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Contribution of job control and other risk factors to social
variations in coronary heart disease incidence

M G Marmot, H Bosma, H Hemingway, E Brunner, S Stansfeld

Summary

Background The first Whitehall Study showed an inverse
social gradient in mortality from coronary heart disease
(CHD) among British civil servants—namely, that there
were higher rates in men of lower employment grade. About
a quarter of this gradient could be attributed to coronary
risk factors. We analysed 5-year CHD incidence rates from
the Whitehall Il study to assess the contribution to the
social gradient of psychosocial work environment, social
support, coronary risk factors, and physical height.

Methods Data were collected in the first three phases of
examination of men and women in the Whitehall Il study.
7372 people were contacted on all three occasions. Mean
length of follow-up was 5-3 years. Characteristics from the
baseline, phase 1, questionnaire, and examination were
related to newly reported CHD in people without CHD at
baseline. Three self-reported CHD outcomes were
examined: angina and chest pain from the Rose
questionnaire, and doctor-diagnosed ischaemia. The
contribution of different factors to the socioeconomic
differences in incident CHD was assessed by adjustment of
odds ratios.

Findings Compared with men in the highest grade
(adminstrators), men in the lowest grade (clerical and
office-support staff) had an age-adjusted odds ratio of
developing any new CHD of 1-50. The largest difference
was for doctor-diagnosed ischaemia (odds ratio for the
lowest compared with the highest grade 2-27). For women,
the odds ratio in the lowest grade was 1-47 for any CHD.
Of factors examined, the largest contribution to the
socioeconomic gradient in CHD frequency was from low
control at work. Height and standard coronary risk factors
made smaller contributions. Adjustment for all these
factors reduced the odds ratios for newly reported CHD in
the lowest grade from 1-5 to 0-95 in men, and from 1-47 to
1-07 in women.

Interpretation Much of the inverse social gradient in CHD
incidence can be attributed to differences in psychosocial
work environment. Additional contributions were made by
coronary risk factors—mainly smoking—and from factors
that act early in life, as represented by physical height.
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Introduction
Inequalities in health are a matter for concern in the UK,
USA, and many European countries. In the UK, such
inequalities have been labelled “variations”, and have
been subject to government enquiry from an NHS
viewpoint.! But the causes and remedies of social
inequalities in health go beyond differentials in health
services,>* and beyond lifestyle. The first Whitehall study
of British civil servants clearly showed an inverse social
gradient in mortality from coronary heart disease (CHD);
the lower the grade of employment, the higher the age-
adjusted mortality rate. About a quarter of this gradient
could be explained by social differentials in smoking,
plasma cholesterol, blood pressure, height, obesity, and
physical activity.” Better measurement might have
explained the gradient further, but much was unexplained
by these established risk factors. We proposed that
psychosocial factors, particularly related to work, may be
important in the generation of the social gradient.®

The Whitehall II study of a new cohort of male and
female civil servants was devised to test this hypothesis.’
The job-strain model has been most influential as a
method to characterise the psychosocial work
environment.® The model postulates that a combination
of high psychosocial demand and low control is related to
cardiovascular risk. However, a 1994 review provided
only partial support for this two-factor model;® the control
dimension is consistently related to cardiovascular risk,
but the demand dimension is not. This finding is
consistent with analyses of data for occupational mortality
in England and Wales from 1970 to 1972. Occupations
characterised by low control were associated with
increased CHD mortality, but those characterised by high
demand were not.°

Analyses of longitudinal data from Whitehall II confirm
the prediction that low control, but not high demand, at
work is associated with increased incidence of CHD,
independently of measures of socioeconomic status,'® and
that low control is associated with higher plasma
fibrinogen concentrations.! Since the importance of low
control at work has been established, the purpose of this
study was to test the hypothesis that low control makes an
important contribution to the generation of the expected
social gradient in incident CHD, in additon to the
potential contribution made by social supports, height (a
possible marker of early life influences), and established
risk factors.

Methods

Study population

The Whitehall II study is based on a cohort of civil servants
examined between 1985 and 1988 (phase 1). All male and
female civil servants, aged between 35 and 55 years in 20
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Angina pectoris Severe chest pain

Doctor-diagnosed ischaemia Any CHD event

Total  Number 0dds ratio Total Number  Odds ratio Total ~ Number  Odds ratio Total  Number Odds ratio
number of cases (95% Cl) number of cases (95% Cl) number of cases  (95% Cl) number of cases (95% Cl)
Men
High grade 1888 61 (3:2%) 1-00* 1840 92 (5:2%) 1-00 1971 49 (2:5%) 1.00%* 1785 139 (7-8%) 1-00*
Intermediate 2405 84 (3-5%) 1-28(0-91-1-81) 2342 131 (5-6%) 1-11 (0-85-1-47) 2500 52 (2-1%) 1-06 (0-71-1-58) 2264 203 (9-0%) 1-25(1-00-1-57)
grade
Low grade 292 15(5-1%) 1.74(0-97-3-11) 277 19 (7-2%) 1-44 (0-87-2:37) 311 15 (5-1%) 2:27 (1-27-4-08) 264 29 (11:0%) 1-50 (0-98-2-29)
Total 4585 160 (3-5%) 4459 245 (5-5%) 4782 116 (2-4%) 4313 371 (8-6%)
Women
High grade 268 17 (6-3%) 1-00 257 13 (5-1%) 1-00 275 4 (1-5%) 1.00 252 24 (9:5%) 1-00%*

Intermediate 853 54 (6-4%) 1-00 (0-57-1-75) 866

grade
Low grade 850  61(7-2%) 1-04(0-59-1-83) 840 69 (8:3%) 1:62 (0-88-3-01) 905
Total 1971 132 (6:7%) 1963 127 (6:5%)

45 (5:2%) 1-02 (0-54-1-92) 907

10 (11%) 0-67 (0-21-217) 822 87 (10-6%)1-12 (0-69-1-79)

25(2:8%) 1-30 (0-44-3-84) 810
2087 39 (1-9%) 1884

113 (14-0%) 1-47 (0-92-2-35)
224 (11-9%)

*Trend test: p<0=05.

Table 1: Age-adjusted odds ratios of new reports of CHD according to employment grade in the Civil Service

London-based Civil Service departments were sent an
introductory letter and screening questionnaire, and were
offered a screening examination for cardiovascular disease. The
overall response rate was 73%, though the true rate is likely to
be higher because 4% of those on the employee list had moved
before the study began, and were thus not eligible for inclusion.
Full details of the examination have been reported elsewhere.” A
total of 10308 people were examined, 6895 men and 3413
women. Participants were approached again in 1989/90 (phase
2: postal questionnaire), and in 1991/93 (phase 3: postal
questionnaire and screening examination). The participation
rate at these two phases was 79% and 83%, respectively; 7372
(72%) participated at all three phases. The length of follow-up
was 5-3 years on average (range 3-7-7-6).

CHD and risk factors

Three indicators of CHD were analysed: angina pectoris from
the Rose questionnaire,'” severe pain across the chest that lasted
half an hour or more, and doctor-diagnosed ischaemia (ie, a
participant’s report that a doctor had diagnosed or suspected a
heart attack or angina pectoris). To be included as a new case,
the participant had to have been free of disease at phase 1, but
to respond positively to one or more of the categories at phase 2
or 3.

Coronary risk factors were measured in standard ways:’
smoking (never, former, current), serum cholesterol (mmol/L),
body-mass index (kg/m?), hypertension (diastolic blood pressure
=95 mm Hg, or systolic blood pressure =160 mm Hg, or
antihypertensive drugs), and physical activity (=1-5 h vigorous
activity per week, <1-5 h either vigorous or moderate activity per
week).

Employment grade, psychosocial work characteristics,

and social support

Employment grades were grouped into three categories: Unified
Grades 1-7 (administrators in Whitehall I), executive officers,
and clerical and office support staff. Professional grades were

classified with the equivalent administrative or executive grade.
Job control was measured by a self-completed questionnaire at
phase 1. Fifteen items deal with decision authority and skill
discretion, and these were combined into an index of decision
latitude or control.”

Social-support measures were derived from the three scales of
the close persons questionnaire:" confiding/emotional support,
practical support, and negative aspects of close relationships
from the closest person. The network measures were
summarised by a scale that measured beyond the household;
this network includes frequency of contact and number of
contacts with friends and relatives, and participation in social
groups.

At baseline, while screening continued, there were additions
to the questionnaire, and 2983 people did not have complete
measures of social support. For these participants, the mean
score of confiding/emotional support, practical support, and
negative aspects of support was substituted for the complete
index. When all missing data were excluded, the (relative)
contribution of work and support measures to the grade gradient
was roughly the same as presented in this paper. Furthermore,
use of phase 2 data with fewer missing values did not result in
different findings.

Statistical analysis

For self-reported job control and social support, we used
tertiles; for height, sex-specific quartiles. Logistic regression
analyses were used to calculate odds ratios of developing new
CHD. Administrators were assigned an odds ratio of developing
CHD of 1, and the other grades were compared with them. All
analyses excluded baseline CHD cases and controlled for age.
The effect of work on the social gradient in CHD incidence was
assessed by inclusion of low control in the model. The effect of
social supports was similarly assessed without work in the
model. The effect of coronary risk factors was assessed without
either work or social supports in the model. Similarly, the effect
was assessed of controlling for height alone. Finally, the effect

Factor Men Women

High grade Intermediate grade Low grade High grade Intermediate grade Low grade
% of participants reporting low job control 8.7 266 779 101 34-8 75-3
Social support (% of participants)
Low confiding/emotional 30-2 36-0 384 24-6 29-0 324
Low practical support 26-3 305 389 316 39-8 357
High negative characteristics 28-8 349 391 32.7 329 35-2
Small social network 240 28-8 364 193 316 34.7
Mean height (cm) 177-4 176-2 1730 165-1 1634 160-8
Coronary risk factors
Current smokers (%) 92 16-0 28-9 137 19-9 28:3
Low physical activity (%) 276 28-4 47-9 46-1 42:3 525
Hypertension (%) 6-9 7-3 135 59 6-1 9-6
Mean cholesterol (mmol/L) 6-0 59 6-0 58 5-8 6-0
Mean body-mass index (kg/m?) 24-5 24-5 25-1 236 24-3 25-3

Table 2: Employment grade and work characteristics, social support, physical height, and coronary risk factors at phase 1
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0dds ratio for new CHD (95% ClI)

Men Women
Height quartile (unadjusted)*
1 (short) 1.00 1.00
2 1-02 (0-77-1-36) 0-85 (0-59-1-23)
3 0-88 (0-66-1-18) 0-52 (0-35-0-78)
4 (tall) 0-65 (0-47-0-88) 0-65 (0-45-0-96)
Height quartile (adjusted for
employment grade)*
1 (short) 1-00 1-00
2 1.05 (0-79-1-41) 0-87 (0-60-1-27)
3 0-91 (0-68-1-23) 0-54 (0-36-0-81)
4 (tall) 0-68 (0-49-0-93) 0-70 (0-47-1-04)

*Quartiles of height (cm): 172-0, 176-2, and 180-9 (men); 158-0, 162-3, and 166-6
(women).

Table 3: Age-adjusted odds ratios of new reports of CHD at
phase 2 or 3 by sex-specific quartiles of height, unadjusted and
adjusted for employment grade at phase 1

on the grade differences in CHD was measured by inclusion of
all four groups of variables—work, social supports, coronary risk
factors, and height—in the model. Tests for trends were
calculated by estimation of the odds ratio for employment grade,
modelled as a continuous variable (six categories).

Results
Table 1 shows the number of men and women by
employment grade, the proportion who developed newly
reported CHD during the follow-up period, and the odds
ratios with high grades assigned a CHD risk of 1. Among
men, all three CHD endpoints show an inverse gradient
in risk by grade of employment. For the combined
endpoint of any CHD event, the odds ratio in the lowest
grade compared with the highest was 1-5. Similarly, in
women, the odds of developing any CHD in the lowest
grade compared with the highest was 1:47. There was no
social gradient in new angina for women. The steepest
gradient was in doctor-diagnosed ischaemia in men.
Table 2 shows the distribution by grade of potential
explanations for the social gradient in CHD frequency.

Low job control was closely linked to position in the
employment hierarchy. In addition, various features of
social support and social networks show less favourable
patterns in lower grades. Among coronary risk factors,
there were clear social gradients in smoking, low physical
activity, and hypertension; small differences in mean
body-mass index; and no grade difference in cholesterol.

Higher-grade men are taller than men in lower grades.
Short height predicted CHD incidence even after
controlling for grade (table 3).

Among men, adjustment for support made little
difference to the grade differences in CHD frequency;
and the grade difference in CHD was largely
independent of height (table 4). Adjustment for job
control reduced the gradient substantially. For example,
the odds of development of any CHD in the lowest
compared with the highest grade was reduced from 1-50
to 1-18. The risk factors also contributed to the CHD
gradient, as shown by the reduction in odds ratio from
1-50 to 1-30 for any CHD in the lowest grade. In the
fully adjusted model, the effects of work, social support,
height, and risk factors were assessed simultaneously. For
any CHD event the odds ratio was reduced from 1-50 to
0-95. For doctor-diagnosed ischaemia, the odds ratio in
the lowest grade after full adjustment was 1-4—a
substantial reduction from 2:27 in the model with age as
the only adjustment.

The results for women were similar to those for men
(table 4). Height made some contribution, but social
support did not contribute to the explanation of the
CHD gradient. For the combined category of any CHD,
the odds ratio in the lowest grade was reduced from 1-47
to 1-23, by adjustment only for work in addition to age,
and to 135 by adjustment for risk factors.

Adjustment for all these factors reduced the odds ratio
to 1:07. The results for doctor-diagnosed ischaemia in
women were probably caused by the small number of
such events in women (n=39).

Employment 0dds ratio for new CHD event in men (95% ClI) 0dds ratio for new CHD event in women (95% ClI)

grade Angina pectoris Severe chest Diagnosed Any CHD event Angina pectoris Severe chest Diagnosed Any CHD event
pain ischaemia pain ischaemia

Age-adjusted

High 1-00%* 1-00 1-00%* 1-00%* 1-00 1-00 1-00 1-00%*

Intermediate 1-28 (0-91-1-81) 1-11(0-85-1-47) 1-06 (0-71-1-58) 1-25(1-00-1-57) 1-00 (0-57-1-75)  1-02 (0-54-1.92) 0-67 (0-21-2-17) 1-12(0-69-1-79)

Low 1.74 (0-97-3:11) 1.44(0-87-2-37) 2:27(1-27-4-08) 150 (0-98-2-29) 1.04 (0-59-1-83) 162 (0-88-3:01) 1.30(0-44-3-84) 1-47 (0-92-2-35)

Work adjusted}

High 1-00 1-00 1-00 1-00 1-00 1-00 1-00 1-00

Intermediate 1-20(0-84-1-72) 1-08 (0-81-1-44) 0-96 (0-63-1-46) 116 (0-92-1-48) 1-04 (0-55-1-98)  0-90 (0-47-1-74) 0-83(0-24-2-86) 0-98 (0-59-1-60)

Low 1-48 (0-77-2:86) 1-18(0:68-2-06) 1-88(0-95-3-73) 1:18(0-74-1-88) 0-99 (0-55-1-78) 1:42(0-71-2-83) 1.57 (0-42-5-77) 1-23(0-72-2:09)

Support adjusted}

High 1-00%* 1-00 1-00% 1-00* 1-00 1-00* 1-00 1-00*

Intermediate 1-19 (0-84-1-68) 1-12(0-85-1-47) 1-02(0-68-1-53) 1-22(0-97-1-53) 1.02(0-58-1-81) 1-09 (0-57-2:06) 0-73(0-22-2-40) 1-16 (0-72-1-88)

Low 1-61(0-89-2:89) 1.40(0-84-2-31) 2:17(1-20-3-91) 1:43(0-93-2:19) 1.07 (0-61-1-90) 1:74(0-93-3-26) 1.37 (0-46-2:20) 1-54 (0-96-2:49)

Height adjusted

High 1-00%* 1-00 1-00 1-00* 1-00 1-00 1-00 1-00

Intermediate 1-25(0-89-1-76) 1-08 (0-82-1-42) 1-02 (0-68-1-52) 1-22(0-97-1-53) 0-96 (0-55-1-69) 1-00 (0-53-1-90) 0-63 (0-19-2-04) 1-08 (0-67-1-75)

Low 1-63(0-90-2:95) 1-32(0-79-2-19) 2-06 (1-13-3-76) 1:40(0-91-2-15) 0-94 (0-53-1-67) 1:55(0-82-2:91) 1.12(0-37-3-37) 1-34(0-83-2:18)

Risk-factor adjusted§

High 1-00%* 1-00 1-00 1-00% 1-00 1-00 1-00 1-00

Intermediate 1-25(0-88-1-76) 1-06 (0-81-1-40) 1-01(0-68-1-52) 1-21(0-96-1-52) 0-92(0-52-1-62) 0-99 (0-52-1-87) 0-67 (0-20-2-20) 1-06 (0-66-1-72)

Low 1-45 (0-80-2:64) 1.27 (0-76-2-11) 2-05(1-11-3-79) 1-30(0-85-2:01) 0-92(0-52-1-62) 1:56 (0-84-2-91) 1.20(0-40-3-62) 1-35(0-84-2:18)

Fully adjusted

High 1-00 1-00 1-00 1-00 1-00 1-00 1-00 1-00

Intermediate 1-07 (0-74-1-54) 1.01(0-75-1-35) 0-84 (0-55-1-30) 1-:07 (0-84-1-37) 0-89 (0-49-1-62)  0-91(0-47-1-77) 0-71(0-20-2-55) 0-94 (0-57-1-55)

Low 1-12 (0-56-2:23) 0-97 (0-55-1-72) 1-49 (0-72-3-07) 0:95(0-59-1-54) 0-85(0-44-1-66) 1-36 (0-67-2:76) 1.18 (0-30-4-62) 1-07 (0-62-1-86)

*p (trend test) <0-05. tJob control and effort-reward imbalance. $Confiding/emotional support, practical support, negative characteristics, social network. §Smoking, serum
cholesterol, body-mass index, hypertension, and physical activity. {Early life, work, support, and risk factors.

Table 4: Age-adjusted odds ratios of new reports of CHD at phase 2 or 3 by employment grade at phase 1, adjusted for work

characteristics, social support, height, and coronary risk factors
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Discussion

As predicted, the specific psychosocial work characteristic
of low control made an important contribution to the
social gradient in incident CHD in the Whitehall II study.
We showed previously that low control in the workplace
was related—independently of employment grade—to 5-
year CHD incidence.” The analyses given here show that
low control is related to employment grade, and appears
to account for much of the grade difference in CHD
frequency in both men and women. Taken together, these
results support the hypothesis that low control is involved
in the process that links socioeconomic status with CHD.

The first Whitehall study, started in the late 1960s,
showed an inverse social gradient in CHD mortality:
clerical officers (low grade) had more than twice the
mortality rate of administrators (high grade).” In
Whitehall II, begun 20 years later, the lowest grade had
age-adjusted CHD incidence 1-5 times higher than the
highest grade. During comparison of the cross-sectional
baseline findings from Whitehall I and Whitehall II, we
commented that the social inequalities in prevalent CHD
had not narrowed in the 20 years that separated the two
studies.” Does the smaller gradient in Whitehall II
compared with the Whitehall study indicate that social
differences are narrowing? This seems unlikely, since
mortality data from England and Wales'*"” and from
Scotland'® show a continued widening of the social gap in
mortality that was evident between the 1970s and 1980s."”
The apparently smaller relative difference in Whitehall 1T
may be a result of the difference between incidence and
mortality rates. The cohort is being followed up for
mortality. Future analyses of Whitehall II data will
provide more detailed insight into the grade-related
differences in incidence, mortality, and case-fatality.

As in the first Whitehall study, the established coronary
risk factors seem to account for less than half the social
gradient. We used height as a marker of persisting
influences—genetic and environmental—from early life;
though, since height is a crude indicator, it may
understate the early life influence.’® The data suggest, as
in the first Whitehall study, that height and social position
are independently related to CHD risk. Taken all
together, work, height, and coronary risk factors appear to
provide a fairly complete account of the reasons for the
higher rates of CHD in men and women in lower grades.

Our findings should be regarded as preliminary because
of the provisional nature of the CHD endpoints, and their
basis on self-reports. However, we have preliminary
evidence that validates the reported doctor-diagnosed
ischaemia. Angina diagnosed by the Rose questionnaire
may be a less reliable indication of CHD in women than
it is in men,"?* which may account for the discrepant
findings for angina in women. As expected, there were
few cases in women of doctor-diagnosed ischaemia, so the
confidence intervals around the odds ratios were wide.
The (relative) contribution of work to the grade/gradient
for severe chest pain in women is also similar to the
findings in men. Since both the exposure variable (low
control) and the outcome (CHD frequency) are based on
self-reports, reporting bias is possible. This bias is most
likely to apply if both measurements are made
simultaneously, but exclusions of baseline CHD cases
makes it less likely. In addition, we showed that low job
control was related to new CHD independently of a
measure of negative affectivity.’® Reporting bias is

therefore unlikely to have overestimated the contribution
of work to the social gradient.

In Whitehall II, we addressed two questions related to
psychosocial work environment. First, is low control at
work related to CHD? Our previously reported analysis
suggests that it is.”” Second, the analysis reported here
suggests that low control contributes to the
socioeconomic gradient in CHD. Both questions are
subject to the same drawback: if low control were nothing
other than an alternative measure of socioeconomic
position, our two conclusions could be wrong. However,
evidence shows that, although they are correlated, low
control and low socioeconomic status are separable.

The association between work and CHD does not
simply result from confounding by socioeconomic status;
a review”?? of 17 studies found the low control-CHD
association in 14. Of the three studies that revealed no
association, Reed and colleagues’ study* was consistent
with the confounding hypothesis in that there was no
association between socioeconomic status and CHD.
However, in the two remaining negative studies (in
Denmark* and the USA*), there was a strong inverse
socioeconomic gradient of CHD. Despite this gradient,
low control at work was not associated with CHD.
Moreover, three studies, in England (Whitehall II)," the
Czech Republic,” and Sweden®* have explicitly adjusted
for socieconomic status and show an independent control
effect on CHD. The control-CHD relation, therefore, is
unlikely to be confounded by socioeconomic status.

The fact that low control predicts CHD independently
of its relation to socioeconomic status decreases the
likelihood that it “explains” the socioeconomic gradient
simply because it is an alternative measure of social status.
There are two other relevant points. First, a whole set of
factors was related to employment grade'—low social
supports, hostility, sedentary lifestyle, and smoking. The
criticism that these factors may be indicators of
socioeconomic status may also be made, but none of
these measures explains the gradient as well as low
control does. Of course, low control might be a better
measure of socioeconomic status than the other factors.
But, second, if this were true, why should low control
account for more of the social gradient in CHD than it
does for sickness absence rates®” or plasma fibrinogen?"!

Residual confounding is possible—ie, people with low
control at work are predisposed in other ways to CHD.
People arrive at their job positions after a lifetime in the
educational and wider social systems, a process that may
be related to development of risk.”* Similarly, people in
different employment grades have different social
environments. In this analysis, and others from Whitehall
II, we have controlled for these factors as much as
possible: physical height, education, social supports,
housing tenure, and car access were taken into account;
we have also shown that work conditions and low control
are related to CHD independently of both these and
coronary risk factors." Even if there is tentative
acceptance that work is the major cause of the social
gradient in CHD incidence in this cohort, some might
argue that civil servants are atypical—a poor argument
given the results of the case-control study from the Czech
Republic.” This study applied the Whitehall II questions
on work to Czech men, and showed that low control was
related to acute myocardial infarction in middle-age, and
that a combination of low control and coronary risk
factors accounted for the higher risk of myocardial
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infarction in men with low education. These results
confirm the importance of psychosocial work
characteristics to the social gradient.

If subsequent incidence data confirm these findings,
they raise a problem: how can psychosocial work
conditions account for much of the socioeconomic
difference in CHD rates, when such differences are also
observed in people beyond working age and in housewives
classified by their husbands’ occupations? The putative
pathophysiological mechanisms by which psychosocial
factors cause CHD involve activation of the autonomic
nervous system and the hypothalamic pituitary adrenal
axis, which in turn leads to metabolic changes that
increase cardiovascular risk.** Work conditions are not the
only way to activate these neuroendocrine pathways: low
control in other areas of life, a self-image of low efficiency,
and hostility may be other social or psychological factors
that activate these pathways. This argument is supported
by the finding that atherosclerosis in cynomolgus
monkeys is accelerated in those of low status,” and that
baboons of low status have higher basal concentrations of
plasma cortisol and lipid disturbances, which suggest
cardiovascular risk.”> Similar metabolic changes have been
observed in Whitehall IT (unpublished).

Our findings build on evidence that psychosocial
factors are important in the aetiology of CHD, since they
suggest that such factors have an important role in the
generation of social inequalities in CHD. Greater
attention to the design of work environments® may be
one important way to reduce inequalities in health.
Contributors
M G Marmot was the principal investigator and author of this paper,
responsible for inception and design. H Bosma did all analyses, and helped
with writing. H Hemingway was the principal adviser on the
cardiovascular endpoints, responded to referees’ comments, and helped
with revisions. E Brunner was a senior investigator, responsible for
biochemical analyses. S Stansfeld, co-principal investigator, gave critical

comments on the paper, and was responsible for organisation of data
collection.

Acknowledgments

We thank all participating civil service departments and their welfare,
personnel, and establishment officers; the Occupational Health and Safety
Agency; the Council of Civil Service Unions; all participating civil
servants; all members of the Whitehall IT study team; and, in particular,
Mandy Feeney.

The study has been supported by grants from the Medical Research
Council, Health and Safety Executive, British Heart Foundation, National
Heart Lung and Blood Institute (2 RO1 HLL36310), Agency for Health
Care Policy Research (5 RO1 HS06516), The New England Medical
Centre: Division of Health Improvement, Institute for Work and Health,
Toronto, Canada, and The John D and Catherine T MacArthur
Foundation Research Network on Successful Midlife Development.
MGM is supported by an MRC research professorship, and HB by a grant
from the EU BIOMED network on Socioeconomic variations in
cardiovascular disease in Europe: the impact of the work environment
(Heart at Work).

References

1 Variations Sub-group of the Chief Medical Officer’s Health of the
Nation Working Group. Variations in health: what can the
Department of Health and the NHS do? London: HMSO, 1996.

2 Black D, Morris JN, Smith C, Townsend P, Whitehead M.
Inequalities in health: the black report: the health divide. London:
Penguin group, 1988.

3 Marmot MG, Bobak M, Davey Smith G. Explanations for social
inequalities in health. In: Amick BC, Levine S, Tarlov AR,
Chapman Walsh D, eds. Society and Health. New York: Oxford
University Press, 1995.

4 Maclntyre S. The patterning of health by social position in
contemporary Britain: directions for sociological research. Soc Sci Med
1986; 23: 393-415.

5 Marmot MG, Shipley M]J, Rose G. Inequalities in death: specific
explanations of a general pattern. Lancer 1984; i: 1003-06.

6 Marmot MG, Theorell T. Social class and cardiovascular disease: the
contribution of work. Int ¥ Health Serv 1988; 18: 659-74.

7 Marmot MG, Davey Smith G, Stansfeld S, et al. Health inequalities
among British civil servants: the Whitehall II study. Lancet 1991; 337:
1387-93.

8 Karasek R, Theorell T. Healthy work: stress, productivity, and the
reconstruction of working life. New York: Basic Books, 1990.

9 Schnall PL, Landsbergis PA. Job strain and cardiovascular disease.
Annu Rev Public Health 1994; 15: 381-411.

10 Bosma H, Marmot MG, Hemingway H, Nicholson A, Brunner EJ,

Stanfeld S. Low job control and risk of coronary heart disease in

the Whitehall II (prospective cohort) study. BM¥ 1997; 314:

558-65.

Brunner EJ, Davey Smith G, Marmot M, Canner R, Beksinska M,

O’Brien J. Childhood social circumstances and psychosocial and

behavioural factors as determinants of plasma fibrinogen. Lancer 1996;

347: 1008-13.

12 Rose GA, Blackburn H, Gillum RF, Prineas R]. Cardiovascular survey

methods. Geneva: WHO, 1982.

Stansfeld SA, Marmot MG. Deriving a survey measure of social

support: the reliability and validity of the close persons questionnaire.

Soc Sci Med 1992; 35: 1027-35.

14 Phillimore P, Beattie A, Townsend P. Widening inequality of health in
northern England, 1981-91. BM¥ 1994; 308: 1125-28.

15 Drever F, Whitehead M, Roden M. Current patterns and trends in
male mortality by social class (based on occupation). Popul Trends
1996: 15-20.

16 McCarron PG, Davey Smith G, Wormesley JJ. Deprivation and
mortality in Glasgow: changes from 1980 to 1992. BMY¥ 1994; 309:
1481-82.

17 Marmot MG, McDowall ME. Mortality decline and widening social
inequalities. Lancet 1986: ii: 274-76.

18 Barker DJ. Fetal origins of coronary heart disease. BM¥ 1995; 311:
171-74.

19 Wenger NK. Gender, coronary disease, and coronary bypass surgery.
Ann Intern Med 1990; 112: 557-59.

20 Wilcosky T, Harris R, Weissfeld L. The prevalence and correlates of

Rose questionnaire angina among women and men in the Lipid

research clinics program prevalence study. Am ¥ Epidemiol 1987; 125:

400-09.

Hlatky MA, Lam LC, Lee KL, et al. Job strain and the prevalence and

outcome of coronary artery disease. Circulation 1995; 92: 327-33.

22 Suadicani P, Hein HO, Gynetelberg F. Are social inequalities as
associated with the risk ischaemic heart disease a result of psychosocial
working conditions? Athersclerosis 1993; 101: 165-75.

23 Alterman T, Shekelle RB, Vernon SW, Burau KD. Decision latitude,
psychologic demand job strain, and coronary heart disease in the
Western Electric study. Am § Epidemiol 1994; 139: 620-27.

24 Reed DM, Lacroix AZ, Karasek RA, Miller D, MacLean CA.
Occupational strain and the incidence of coronary heart disease. Am ¥
Epidemiol 1989; 129: 495-502.

25 Bobak M. Determinants of the epidemic of coronary heart disease in
the Czech Republic. London: London School of Hygiene and Tropical
Medicine, 1996.

26 Johnson JV, Hall EM, Theorell T. Combined effect of job strain and
social isolation on cardiovascular disease morbidity and mortality in a
random sample of Swedish male working population. Scand § Work
Environ Health 1989; 15: 271-709.

27 North F, Syme SL, Feeney A, Head ], Shipley M]J, Marmot MG.
Explaining socioeconomic differences in sickness absence: the
Whitehall I study. BM¥ 1993; 306: 361-66.

28 Power C, Matthews S, Manor O. Inequalities in self-rated health in the

1958 birth cohort: lifetime social circumstances or social mobility?

BMY¥ 1996; 313: 449-53.

Gunnell DJ, Frankel S, Nanchahal K, Braddon FEM, Davey Smith G.

Lifecourse exposure and later disease: a follow-up study based on a

survey of family diet and health in pre-war Britain (1937-39). Public

Health 1996; 110: 85-94.

30 Bjorntorp P. Visceral fat accumulation: the missing link between

psychosocial factors and cardiovascular disease? ¥ Int Med Res 1991;

230: 195-201.

Shively CA, Clarkson TB. Social status and coronary artery

atherosclerosis in female monkeys. Arzerioscler Thromb Vasc Biol 1994;

14: 721-26.

32 Sapolsky RM, Mott GE. Social subordinance in wild baboons is
associated with supressed high density lipoprotein-cholesterol
concentrations: the possible role of chronic social stress. Endocrinology
1987; 121: 1605-10.

33 North FM, Syme SL, Feeney A, Shipley M, Marmot MG.
Psychosocial work environment and sickness absence among British
civil servants: the Whitehall II study. Am ¥ Public Health 1996; 86:
332-40.

—
—

1

W

2

—_

2

=

3

—_

Vol 350 ¢ July 26, 1997

239



