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LIFESTYLE AND HEALTH-RELATED

behaviors are recognized as ma-
jor determinants of morbidity
and mortality worldwide.1-3

Concurrently, there is evidence to sug-
gest that the socioeconomic differ-
ences in morbidity and mortality have
increased.4-6 The higher prevalence of
unhealthy behaviors in lower socioeco-
nomic positions7-9 is seen to be one of
the mechanisms linking lower socio-
economic position to worse health.10,11

Combinations of potentially modifi-
able behavioral factors such as smok-
ing, alcohol consumption, dietary pat-
terns, physical activity, and body mass
index have been shown to explain 12%
to 54% of the socioeconomic differ-
ences in mortality.12-17 In those stud-
ies, health behaviors typically have been
assessed at only 1 point in time, assum-
ing implicitly that they remain con-
stant over time.

However, major changes have oc-
curred in population lifestyles. These
include the decreasing prevalence of
smoking18 and a remarkable increase in
obesity since the 1990s.19 Given that
changes in health behaviors may be so-
cially patterned,20,21 previous studies
with a single assessment of behaviors
may have provided an inaccurate esti-

mation of their contribution to the as-
sociation between socioeconomic fac-
tors and mortality. In this study, health
behaviors over a 24-year period were
used to assess their role when only base-
line measures were used compared with
when measures were repeated over the
follow-up period. We further exam-
ined whether this difference is similarFor editorial comment see p 1199.
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Context Previous studies may have underestimated the contribution of health be-
haviors to social inequalities in mortality because health behaviors were assessed only
at the baseline of the study.

Objective To examine the role of health behaviors in the association between so-
cioeconomic position and mortality and compare whether their contribution differs
when assessed at only 1 point in time with that assessed longitudinally through the
follow-up period.

Design, Setting, and Participants Established in 1985, the British Whitehall II lon-
gitudinal cohort study includes 10 308 civil servants, aged 35 to 55 years, living in Lon-
don, England. Analyses are based on 9590 men and women followed up for mortality
until April 30, 2009. Socioeconomic position was derived from civil service employ-
ment grade (high, intermediate, and low) at baseline. Smoking, alcohol consumption,
diet, and physical activity were assessed 4 times during the follow-up period.

Main Outcome Measures All-cause and cause-specific mortality.

Results A total of 654 participants died during the follow-up period. In the analyses
adjusted for sex and year of birth, those with the lowest socioeconomic position had
1.60 times higher risk of death from all causes than those with the highest socioeco-
nomic position (a rate difference of 1.94/1000 person-years). This association was at-
tenuated by 42% (95% confidence interval [CI], 21%-94%) when health behaviors
assessed at baseline were entered into the model and by 72% (95% CI, 42%-154%)
when they were entered as time-dependent covariates. The corresponding attenua-
tions were 29% (95% CI, 11%-54%) and 45% (95% CI, 24%-79%) for cardiovas-
cular mortality and 61% (95% CI, 16%-425%) and 94% (95% CI, 35%-595%) for
noncancer and noncardiovascular mortality. The difference between the baseline only
and repeated assessments of health behaviors was mostly due to an increased ex-
planatory power of diet (from 7% to 17% for all-cause mortality, respectively), physi-
cal activity (from 5% to 21% for all-cause mortality), and alcohol consumption (from
3% to 12% for all-cause mortality). The role of smoking, the strongest mediator in
these analyses, did not change when using baseline or repeat assessments (from 32%
to 35% for all-cause mortality).

Conclusion In a civil service population in London, England, there was an associa-
tion between socioeconomic position and mortality that was substantially accounted
for by adjustment for health behaviors, particularly when the behaviors were assessed
repeatedly.
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for the 4 health behaviors of smoking,
alcohol consumption, diet, and physi-
cal activity.

METHODS
Study Population

The British Whitehall II cohort was es-
tablished in 1985 to examine the so-
cioeconomic gradient in health and dis-
ease among 10 308 civil servants.22 All
civil servants, aged 35 to 55 years and
working in 20 departments in Lon-
don, England, were invited to partici-
pate by letter and 73% agreed. Base-
line examination (phase 1) took place
during 1985-1988 and involved a clini-
cal examination and a self-adminis-
tered questionnaire containing sec-
tions on demographic characteristics,
health, lifestyle factors, work charac-
teristics, social support, and life events.
Individuals provided informed writ-
ten consent to participate and the Uni-
versity College London ethics commit-
tee approved the study.

Socioeconomic Position

Socioeconomic position is approxi-
mated by the British civil service occu-
pational grade at baseline; a 3-level vari-
able representing high (administrative),
intermediate (professional or execu-
tive), and low (clerical or support)
grades. This measure is a comprehen-
sive marker of socioeconomic circum-
stances and is related to salary, social sta-
tus, level of responsibility at work, and
future pension.23 Administrative grades
in the British civil service represent the
highest grades; administrators run the
different government departments.

Health Behaviors

Data on health behaviors were drawn
from phase 1 (1985-1988), phase 3
(1991-1993), phase 5 (1997-1999),
and phase 7 (2002-2004) of the study.
Smoking status was self-reported
(never, former, or current). Alcohol
consumption was assessed using ques-
tions on the number of alcoholic
drinks (measures of spirits, glasses of
wine, and pints of beer) consumed in
the last week. This was converted to
number of alcohol units (1 unit corre-

sponds to 8 g of alcohol) consumed
per week.24 Participants’ alcohol con-
sumption was categorized as never (0
unit/week), moderate (1-21 units/
week for men, 1-14 for women), and
heavy (�21 units/week for men, �14
for women). Dietary patterns were
assessed via questions on the fre-
quency of fruit and vegetable con-
sumption (8-point scale, ranging from
seldom or never to �2 times per day),
the type of bread (white, brown, or
both), and milk (no, whole, semi-
skimmed, skimmed, other) consumed.
A diet score was calculated and classi-
fied as (1) unhealthy if participants ate
white bread most frequently, con-
sumed whole milk, and ate fruit and
vegetables less than 3 times per
month; (2) healthy if they ate whole-
meal, wheatmeal, or other brown
bread most frequently, did not con-
sume milk or only used skimmed or
other types of milk, and ate fruit and
vegetables daily or 2 or more times per
day; or (3) moderately healthy if their
dietary pattern was in between these 2
descriptions. Physical activity was
assessed at phases 1 and 3 based on
answers to questions about the fre-
quency and duration of participation
in mildly energetic (eg, weeding, gen-
eral housework, bicycle repair), mod-
erately energetic (eg, dancing, cycling,
leisurely swimming), and vigorous
physical activity (eg, running, hard
swimming, playing squash). At phases
5 and 7, the questionnaire was modi-
fied to include 20 items on frequency
and duration of participation in differ-
ent physical activities (eg, walking,
cycling, sports) that were used to com-
pute hours per week of each intensity
level. Participants were classified as
active (�2.5 hours/week of moderate
physical activity or �1 hour/week of
vigorous physical activity), inactive
(�1 hour/week of moderate physical
activity and �1 hour/week of vigorous
physical activity), or moderately active
(if not active or inactive). For 20% of
the participants, data on health behav-
iors were missing at 1 of the follow-up
assessments (phases 3, 5, or 7); miss-
ing data were replaced with data from

1 phase immediately prior or subse-
quent to that phase.

Mortality
A total of 10 297 participants (99.9%)
were successfully traced and have been
followed up for mortality through the
national mortality register kept by the
National Health Services Central Reg-
istry, using the National Health Ser-
vice identification number assigned to
each British citizen. Mortality follow-
up, including the cause of death, was
available until April 30, 2009: a mean
of 19.4 years.

All-cause mortality, cancer mortal-
ity, cardiovascular disease mortality, and
noncancer and noncardiovascular dis-
ease mortality were examined. The In-
ternationalClassificationofDiseases,Ninth
Revision (ICD-9), and 10th Revision (ICD-
10) codes were used to define cancer
(ICD-9 140.0-209.9 and ICD-10 C00-
C97) and cardiovascular disease (ICD-9
390.0-458.9, ICD-10 I00-I99) mortal-
ity. Noncancer and noncardiovascular
disease mortality includes all remain-
ing deaths not classified as cancer or car-
diovascular disease. This embraced vari-
ous causes of death, the most common
being diseases of the respiratory system
(ICD-9 460.0-519.9 and ICD-10 J00-
J99); diseases of the digestive system
(ICD-9 520.0-579.9 and ICD-10 K00-
K93); injuries, poisoning, and external
causes of death (ICD-9 800.0-999.9 and
ICD-10 S00-T98); anddiseasesof thener-
vous system (ICD-9 320.0-389.9 and
ICD-10 G00-G99).

Statistical Analysis

For each socioeconomic position and
health behavior, mortality rates per 1000
person-years and 95% confidence inter-
vals (CIs)25 were calculated for all-
cause, cancer, cardiovascular disease,
and noncancer and noncardiovascular
disease mortality. These rates were stan-
dardized for age at baseline (4-year age
groups) and sex, using the whole ana-
lytical sample as the standard popula-
tion. Subsequently, Cox proportional re-
gression analysis with age as the time
scale was used to estimate the hazard ra-
tios (HRs) and their 95% CIs for the as-
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sociation between socioeconomic posi-
tion and mortality. Of the 9590
participants with information on the 4
health behaviors at baseline, 7344 had
complete data on all health behaviors at
all phases prior to being censored at their
date of death or at the end of follow-up
(April 30, 2009). The remaining 2246
participants were censored at the last
date at which they had complete data (af-
ter imputation) for all health behaviors
in the preceding phases.

In the Cox regression, the first model
included adjustment for sex and year
of birth (model 1). Subsequently, the
4 health behaviors of smoking status,
alcohol consumption, dietary pat-
terns, and physical activity that were as-
sessed at baseline were entered one at
a time and then simultaneously into
model 1. In the second set of analyses,
this procedure was repeated with the
health behaviors assessed at phases 1,
3, 5, and 7 that were entered as time-
dependent covariates. In both these
analyses, the measure of socioeco-
nomic position was used as a continu-
ous 3-level variable. The HR for 1 unit
change was squared to correspond to
the increased risk of mortality in par-
ticipants with the lowest socioeco-
nomic position compared with those
with the highest socioeconomic posi-
tion under the assumption of linearity
of association between socioeconomic
position and mortality.

The mediating role of each health
behavior was determined by the per-
centage reduction in the coefficient
for socioeconomic position after
inclusion of the health behaviors in
question, using the formula: 100 �
(�Model 1 − �Model 1� health behaviors)/(�Model 1).
A 95% CI was then calculated
around the percentage attenuation
using a bias-corrected accelerated
bootstrap method with 2000 resam-
plings.26 The same procedure was
used to test the difference between
adjustment for health behaviors
assessed at baseline and health
behaviors assessed longitudinally. If
the 95% CI did not include 0, the
estimations from the 2 models were
considered to be different.

The proportional hazard assump-
tions for Cox regression models (tested
using Schoenfeld residuals) were not
violated. Statistical tests were 2-sided
and a P value of less than .05 was con-
sidered statistically significant. The
main analysis was performed using Stata
statistical software version 10 (Stata-
Corp, College Station, Texas). Boot-
strap 95% CIs were calculated using SAS
statistical software version 9 (SAS In-
stitute Inc, Cary, North Carolina) using
the %BOOT and %BOOTCI macros.

RESULTS
A total of 707 participants were ex-
cluded from the analysis because they
had missing data on health behaviors
at baseline (smoking: n=89; alcohol
consumption: n = 94; diet: n = 162;
physical activity: n=416; these catego-
ries were not mutually exclusive) and
11 participants were excluded be-
cause they had not been followed-up for
mortality (corresponding to 7% of the
total baseline population). The analy-
sis was based on the remaining 9590
participants (68% male and 32% fe-
male). More of those excluded at base-
line were from the lowest socioeco-
nomic position (39% vs 21%; P� .001).
There were no age differences be-

tween the included and excluded men
(44.3 vs 44.0 years; P=.34), but the
women with missing data were older
(46.7 vs 45.0 years; P� .001). For 5 in-
dividuals, the cause of death was not
known and they were excluded from
the cause-specific analysis.

TABLE 1 shows characteristics of the
study population. There was a marked
social gradient in health behaviors at
baseline. Participants in the lower so-
cioeconomic positions were more likely
to smoke, abstain from alcohol con-
sumption, follow an unhealthy diet, and
be physically inactive and less likely to
consume heavy amounts of alcohol (all
P� .001). Over the total follow-up (data
not shown), the prevalence of smok-
ing decreased from 10.1% to 4.8%
among participants in the highest so-
cioeconomic position and from 29.7%
to 16.5% in the lowest socioeconomic
position. Alcohol abstention changed
little among participants in the high-
est socioeconomic position (from 7.9%
to 7.7%), but increased among partici-
pants in the lowest socioeconomic po-
sition (from 36.3% to 42.2%). The
prevalence of unhealthy diet de-
creased from 5.8% to 1.0% in the high-
est socioeconomic position and from
14.9% to 5.2% in the lowest socioeco-

Table 1. Baseline Characteristics by Socioeconomic Positiona

Characteristics

Socioeconomic Position (N = 9590)

High
(n = 2867)

Intermediate
(n = 4663)

Low
(n = 2060)

Age, mean (SD), y 45.0 (5.8) 43.3 (6.0) 46.0 (6.0)

No. (%) of Participants [SE]
Male sex 2513 (87.7) [0.6] 3429 (73.5) [0.6] 569 (27.6) [1.0]

University degreeb 1473 (56.6) [0.9] 793 (18.8) [0.6] 104 (5.9) [0.5]

Smokers 290 (10.1) [0.6] 845 (18.1) [0.5] 612 (29.7) [1.0]

Alcohol consumption
Never 227 (7.9) [0.5] 745 (16.0) [0.5] 747 (36.3) [1.1]

Heavy 558 (19.5) [0.7] 821 (17.6) [0.6] 142 (6.9) [0.6]

Unhealthy dietc 167 (5.8) [0.4] 507 (10.9) [0.5] 306 (14.9) [0.8]

Physically inactived 189 (6.6) [0.5] 512 (11.0) [0.5] 730 (35.4) [1.1]
aSocioeconomic position is related to salary. Salary range on August 1, 1992, was drawn from employers’ records.

The conversion rate on August 1, 1992, was £1 to US $1.92. High indicates administrative grade (salary range: £25 330-
£87 620); intermediate, professional or executive grade (salary range: £8517-£25 554); and low, clerical or support
grade (salary range: £7387-£11 917). Administrative grades in the British civil service represent the highest grades;
administrators run the different government departments. For all baseline characteristics, the tests for heterogeneity
across socioeconomic position groups were significant (P� .001).

bThe measure of education was available for 89% of the study population and is presented for descriptive purposes
only.

cDefined as eating white bread most frequently, drinking whole milk, and eating fruit and vegetables less than 3 times
per month.

dDefined as performing less than 1 hour per week of moderate physical activity and less than 1 hour per week of vig-
orous physical activity.
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nomic position. However, the preva-
lence of sedentary behavior increased
from 6.6% to 21.4% in the highest so-
cioeconomic position and from 35.4%
to 41.6% in the lowest socioeconomic
position. In terms of relative differ-
ences between the lowest and highest
socioeconomic positions, the changes
in prevalence indicate increased differ-
ences for smoking (from a ratio of 2.9
to 3.4), alcohol abstention (from a ra-
tio of 4.6 to 5.5), and unhealthy diet
(from a ratio of 2.6 to 5.2); there was a
decreased difference for sedentary be-
havior (from a ratio of 5.4 to 1.9).

A total of 654 participants died dur-
ing the 24-year follow-up. The most
common causes of death were cancer
(n=311) and cardiovascular disease
(n=188). TABLE 2 shows age- and sex-
standardized mortality rates per 1000
person-years for all causes, cancer, car-
diovascular disease, and other (non-
cancer and noncardiovascular dis-
ease). There was a graded association
between socioeconomic position and

all-cause, cardiovascular disease, and
other mortality. However, the HR for
cancer mortality for lowest vs highest
socioeconomic position was 1.07 (95%
CI, 0.76-1.52) in a model adjusted for
sex and birth year (a rate difference of
−0.01 per 1000 person-years). Health
behaviors were associated with mor-
tality with the exception of diet for car-
diovascular disease mortality and physi-
cal activity for cancer mortality in which
there was no clear pattern (Table 2).
There was a U-shaped relationship be-
tween alcohol consumption and all-
cause mortality. Participants who ab-
stain from alcohol consumption were
at higher risk for cardiovascular dis-
ease mortality. Those who consumed
heavy amounts of alcohol were at higher
risk for cancer mortality. No further
analyses were performed on cancer
mortality.

Results on the mediating role of
health behaviors are presented in
TABLE 3 for all-cause mortality, TABLE 4
for cardiovascular disease mortality, and

TABLE 5 for noncancer and noncardio-
vascular disease mortality. For all-
cause mortality, the HR for lowest vs
highest socioeconomic position was
1.60 (95% CI, 1.26-2.04) in the model
adjusted for sex and year of birth (a rate
difference of 1.94/1000 person-years).
When health behaviors at baseline
were added to this model, only smok-
ing substantially attenuated the HR
by 32% (95% CI, 21%-70%). When
health behaviors were entered as time-
dependent covariates, the attenuation
for smoking was similar to that using
only the baseline measure but the ex-
planatory power of the other behav-
iors improved substantially. For alco-
hol consumption, it improved by 9%
(95% CI, 0%-25%), for diet by 10%
(95% CI, 0%-28%), and for physical
activity by 16% (95% CI, 4%-39%).
Overall, health behaviors assessed at
baseline explained 42% (95% CI, 21%-
94%) of the association between socio-
economic position and all-cause mor-
tality; this increased to 72% (95%

Table 2. Mortality as a Function of Socioeconomic Position and Health Behaviors at Baseline

All-Cause Mortality Cancer Mortality
Cardiovascular Disease

Mortality Other Mortalitya

No. Rate (95% CI)b No. Rate (95% CI)b No. Rate (95% CI)b No. Rate (95% CI)b

Overall (N = 9590) 654 3.56 (3.29 to 3.84) 311 1.70 (1.52 to 1.90) 188 1.02 (0.89 to 1.18) 155 0.84 (0.72 to 0.98)

Socioeconomic position
High (n = 2867) 191 2.99 (2.48 to 3.60) 94 1.57 (1.20 to 2.06) 52 0.63 (0.48 to 0.83) 45 0.78 (0.52 to 1.17)

Intermediate (n = 4663) 306 3.68 (3.29 to 4.13) 151 1.86 (1.58 to 2.19) 78 0.95 (0.76 to 1.19) 77 0.88 (0.70 to 1.10)

Low (n = 2060) 157 4.93 (4.00 to 6.06) 66 1.56 (1.12 to 2.18) 58 2.21 (1.60 to 3.06) 33 1.16 (0.75 to 1.79)

Difference (low minus high) 1.94 (0.78 to 3.10) −0.01 (−0.68 to 0.66) 1.58 (0.84 to 2.32) 0.38 (−0.22 to 0.98)

Health behaviors
Smoking

Never (n = 4746) 258 2.83 (2.50 to 3.20) 131 1.24 (1.19 to 1.68) 73 0.82 (0.65 to 1.03) 54 0.59 (0.45 to 0.78)

Former (n = 3097) 204 3.16 (2.75 to 3.64) 91 1.41 (1.14 to 1.75) 65 1.01 (0.78 to 1.29) 48 0.74 (0.56 to 1.00)

Current (n = 1747) 192 6.47 (5.60 to 7.47) 89 2.94 (2.37 to 3.63) 50 1.79 (1.35 to 2.37) 53 1.75 (1.33 to 2.30)

Alcohol consumption
Never (n = 1719) 136 4.29 (3.59 to 5.12) 49 1.43 (1.06 to 1.93) 58 1.92 (1.46 to 2.51) 29 0.94 (0.64 to 1.38)

Moderate (n = 6350) 391 3.14 (2.84 to 3.47) 191 1.55 (1.35 to 1.79) 110 0.87 (0.72 to 1.05) 90 0.72 (0.58 to 0.88)

Heavy (n = 1521) 127 4.63 (3.82 to 5.60) 71 2.70 (2.09 to 3.48) 20 0.66 (0.41 to 1.06) 36 1.27 (0.89 to 1.81)

Diet
Healthy (n = 1140) 62 2.85 (2.20 to 3.70) 28 1.25 (0.85 to 1.85) 20 0.98 (0.62 to 1.54) 14 0.62 (0.36 to 1.06)

Moderately healthy (n = 7470) 515 3.56 (3.26 to 3.88) 248 1.72 (1.52 to 1.95) 152 1.05 (0.89 to 1.23) 115 0.79 (0.66 to 0.95)

Unhealthy (n = 980) 77 4.28 (3.41 to 5.38) 35 1.94 (1.39 to 2.72) 16 0.93 (0.56 to 1.53) 26 1.41 (0.96 to 2.09)

Physical activity
Active (n = 1431) 368 3.26 (2.93 to 3.62) 183 1.66 (1.43 to 1.93) 97 0.84 (0.69 to 1.03) 26 0.75 (0.61 to 0.93)

Moderately active (n = 2240) 173 4.03 (3.47 to 4.68) 79 1.83 (1.46 to 2.28) 53 1.25 (0.95 to 1.63) 41 0.96 (0.70 to 1.30)

Sedentary (n = 5919) 113 3.90 (3.17 to 4.80) 49 1.55 (1.13 to 2.13) 38 1.43 (1.01 to 2.04) 88 0.91 (0.59 to 1.41)
Abbreviation: CI, confidence interval.
a Indicates noncancer and noncardiovascular disease.
bThe mortality rates were standardized for age and sex. The rates are per 1000 person-years.
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CI, 42%-154%) when they were en-
tered as time-dependent covariates,
which is a difference of 30% (95% CI,
10%-70%).

The HR for cardiovascular disease
mortality for the lowest socioeco-
nomic position compared with the
highest socioeconomic position was
3.05 (95% CI, 1.94-4.78) in the model
adjusted for sex and year of birth (a rate
difference of 1.58/1000 person-years;
Table 4). Adding smoking to the model
(using the baseline smoking data only
or repeated measures of smoking) re-
duced the HR by 12% (95% CI, 5%-
25%). Of the 4 health behaviors, only
the effect of diet was significantly
greater, which reduced the HR by 10%
(95% CI, 3%-22%), when assessed re-
peatedly through the follow-up pe-
riod. However, all health behaviors
taken together at baseline explained
29% (95% CI, 11%-54%) of the gradi-
ent for cardiovascular mortality and
45% (95% CI, 24%-79%) when they
were entered as time-dependent covar-
iates. Compared with participants in the
highest socioeconomic position, those
in the lowest socioeconomic position
had a greater risk of noncancer and non-
cardiovascular disease mortality (HR,
1.67; 95% CI, 1.01-2.75, which is a rate
difference of 0.38/1000 person-years;
Table 5). Longitudinal assessment of all
4 health behaviors explained 94% (95%
CI, 35%-595%) of this association. The
contribution of health behaviors was
significantly greater only for physical
activity (a difference of 33%; 95% CI,
3%-221%).

It is possible that participants who
died early in the follow-up period did
not benefit from the effect of recent
policies aimed at improving life-
styles. Because this could be a source
of bias in the analyses, all analyses
were repeated with follow-up time as
the time scale and age as a covariate.
These results were not different com-
pared with those using age as the
time scale. All analyses on all-cause
mortality also were repeated includ-
ing only participants with complete
data on health behaviors at all phases
(the results did not differ).

The measure of socioeconomic po-
sition at baseline was used in all analy-
ses because different estimates of the so-
cioeconomic gradient for the baseline
and the longitudinal model would not
allow comparisons to be made for the
effect of health behaviors. However, in

supplementary analyses, the socioeco-
nomic gradient remained the same
throughout the follow-up period. This
was verified by entering the measure of
socioeconomic position as a time-
dependent covariate. In analyses ad-
justed for sex and year of birth, the HRs

Table 3. Role of Health Behaviors in Explaining the Association Between Socioeconomic
Position and All-Cause Mortalitya

Assessment of Health Behaviors
Difference
Between
Baseline

and
Longitudinal

Assessments,
%

Attenuation
(95% CI)c

Baseline (Phase 1) Phases 1, 3, 5 and 7

HR (95% CI)

%
Attenuation
(95% CI)b HR (95% CI)

%
Attenuation
(95% CI)b

Model 1 1.60
(1.26 to 2.04)d

NA 1.60
(1.26 to 2.04)d

NA NA

Plus smoking 1.36
(1.06 to 1.74)

32 (21 to 70) 1.38
(1.08 to 1.76)

35 (19 to 65) −3 (−12 to 3)

Plus alcohol
consumption

1.58
(1.24 to 2.03)

3 (−10 to 17) 1.51
(1.18 to 1.94)

12 (0 to 36) 9 (0 to 25)

Plus diet 1.55
(1.21 to 1.98)

7 (−9 to 21) 1.48
(1.16 to 1.89)

17 (7 to 40) 10 (0 to 28)

Plus physical
activity

1.57
(1.23 to 2.00)

5 (−6 to 19) 1.45
(1.14 to 1.85)

21 (11 to 44) 16 (4 to 39)

Fully adjusted 1.31
(1.02 to 1.69)e

42 (21 to 94) 1.14
(0.89 to 1.47)e

72 (42 to 154) 30 (10 to 70)

Abbreviations: CI, confidence interval; HR, hazard ratio; NA, data not applicable.
aOf a total of 9590 participants in the Whitehall II study, there were 654 deaths.
bPercent attenuation=100� (�Model 1�health behavior(s) − �Model 1)/(�Model 1).
cDifference between the model with repeated assessment compared with the baseline assessment of health behaviors.
dLowest vs highest socioeconomic position, adjusted for sex and year of birth.
e Includes everything in footnote “d” plus all health behaviors.

Table 4. Role of Health Behaviors in Explaining the Association Between Socioeconomic
Position and Cardiovascular Mortalitya

Assessment of Health Behaviors
Difference
Between
Baseline

and
Longitudinal

Assessments,
%

Attenuation
(95% CI)c

Baseline (Phase 1) Phases 1, 3, 5, and 7

HR (95% CI)

%
Attenuation
(95% CI)b HR (95% CI)

%
Attenuation
(95% CI)b

Model 1 3.05
(1.94 to 4.78)d

NA 3.05
(1.94 to 4.78)d

NA NA

Plus smoking 2.67
(1.69 to 4.21)

12 (5 to 24) 2.66
(1.69 to 4.19)

12 (5 to 25) 0 (−3 to 3)

Plus alcohol
consumption

2.57
(1.62 to 4.07)

15 (6 to 31) 2.50
(1.57 to 3.97)

18 (7 to 36) 3 (−6 to 13)

Plus diet 3.16
(2.01 to 4.99)

−3 (−10 to 3) 2.82
(1.79 to 4.46)

7 (−1 to 17) 10 (3 to 22)

Plus physical
activity

2.84
(1.80 to 4.50)

6 (3 to 18) 2.66
(1.69 to 4.19)

12 (4 to 23) 6 (−6 to 19)

Fully adjusted 2.22
(1.37 to 3.58)e

29 (11 to 54) 1.85
(1.15 to 2.98)e

45 (24 to 79) 16 (2 to 38)

Abbreviations: CI, confidence interval; HR, hazard ratio; NA, data not applicable.
aOf 9590 participants in the Whitehall II study, there were 188 deaths attributable to cardiovascular mortality.
bPercent attenuation=100� (�Model 1�health behavior(s) − �Model 1)/(�Model 1).
cDifference between the model with repeated assessment compared with the baseline assessment of health behaviors.
dLowest vs highest socioeconomic position, adjusted for sex and year of birth.
e Includes everything in footnote “d” plus all health behaviors.
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were similar to those reported in the
main analyses (all-cause mortality: HR,
1.54 [95% CI, 1.17-2.02]; cancer mor-
tality: HR, 0.96 [95% CI, 0.64-1.43];
cardiovascular disease: HR, 2.95 [95%
CI, 1.81-4.83]; and noncancer and non-
cardiovascular disease mortality: HR,
1.89 [95% CI, 1.07-3.36]). Further-
more, the role of health behaviors
changed little when both health behav-
iors and the socioeconomic measure
were entered as time-dependent covar-
iates (for all-cause mortality, the at-
tenuation in the association was 67%,
which is comparable with the 72% re-
ported in Table 3).

COMMENT
This study sought to quantify the con-
tribution of health behaviors to the as-
sociation between socioeconomic po-
sition and all-cause, cardiovascular
disease, and noncancer and noncardio-
vascular disease mortality. It also com-
pared the effect of a single baseline as-
sessment of behaviors with that of 4
separate assessments over 24 years of
follow-up. The results show a clear so-
cial gradient in mortality with lower so-
cioeconomic position being associ-

ated with higher mortality. Unhealthy
behaviors such as smoking, unhealthy
diet, and low levels of physical activ-
ity were strongly related to mortality,
as well as nonconsumption of alcohol;
these behaviors were more prevalent
among participants in the lower socio-
economic positions. Heavy consump-
tion of alcohol was more prevalent
among participants in the highest so-
cioeconomic position. Overall, health
behaviors assessed at baseline ex-
plained 42%, 29%, and 61% of the so-
cioeconomic gradient in all-cause, car-
diovascular disease, and noncancer and
noncardiovascular disease mortality, re-
spectively. Analyses based on re-
peated assessments of these behaviors
through follow-up showed them to
make a greater contribution to explain-
ing social inequalities in mortality; the
corresponding percentage attenua-
tions were 72%, 45%, and 94%, respec-
tively.

Multiple interrelated pathways have
been proposed to explain social in-
equalities in health,27-31 with the promi-
nent mechanisms being health behav-
iors, psychosocial factors, and material
factors. The overriding conclusion from

our study is that the effect of health be-
haviors in explaining social inequali-
ties in health is greater when they are
assessed longitudinally. However, our
analysis does not allow conclusions to
be drawn on the relative importance of
health behaviors in relation to psycho-
social and material factors because these
were not analyzed. Furthermore, it is
possible that the effect of material and
psychosocial factors on health is me-
diated through health behaviors.14,16 Dif-
ferences in exposure to environmen-
tal hazards across social strata and
access to medical care also are impor-
tant contributors in many settings.32-35

However, these are unlikely to play a
major role in our data because the par-
ticipants are white collar workers with
universal access to health care. For ex-
ample, previous findings in this co-
hort show little socioeconomic differ-
ence in access to cardiac diagnosis and
treatment.36

Studies that aim to assess the role of
behavioral factors for mortality have
typically explained between 12% and
54% of the socioeconomic gradi-
ent.12-14,16,37 Our study is not easily com-
parable with these studies because of
important differences in the set of be-
haviors included, in the socioeco-
nomic measure used, and the popula-
tion studied. Furthermore, our
calculation of percentage attenuation is
conservative because it uses the log of
the HRs in the calculation of the at-
tenuation to reflect the assumed lin-
earity in the association between so-
cioeconomic position and mortality. An
alternative formula (100�(HRModel 1 −
HRModel 1� health behaviors)/(HRModel 1 −1)used
in many previous studies is based on
the excess hazards and when applied
to our longitudinal models explained
77%, 59%, and 96% of the social gra-
dient in all-cause, cardiovascular dis-
ease, and noncancer and noncardio-
vascular disease mortality, respectively.

The use of a bootstrap method al-
lowed us to formally test the differ-
ence between the baseline and the lon-
gitudinal adjustment for health
behaviors. Our results show that there
is a significant increase in the predic-

Table 5. Role of Health Behaviors in Explaining the Association Between Socioeconomic
Position and Noncancer and Noncardiovascular Disease Mortalitya

Assessment of Health Behaviors
Difference
Between
Baseline

and
Longitudinal

Assessments,
%

Attenuation
(95% CI)c

Baseline (Phase 1) Phases 1, 3, 5, and 7

HR (95% CI)

%
Attenuation
(95% CI)b HR (95% CI)

%
Attenuation
(95% CI)b

Model 1 1.67
(1.01 to 2.75)d

NA 1.67
(1.01 to 2.75)d

NA NA

Plus smoking 1.32
(0.80 to 2.17)

46 (18 to 277) 1.38
(0.84 to 2.28)

37 (13 to 265) −9 (−57 to 5)

Plus alcohol
consumption

1.69
(1.01 to 2.80)

−2 (−47 to 42) 1.58
(0.95 to 2.64)

10 (−19 to 126) 12 (−11 to 127)

Plus diet 1.50
(0.91 to 2.49)

20 (2 to 192) 1.47
(0.89 to 2.44)

24 (2 to 198) 4 (−42 to 52)

Plus physical
activity

1.61
(0.97 to 2.68)

7 (−19 to 80) 1.36
(0.83 to 2.23)

40 (13 to 255) 33 (3 to 221)

Fully adjusted 1.22
(0.72 to 2.06)e

61 (16 to 425) 1.03
(0.61 to 1.74)e

94 (35 to 595) 33 (−16 to 262)

Abbreviations: CI, confidence interval; HR, hazard ratio; NA, data not applicable.
aOf 9590 participants in the Whitehall II study, there were 150 deaths attributable to noncancer and noncardiovascular

mortality.
bPercent attenuation=100� (�Model 1�health behavior(s) − �Model 1)/(�Model 1).
cDifference between the model with repeated assessment compared with the baseline assessment of health behaviors.
dLowest vs highest socioeconomic position, adjusted for sex and year of birth.
e Includes everything in footnote “d” plus all health behaviors.
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tive ability of health behaviors when as-
sessed longitudinally for all-cause mor-
tality and cardiovascular disease
mortality. This increase in explana-
tory power may relate to better estima-
tion of the association between socio-
economic position and health behaviors
over time and also of that between
changes in health behaviors over time
and mortality. For example, it has been
shown that individuals from lower so-
cioeconomic positions are more resis-
tant to changing their unhealthy be-
haviors compared with their more
advantaged counterparts.38,39 A num-
ber of studies40-43 have shown that
changes in health behaviors over the fol-
low-up period are responsible for
changes in the resulting association
with poor health outcomes. Repeated
assessment of health behaviors al-
lowed us to take such changes into ac-
count.

The explanatory power of diet, physi-
cal activity, and alcohol consumption
increased between the baseline and lon-
gitudinal assessments. In contrast, the
impact of smoking did not change even
though it was the main explanatory fac-
tor of the social gradient in mortality.
The prevalence of smoking decreased
over time in the study sample but it is
possible that the time lapse necessary
to see the effect on mortality is longer.
For some causes of mortality, such as
chronic obstructive pulmonary dis-
ease or lung cancer,44,45 the lapse of time
in our study would not be sufficient to
modify the associated risks of death.
However, for other causes, such as coro-
nary death,44 the increased risk of death
associated with smoking has been found
to decrease from 5 years after smok-
ing cessation. Despite decreasing preva-
lence, the social gradient in smoking in
our study decreased little over the fol-
low-up period.

Participants in all socioeconomic po-
sitions improved their dietary behav-
iors during the follow-up period, but
this was more evident among partici-
pants in the highest socioeconomic po-
sition. Unhealthy diet was about twice
as prevalent at baseline in the lowest so-
cioeconomic position but the differ-

ence was 5-fold at the end of follow-
up. Use of the repeated measurements
allows these widening differences to be
taken into account when explaining the
social gradient in mortality. Partici-
pants became less physically active in
all socioeconomic positions during the
follow-up period, although the social
patterning of physical inactivity de-
creased. In summary, the increased con-
tribution of diet, physical activity, and
alcohol consumption to inequalities in
mortality when assessed through the
follow-up period seems to be due to a
combined effect of behavioral changes
that occurred during the study period
and to changes in social patterning of
these behaviors. However, it is pos-
sible that changes in health behaviors
over time are due to changes in health
status. The analyses reported herein do
not allow us to tease apart the precise
sequence of events that lead to the as-
sociation between socioeconomic po-
sition, health behaviors, and mortal-
ity.

This study has 2 major strengths.
First, unlike previous studies, health be-
haviors were assessed 4 times over the
24-year follow-up, at an interval of 4
to 5 years. Second, the unique feature
of this study is that it is one of the first
studies to provide a 95% CI for the effect
of health behaviors on the socioeco-
nomic gradient in mortality (calcu-
lated using the bootstrap method). The
use of the bootstrap method has al-
lowed us to add a degree of precision
around the estimate of the attenuation
that is often expressed simply as a per-
centage.

There are a number of limitations to
the results reported herein. The White-
hall II study is based on a white collar
cohort and is not representative of the
general population in terms of the so-
cioeconomic spectrum or the range of
unhealthy behaviors. However, this may
mean that socioeconomic differences
observed and explained in this cohort
are smaller than those in the general
population. A further concern is that
about 20% of the participants had at
least 1 of the 4 behaviors imputed (with
the preceding or subsequent phase) at

1 of the phases. This decision was made
because a complete case approach in
proportional hazards regression mod-
els has been shown to be inappropri-
ate when data are not missing at ran-
dom.4 6 However, there were no
important differences in the estimates
from complete case analysis com-
pared with imputed values in our data.
A further limitation is our use of sub-
jective measures of health behaviors.
Objective, precise, and more detailed
measures of behaviors, such as a nico-
tine/cotinine urine test for smoking, ac-
tigraphs for physical activity or more
detailed questions, and food fre-
quency questionnaires for dietary pat-
terns might have yielded a more accu-
rate estimation of their contribution to
social inequalities in mortality.

Despite there being more than 650
deaths, we were only able to analyze
broad groupings of causes of death.
Even then, the noncancer and noncar-
diovascular disease mortality out-
come, which contained a range of dis-
parate causes of death, still generated
bootstrap 95% CIs that were particu-
larly wide. Similarly, pooling all types
of cancer is not ideal because social in-
equalities differ by cancer site, with
some of them showing a reverse gradi-
ent. This may lead to results in which
the social patterns for different cancer
types cancel each other out and could
explain the lack of association be-
tween socioeconomic position and can-
cer mortality.

CONCLUSIONS
This study suggests that health behav-
iors explain a substantial part of social
inequalities in mortality and demon-
strates the importance of taking into ac-
count changes over time in health be-
haviors when examining their role in
social inequalities. In our study, they
explained 72% of social inequalities in
all-cause mortality when the 4 health
behaviors were assessed 4 times over 24
years of follow-up against 42% when
only assessed at baseline. Our find-
ings may not necessarily have straight-
forward policy implications. On the one
hand, the findings imply that health
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policies and interventions focusing on
individual health behaviors have the po-
tential not only to increase the popu-
lation’s health but also to substan-
tially reduce inequalities in health. On
the other hand, if health behaviors are
socially patterned and determined, for
example, by financial factors,14,16 the ca-
pacity to respond to health education
messages,21,47 or the environment in
which they live,48 the same policies
aimed at improving the population’s
health may contribute to an increase in
social inequalities in health.
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