance is worth some further
elaboration. Third, it has also been sug-
gested that the adverse personal characteris-
tics (e.g., competitiveness or hostility) in
the effort-reward imbalance model could be
the result of low job control and high job
demands. If this were the case, controlling
effort-reward imbalance for job control
should have resulted in decreased odds
ratios of the former. However, the odds
ratio for high efforts and low rewards
hardly decreased (from 2.68 to 2.54). More-

over, in a 6.5-year prospective study on

blue-collar workers, an impressive degree
of stability over time was reported for the
"need for control" measures.9'10 Fourth,
proponents of the job strain model have
often referred to the need to expand the job
strain model by including information on

job insecurity (macro-level decision lati-
tude).2 In further studies, the links between
low job control (job strain model) and low
occupational status control (effort-reward
imbalance model) should be elaborated
upon and tested more vigorously.

Further Considerations

Despite our promising findings, some

further considerations need to be taken into
account. First, given the known variability in
angina reporting,31 which has been repli-
cated in our data set, using new reports of
angina pectoris as an indicator of incident
coronary pathology may be problematic.
One might speculate that the underlying
condition has not altered but that the ten-
dency to report it has changed. A new report
of a doctor diagnosis is likely to be a better
indicator of new disease, although other fac-
tors may also influence both recall of diag-
nosis or access to medical care. Preliminary

72 American Joumal of Public Health

TABLE 4-Odds Ratios (ORs) and 95% Confidence Intervals (Cis) of Any New Coronary Heart Disease Outcome by Effort-
Reward Imbalance at Phase 1, Self-Reported Job Control (Mean Phases I and 2), and Externally Assessed Job
Control at Phase 1 in the Total Sample, Adjusted for Age, Sex, and Length of Period between Phases I and 3
(Model 1), Additionally Adjusted for Other Work Characteristic (Model 2), and Model 2 Adjusted for Employment
Grade Level, Negative Affectivity, and Coronary Risk Factors.

Model 2 Separately Adjusted for
Model la Model 2b Employment Negative Coronary Fully

OR (95% CI) OR (95% CI) Grade Level Affectivity Risk Factors Adjusted

Effort-reward imbalancec
Low efforts and high rewards 1.00 1.00 1.00 1.00 1.00 1.00
High efforts or low rewards 1.93 (1.05, 3.55) 1.88 (1.02, 3.45) 1.87 (1.01, 3.44) 1.70 (0.92, 3.13) 1.93 (1.05, 3.57) 1.77 (0.95, 3.28)
High efforts and low rewards 2.68 (1.46,4.91) 2.54 (1.38, 4.67) 2.52 (1.36, 4.65) 2.12 (1.15, 3.91) 2.56 (1.39, 4.72) 2.15 (1.15, 4.01)

N = 4393 (251 events)

Self-reported job controld
High job control 1.00 1.00 1.00 1.00 1.00 1.00
Intermediate job control 2.05 (1.22, 3.44) 2.02 (1.20, 3.39) 2.08 (1.22, 3.53) 1.96 (1.17, 3.37) 2.05 (1.22, 3.44) 2.08 (1.22, 3.55)
Low job control 2.15 (1.26, 3.67) 2.04 (1.19, 3.49) 2.44 (1.37, 4.38) 1.94 (1.13, 3.34) 1.97 (1.15, 3.40) 2.38 (1.32, 4.29)

N = 4702 (115 events)

Externally assessed job controPc
High job control 1.00 1.00 1.00 1.00 1.00 1.00
Intermediate job control 1.53 (1.07, 2.14) 1.52 (1.06, 2.17) 1.52 (1.06, 2.19) 1.51 (1.06, 2.17) 1.52 (1.06, 2.18) 1.53 (1.06, 2.20)
Low job control 1.72 (1.23, 2.02) 1.63 (1.16, 2.28) 1.61 (1.11, 2.33) 1.62 (1.16, 2.27) 1.53 (1.09, 2.15) 1.56 (1.08, 2.27)

N = 4393 (251 events)

Note. Subjects with missing values on any of the variables were excluded from the separate analyses.
aAdjusted for age, sex, and length of period between phases 1 and 3.
bModel 1 additionally adjusted for other work characteristics. Effort-reward imbalance was adjusted for extemally assessed job control
(findings were similar when mean self-reported job control was adjusted for); mean self-reported job control was adjusted for effort-reward
imbalance; externally assessed job control was adjusted for effort-reward imbalance.

cCoronary heart disease cases at phase 1 were excluded; new coronary heart disease reports at phase 2 or phase 3 were the outcome.
dMean phases I and 2 job control; coronary heart disease cases at phases 1 and 2 were excluded; new coronary heart disease reports at
phase 3 were the outcome.
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results show that 87% of subjects reporting a
myocardial infarction at phase 3 had docu-
mented coronary heart disease. Furthermore,
the classic coronary risk factors were related
to both doctor-diagnosed ischemia and
angina pectoris, suggesting that the end-
points do reflect coronary heart disease, not
just reporting bias. Despite the likely differ-
ent levels of sensitivity and specificity of
both endpoints, effort-reward imbalance and
low job control show consistent associations
with both angina and doctor-diagnosed
ischemia. This supports an etiological
hypothesis. Future analyses will examine the
effects of effort-reward imbalance and low
job control on fatal and non-fatal myocardial
infarction and biological mechanisms.

Second, small numbers did not permit
extensive analyses of the associations
between employment grade level, job con-
trol, effort-reward imbalance, and coronary
heart disease. Because the interaction
between grade and any of the job stress fac-
tors was never statistically significant, we
would not expect different effects of work
characteristics among grades. The absence
of "confounding by" or "interaction with"
employment grade level suggests that the
association between work and coronary
heart disease does not depend on employ-
ment grade level. A related issue is the
extent to which work contributes to the
inverse association between employment
grade level and coronary heart disease in
Whitehall II. This is further investigated in
another paper, which concludes that much
of the inverse social gradient in coronary
heart disease incidence in Whitehall II can
be attributed to differences in the psychoso-
cial work environment.32

Third, some further methodological
issues need to be addressed. Although the
three-category effort-reward imbalance
indicator reflects a mismatch between
efforts and rewards, there was no significant
(multiplicative) interaction term between
our proxy measures of efforts and rewards
in the logistic regression analysis. This
should be further elaborated upon using
original effort and reward measures. The
high number of subjects whose effort-
reward imbalance scores were not avail-
able, mainly owing to a delayed inclusion
of the hostility scale in the phase 1 ques-
tionnaire, probably did not bias the results
because these subjects did not differ from
the other group in their risk of newly
reported coronary heart disease. Moreover.
using an imputation method did not result
in substantially different odds ratios for the
effort-reward imbalance indicator. Given
that individuals with effort-reward imbal-
ance, low job control, angina pectoris, and

doctor-diagnosed ischemia at phase 1 had
somewhat lower participation rates at
phases 2 and 3, it is likely that the impact of
effort-reward imbalance and low job con-
trol on newly reported coronary heart dis-
ease is somewhat underestimated in these
analyses. Controlling for whether individu-
als had left the civil service did not affect
the results. Theoretically, infonnation bias
may have caused overestimated odds ratios
in our analyses because a complaining atti-
tude regarding work and health (negative
affectivity) may have resulted in negative
reports about job control, effort-reward
imbalance, and coronary heart disease.33-36
However, because baseline cases were
excluded in a longitudinal setting and nega-
tive affect balance was controlled for, it is
unlikely that negative affectivity biased the
results.1922

Conclusion

Low job control and high cost/low
gain conditions influence the development
of heart disease among men and women
working in British government offices. The
finding that competitive, overcommitted,
and hostile subjects with a less successful
occupational career and low job control
have higher risks of coronary heart disease
underscores the advantage of a job stress
model combining personal and environ-
mental factors. To our knowledge, this is
the first report showing independent effects
on coronary heart disease of components of
two alternative job stress models: the effort-
reward imbalance model and the job strain
model (ob control). FZ
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