Cite this article as: BMJ, d0i:10.1136/bmj.38693.435301.80 (published 14 February 2006)

Research

Chronic stress at work and the metabolic syndrome: prospective

study

Tarani Chandola, Eric Brunner, Michael Marmot

Abstract

Objectives To investigate the association between stress at work
and the metabolic syndrome.

Design Prospective cohort study investigating the association
between work stress and the metabolic syndrome.

Participants 10 308 men and women, aged 35-55, employed in
20 London civil service departments at baseline (the Whitehall
II study); follow-up was an average of 14 years.

Main outcome measures Work stress based on the iso-strain
model, measured on four occasions (1985-99). Biological
measures of the metabolic syndrome, based on the National
Cholesterol Education Program definition, measured in 1997-9.
Results A dose-response relation was found between exposure
to work stressors over 14 years and risk of the metabolic
syndrome, independent of other relevant risk factors.
Employees with chronic work stress (three or more exposures)
were more than twice as likely to have the syndrome than those
without work stress (odds ratio adjusted for age and
employment grade 2.25, 95% confidence interval 1.31 to 3.85).
Conclusions Stress at work is an important risk factor for the
metabolic syndrome. The study provides evidence for the
biological plausibility of the link between psychosocial stressors
from everyday life and heart disease.

Introduction

Stress at work has been linked with coronary heart disease in ret-
rospective and prospective studies.' * The biological mechanisms
remain unclear’ Plausible pathophysiological mechanisms
involve direct neuroendocrine effects and indirect effects
mediated by adverse health behaviours."

The metabolic syndrome is a cluster of risk factors that
increases the risk of heart disease and type 2 diabetes.’
Characteristics of the metabolic syndrome are abdominal
obesity, atherogenic dyslipidaemia (raised triglycerides, small low
density lipoprotein particles, and low concentrations of high
density lipoprotein cholesterol), high blood pressure, insulin
resistance (with or without glucose intolerance), and prothrom-
botic and proinflammatory states (table 1). Previous studies
found a social gradient in work stress and the metabolic
syndrome,” ’ suggesting that the social gradient in the metabolic
syndrome and heart disease could in part be explained by
greater exposure to work stress among less advantaged social
groups. Cross sectional studies have linked work stress with com-
ponents of the syndrome,”' but this association is not
consistent." ™

A major limitation of previous studies is the lack of informa-
tion on the duration of exposure to work stress. Repeated meas-
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urements of work stress over a person’s career provide a more
accurate representation of exposure to psychosocial stress, and
its cumulative effect on health."” Here, we report the association
between work stress (measured in four phases) and the metabolic
syndrome over 14 years of follow-up, and we test the hypothesis
of a dose-response association. If the prospective stress-
metabolic syndrome relation is robust to adjustment for
confounders (such as social position) and potential mediators
(such as health behaviours) a stronger causal inference could be
made.

Methods

The Whitehall IT study recruited participants from 20 civil serv-
ice departments in London from 1985 to 1988 (phase 1).
Surveys consisted of postal questionnaires in 1989 (phase 2),
1991-3 (phase 3, which also included a clinical examination),
1995 (phase 4), and 1997-9 (phase 5, which also included a clini-
cal examination). The phase 4 questionnaire collected no infor-
mation on work stress or health behaviours. Full details of the
screening examinations are reported elsewhere.”

Variables
Data on the components of the metabolic syndrome were
collected at phase 5 (1997-9) during the clinical examination,
using the definition of the National Cholesterol Education Pro-
gram (adult treatment panel III) (table 1).” The syndrome was
defined by the presence of three or more risk factors.
Components of the metabolic syndrome were not measured at
baseline. We used obesity (defined as body mass index >30) at
baseline as an indicator of risk for the syndrome.

We measured self reported work stress using the job strain
questionnaire.” Work stress was present when participants’
responses to questions about the job demands were high and

Table 1 Definition of the metabolic syndrome.* Three risk factors need to
be present

Risk factor Defining level
Abdominal obesity (waist circumference)

Men >102 cm

Women >88 cm
Triglycerides >1.69 mmol/l
High density lipoprotein cholesterol

Men <1.03 mmol/l

Women <1.29 mmol/l
Blood pressure >130/>85 mm Hg
Fasting glucose >6.11 mmol/l

*From the National Cholesterol Education Program expert panel on detection, evaluation, and
treatment of high blood cholesterol in adults (adult treatment panel 111).”
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Table 2 Risk factors for having the metabolic syndrome by explanatory variables. Bivariate logistic regression models: complete case analysis

. Men
Explanatory variables

Women . .
Sex interaction*

No of cases/total

Odds ratios (95% CI)

No of cases/total

Odds ratios (95% CI)

Age group, phase 1: 425/4583 172/1869 <0.01
35-39 122/1351 1.00 36/490 1.00
40-44 118/1250 1.05 (0.81t01.37) 28/479 0.78 (0.47t0 1.31)
45-49 88/878 1.12 (0.84 to 1.50) 42/400 1.48 (0.93 to 2.36)
250 97/1104 0.97 (0.731t01.28) 66/500 1.92 (1.25102.94)
>P for linear trend 0.96 <0.01
Employment grade, phase 1: 425/4583 172/1869 0.42
High 160/1909 1.00 13/280 1.00
Intermediate 222/2383 1.12 (0.911t01.39) 62/821 1.67 (0.911to0 3.09)
Low 43/291 1.90 (1.32102.72) 97/768 2.96 (1.631t05.37)
P for linear trend 0.01 <0.01
Work stress, over 4 phases: 216/2433 64/813 0.46
No exposures 146/1777 1.00 42/616 1.00
1 exposure 43/449 1.18 (0.83 t0 1.69) 11/131 1.25 (0.63 to 2.50)
2 exposures 15/125 1.52 (0.87 t0 2.68) 6/48 1.95 (0.78 to0 4.85)
>3 exposures 12/82 1.91 (1.011t03.61) 5/18 5.26 (1.79t0 15.44)
P for linear trend 0.02 <0.01
No fruit and veg, over 4 phases: 345/3854 140/1538 0.75
No exposures 109/1396 1.00 63/716 1.00
1 exposure 69/803 1.11 (0.81t01.52) 24/302 0.89 (0.55to 1.46)
2 exposures 50/596 1.08 (0.76 t0 1.53) 16/222 0.81 (0.46 to 1.42)
>3 exposures 117/1059 1.47 (1.11101.93) 37/298 1.47 (0.96 to 2.26)
P for linear trend 0.01 <0.01
Heavy drinker, over 4 phases: 341/3839 140/1527 0.02
No exposures 231/2940 1.00 132/1357 1.00
1 exposure 44/410 1.41 (1.00to 1.98) 3/109 0.26 (0.08 to 0.84)
2 exposures 19/194 1.27 (0.78 t0 2.08) 1/30 0.32 (0.04 t0 2.37)
>3 exposures 47/295 2.22 (1.58103.12) 4/31 1.37 (0.47 to 3.99)
P for linear trend <0.01 0.26
Current smoker, over 4 phases: 354/3925 146/1580 1.00
No exposures 286/3366 1.00 112/1294 1.00
1 exposure 14/118 1.45 (0.82t02.57) 6/51 1.41 (0.591t03.37)
2 exposures 10/83 1.48 (0.75102.89) 4/35 1.36 (0.47 to 3.93)
>3 exposures 44/358 1.51 (1.08t02.12) 24/200 1.44 (0.90. 2.30)
P for linear trend 0.01 <0.01
No exercise, over 4 phases: 281/3313 99/1201 0.18
No exposures 45/796 1.00 7/90 1.00
1 exposure 59/641 1.69 (1.131t02.53) 6/133 0.56 (0.18t01.73)
2 exposures 44/562 1.42 (0.921t02.18) 7/159 0.55 (0.19t0 1.61)
>3 exposures 133/1314 1.88 (1.32102.67) 79/819 1.27 (0.57 to 2.83)
P for linear trend <0.01 <0.01
Obese, phase 1: 425/4583 172/1869 0.52
No 357/4399 1.00 114/1707 1.00
Yes 68/184 6.64 (4.83109.12) 58/162 7.79 (5.36t0 11.32)
P for linear trend <0.01 <0.01

*Probability that the interaction of sex with the explanatory variable reduces the deviance.

those to questions about decision latitude (job control) were low
(defined as above or below the median score for the measures of
“job demands” and “job decision latitude”). The iso-strain model
is one of several variants of this concept of work stress; this
model hypothesises that socially isolated (that is, no supportive
coworkers or supervisors) high job strain carries the highest risk
for heart disease. Iso-strain is a parsimonious instrument for
measuring and analysing workplace conditions.”” We defined
participants in the lowest third of work social support who
reported job strain (high job demands and low job control) as
having work stress'” and measured the accumulation of exposure
to work stress over the four measurement periods (phases 1, 2, 3,
and 5) by adding together the number of times the participant
was exposed to iso-strain. We defined chronic work stress as
experiencing iso-strain three or more times (>75% of the time)
over the 14 year study period. Participants who lacked work
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stress data at any of the phases of data collection were given a
missing value.

We measured social position using the relative index of
inequality, based on employment grade at baseline. Values of 0
and 1 correspond to subjects who are at the top and bottom of
the socioeconomic hierarchy. The health behaviours (all self
reported) analysed were: current smoking, no daily fruit and
vegetable consumption, heavy alcohol consumption (men >4
units/day, women >3 units/day), and no exercise. We summed
exposure to these health damaging behaviours over the four
measurement periods (phases 1, 2, 3, and 5) and assigned a miss-
ing value to participants who lacked data on a specific health
behaviour at any of the time periods.
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Table 3 0dds ratios (95% confidence intervals) of the metabolic syndrome. Multivariate multiple imputation logistic regression models: non-retired men and

women in the Whitehall 1l cohort at phase 5

Including patients who were obese at baseline

Excluding patients who were obese at baseline

Adjusted for

No of cases/total age+employment grade

Adjusted for age+employment
grade-+health behaviours

Adjusted for age+employment

No of cases/total grade-+health behaviours

Men and women:

No exposures 491/5178 1.00 1.00 388/4881 1.00
1 exposure 134/1253 1.13 (0.70t0 1.82) 1.12 (0.70t0 1.82) 103/1165 1.11 (0.60 to 2.03)
2 exposures 54/383 1.55 (0.85t0 2.85) 1.53 (0.87 to 2.69) 41/356 1.47 (0.74 10 2.92)
>3 exposures 41/220 2.25 (1.31103.85) 2.39 (1.36t04.21) 30/198 229 (1.27104.12)
P for linear trend <0.01 <0.00 0.01
Men:
No exposures 341/3564 1.00 1.00 281/3407 1.00
1 exposure 95/900 1.11 (0.73t0 1.67) 1.11 (0.73 to 1.69) 77/851 1.12 (0.67 t0 1.87)
2 exposures 37/252 1.64 (0.98t02.73) 1.57 (0.92 to 2.65) 31/238 1.56 (0.93 10 2.63)
>3 exposures 32/181 2.01 (0.88104.58) 2.17 (0.92t05.09) 24/166 2.04 (0.86 to 4.85)
P for linear trend 0.03 0.03 0.04
Women:
No exposures 150/1614 1.00 1.00 1071474 1.00
1 exposure 40/353 1.23 (0.40 to 3.74) 1.27 (0.42 to 3.84) 25/314 1.22 (0.28 10 5.37)
2 exposures 17131 1.27 (0.34t04.83) 1.45 (0.451t04.75) 10/118 1.09 (0.15107.94)
>3 exposures 9/39 3.73 (0.88t0 15.75) 3.72 (0.791t0 17.53) 6/32 4.69 (0.79t0 27.86)
P for linear trend 0.23 0.11 0.26
Analysis separate analyses for men and women. Age was a risk factor

We used logistic regression analysis to assess the odds ratios of
the metabolic syndrome for the different explanatory variables
and nested logistic regression models to examine the effect of
adjusting for different explanatory variables. We excluded 70
patients with heart disease (non-fatal myocardial infarction) at
baseline from all the analyses and in some analyses also excluded
the 717 obese (body mass index > 30) patients at baseline, to test
the causal direction from work stress to the metabolic syndrome
and associated obesity.

Missing data and cohort dropout

The first phase of the Whitehall II study (1985-8) comprised
10 308 civil servants. By phase 5 of the study (1997), the partici-
pation rate was 75%, taking into account 488 deaths among the
7357 participants at this stage; 5882 had complete clinical data
on the indicators of the metabolic syndrome.

Our missing data analysis procedures used missing at
random (MAR) assumptions. We used the MICE (multivariate
imputation by chained equations) method of multiple multivari-
ate imputation in STATA.®" We independently analysed 10
copies of the data, each with missing values suitably imputed, in
the multivariate logistic regression analyses. We averaged
estimates of the variables to give a single mean estimate and
adjusted standard errors according to Rubin’s rules.”

A missing value on the work stress measure could indicate
that the data were not available at a particular phase, the partici-
pant dropped out, or the participant was not in employment. In
the last situation, the imputed values for the work stress variables
include non-applicable values for respondents who had retired
from work by phase 5. Hence, we analysed only those
respondents who had not retired by phase 5 (imputed n="7034
out of 10 238) in the multivariate models using the imputed data.
Participants who were in employment and had never
experienced work stress during the 14 years formed the
reference group for the work stress measure for both the
complete cases and imputed analyses.

Results

Table 2 shows bivariate analyses of the association between the
metabolic syndrome and each of the explanatory variables, with
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among women but not men (interaction P <0.01). Both men and
women from lower employment grades were more likely to have
the syndrome. We found a dose-response relation between
exposure to job stress and the syndrome (trend P <0.05 for men;
P<0.01 for women). Men with chronic work stress (three or
more exposures) were nearly twice as likely to develop the meta-
bolic syndrome than those with no exposure to work stress.
Women with chronic work stress were over five times more likely
to have the metabolic syndrome, but they formed a small group
(n=18).

The association between the metabolic syndrome and expo-
sure to health damaging behaviours was stronger among men
than women. Poor diet (no fruit and vegetable consumption),
heavy alcohol consumption, smoking, and physical inactivity
were associated with higher odds of the metabolic syndrome (see
table 2).

Because few men and women had chronic exposure to work
stress (three or more exposures) and the evidence for a sex
difference in the effect of work stress on the metabolic syndrome
was scarce, men and women were combined in the multivariate
analysis of the dose-response effect of work stress. Examination
of the effects of the interaction between sex and the explanatory
variables showed little evidence of sex differences.

Table 3 shows the results of a series of nested multivariate
logistic regression models of the metabolic syndrome. These
models use imputed data. The analyses excluded respondents
with pre-existing heart disease at baseline and those who had
retired at phase 5. In the model with men and women, adjusted
for age and employment grade only, greater exposure to work
stress was significantly associated with increasing odds of the
syndrome. Adjusting for health behaviours did not change the
dose-response association. When we excluded obese men and
women at baseline (using obesity as a proxy indicator of the syn-
drome at baseline), the linear association between work stress
and the metabolic syndrome remained. When we analysed men
and women separately, the pattern of effects was similar,
although for women the small number of cases resulted in a
non-significant association.

The metabolic syndrome showed a social gradient: men and
women in the lowest employment grades had more than double
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Table 4 Risk of having the metabolic syndrome by relative index of
inequality of employment grade. Multivariate multiple imputation logistic
regression models: non-retired men and women in the Whitehall Il cohort at
phase 5

Odds ratio Reduction in log
(95% Cl) P for linear trend  odds from model |
Age+sex (model 1) (1.3;5;33'93) <001
Age+sex+work stress 213 0.01 10.5%
(1.22t0 3.71)
Age+sex+health behaviours 2.04 0.04 15.6%
(1.05 to 3.95)
Age+sex+work 1.86 0.07 26.4%
stress+behaviours (0.96 to 3.61)

the odds of the syndrome than those in the highest grades (odds
ratio 2.33; table 4). When we adjusted the figures for work stress,
the difference in the log odds between the highest and lowest
employment grades was reduced by 11%. Adjusting for health
behaviours reduced the social gradient by around 16%. When
adjusted for health behaviours and work stress the social
gradient was non-significant (P = 0.07).

Discussion

Main findings
Greater exposure to job stress over 14 years was linked to greater
risk of the metabolic syndrome, in a dose-response manner. The
association was robust to adjustment for occupational status and
health behaviours. These prospective findings are evidence of
the biological plausibility of a causal association between chronic
psychosocial stress and the risk of chronic heart disease.
Crucially, by excluding participants who were obese at baseline,
we showed that pre-existing physiological risk is unlikely to
explain the observed association. Furthermore, the social gradi-
ent in the metabolic syndrome is partially explained by work
stress and a larger proportion is explained by health behaviours.
By characterising work stress exposure with multiple
measures, we have conducted an innovative and rigorous study
of the cumulative effect of psychosocial adversity on the cluster-
ing of coronary risk factors. It is unclear whether the
development of risk seen here is due in part to the direct effects
of chronic stress on insulin resistance, resting blood pressure,
and lipoprotein metabolism, although this interpretation is sup-
ported by Whitehall IT and other studies.” > *' We took account of
smoking habit, physical inactivity, poor diet, and excess alcohol
intake with repeated measurements over the course of follow-up.
Each of these adverse health behaviours predicted the risk of the
metabolic syndrome in men and, less consistently, in women, but
there was little evidence that these behaviours mediated or con-
founded the effect of work stress on the risk of developing the
syndrome. The effect of chronic work stress on unhealthy behav-
iours remains a question for future research.

Biology of stress

Prolonged exposure to work stress may affect the autonomic
nervous system and neuroendocrine activity directly, contribut-
ing to the development of the metabolic syndrome. A
case-control study showed that participants in the Whitehall II
study with the metabolic syndrome had raised cortisol and
normetanephrine output, and also had reduced variability in
heartrate.’ Decrements in cardiac autonomic function have been
linked to the metabolic syndrome in other populations and to
low job control and social isolation among men in the Whitehall
II study.’** Psychobiological studies have also shown that
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What is already known on this topic

Stress at work is associated with coronary heart disease, but
the biological mechanisms underlying this association are
unclear

The metabolic syndrome has a social gradient

What this study adds

A dose-response association exists between exposure to
work stress and the metabolic syndrome

The study provides evidence for the biological plausibility
of psychosocial stress mechanisms linking stressors from
everyday life with heart disease

Part of the social gradient in the metabolic syndrome is
explained by chronic exposure to work stress

heightened stress reactivity and impaired recovery after stress,
assessed by blood pressure and inflammatory markers, predict
the five year progression of the metabolic syndrome.” Chronic
psychological stress may reduce biological resilience and thus
disturb homoeostasis. Altered adrenocortical function can influ-
ence hepatic lipoprotein metabolism and insulin sensitivity at
target organs.” * Cortisol is an insulin antagonist, and cortisol
output is increased in the metabolic syndrome.” Low concentra-
tions of high density lipoprotein cholesterol and glucose intoler-
ance have been linked with high basal secretion of cortisol.*”

Limitations

We were not able to analyse incidence because of the lack of data
on all metabolic syndrome components at study baseline. Over-
weight people may be more socially isolated and may find work-
ing conditions more stressful. However, excluding obese
participants at baseline did not change our findings. Missing data
are a common problem in all cohort studies. Although the drop-
out rate between phases 1 and 5 of this study was high, we used
analytical procedures that take account of missing data. The
results using imputed data were in line with the results from the
analysis of the complete cases. Few women had chronic exposure
to work stress, necessitating the analysis of men and women
together.

Conclusions

A dose-response association exists between exposure to work
stress and the metabolic syndrome. Employees with chronic
work stress have more than double the odds of the syndrome
than those without work stress, after other risk factors are taken
into account. The study provides evidence for the biological
plausibility of psychosocial stress mechanisms linking stressors
from everyday life with heart disease.
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This is version 2 of the paper. In this version, the 95%
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