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Background: Physical activity, diet, smoking, and
alcohol consumption have been shown to be related to
mortality. We examined prospectively the individual
and combined influence of these risk factors on total
and cause-specific mortality.

Methods: The prospective cohort study included 4886
individuals at least 18 years old from a United
Kingdom–wide population in 1984 to 1985. A health
behavior score was calculated, allocating 1 point for
each poor behavior: smoking; fruits and vegetables con-
sumedless than 3 times daily; less than 2 hours physical
activity per week; and weekly consumption of more
than 14 units of alcohol (in women) and more than 21
units (in men) (range of points, 0-4). We examined the
relationship between health behaviors and mortality
using Cox models and compared it with the mortality
risk associated with aging.

Results:Duringamean follow-upperiodof20years,1080
participants died, 431 from cardiovascular diseases, 318
from cancer, and 331 from other causes. Adjusted hazard
ratios and 95% confidence intervals (CIs) for total mor-
tality associated with 1, 2, 3, and 4 poor health behaviors
compared with those with none were 1.85 (95% CI, 1.28-
2.68), 2.23 (95% CI, 1.55-3.20), 2.76 (95% CI, 1.91-3.99),
and3.49(95%CI,2.31-5.26),respectively(Pvaluefortrend,
�.001).Theeffectofcombinedhealthbehaviorswasstron-
gest forotherdeathsandweakest forcancermortality.Those
with 4 compared with those with no poor health behav-
iors had an all-cause mortality risk equivalent to being 12
years older.

Conclusion: The combined effect of poor health behav-
iors on mortality was substantial, indicating that mod-
est, but sustained, improvements to diet and lifestyle could
have significant public health benefits.

Arch Intern Med. 2010;170(8):711-718

S EVERAL STUDIES HAVE SHOWN

that specific health behav-
iors, includingcigarette smok-
ing,1-4 physical inactivity,5-9

higher alcohol intake,9-11 and,
to a lesser extent, diets low in fruits and veg-
etables,9,12-15 are associated with an in-
creased risk of cardiovascular disease
(CVD), cancer, and premature mortality.
It has been stated that these modifiable be-
haviors are especially important in the pre-
vention of chronic diseases.16 Typically in
these studies, mutual statistical control is
made for other behaviors to identify “in-
dependent” effects. However, these poor
lifestyle choices frequently coexist. To fully
understandthepublichealth impactof these
behaviors, it is necessary to examine both
their individual and combined impact on
health outcomes.

We are aware of only 3 studies that have
examined the combined effect of diet,
physical activity, smoking, and alcohol in-
take on mortality17-19; 1 study investi-

gated the combined effect of these factors
on coronary heart disease among men
only,20 2 additional studies investigated the
combined impact of health behaviors on
risk of stroke,21,22 1 investigated the com-
bined effect of lifestyle factors on coro-
nary heart disease in women,23 1 studied
the association between 4 lifestyle factors
and the risk of developing major chronic
diseases,24 and 1 described the associa-
tions between 4 lifestyle factors and over-
weight and new onset of diabetes melli-
tus in elderly individuals.25 In all of these
study populations, poor health behaviors
were associated with increased mortality
or morbidity. Of the lifestyle-mortality
studies, 1 study sampled only socioeco-
nomically advantaged female health
professionals aged 34 to 59 years at base-
line,19 another study was restricted to 45-
to 79-year-old residents of Norfolk, En-
gland,17 while the participants of the third
study were all elderly, thus limiting the
generalizability of these studies.18
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Herein, we examine both the individual and collective
influence of smoking, diet, alcohol intake, and physical
activity on 20 years’ risk of total and cause-specific mor-
tality in men and women from a United Kingdom–wide
population-based study with participants who were at least
18 years old.

METHODS

THE HEALTH AND LIFESTYLE SURVEY

The target population for the Health and Lifestyle Survey (HALS)
was the entire adult population of England, Wales, and Scot-
land who were 18 years or older in 1984 to 1985. Details of
the study have been described previously.26

A total of 12 672 addresses were randomly selected from elec-
toral registers. In each household, 1 person aged at least 18 years
was selected.Fordifferent reasons (vacant address,holidayhome,
business premises, demolished, untraced), 418 of the selected
addresses were excluded from the study, resulting in 12 254
included addresses. A high proportion of those interviewed
(n=9003) consented to a follow-up visit from a research nurse
(n=7414), at which time other measurements were taken.

DATA COLLECTION

The interviewer administered a questionnaire that asked about
demographic details, smoking, alcohol consumption, leisure
time exercise activities in the past fortnight, and frequency of
consumption of fruit and vegetables. The questionnaire also in-
quired about history of chronic diseases and current or most
recent occupation. Data on occupation were used to derive oc-
cupational social class using the schema of the United King-
dom Registrar General (6 categories, with a higher score indi-
cating greater deprivation). Height, weight, and blood pressure
were measured during the subsequent visit by a research nurse.
Body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared.

ASSESSMENT OF HEALTH BEHAVIORS

Smoking behavior was divided into 3 categories: current, former,
and never smoking. Poor smoking behavior was defined as being
a current smoker. Alcohol consumption was assessed by amounts
of beer, cider, lager, shandy (beer and lemonade combined),
sherry, vermouth, wines, spirits, liqueurs, and other types of
alcoholic drinks consumed the previous week, and calculated
as number of units per week (1 U=8 g of alcohol). Poor drink-
ing behavior was defined as consuming more than 21 U per
week for men and more than 14 U per week for women. Con-
suming less was classified as the favorable drinking behav-
ior.9,27,28 Because we did not find a completely J- or U-shaped
association between alcohol and mortality in preliminary analy-
ses of this data set, the abstainers were categorized in the low-
risk group.

Physical activity was assessed by number of leisure time ex-
ercise activities, such as keeping fit, sports, jogging, swim-
ming, cycling, or dancing, engaged in during the past fort-
night. The respondent was asked to report the number of times
he or she had performed each specific activity during the past
fortnight, and the time spent doing it. Poor physical activity
behavior was defined as spending little or no time on exercise
activities (�120 minutes during 1 week).

Intake of fruits and vegetables was assessed by a food fre-
quency questionnaire reporting frequency of consumption of
fresh fruit, salads, raw vegetables, root vegetables, peas and beans,

green vegetables, and other cooked vegetables. There were 6
response categories: never, less than once a week, once or twice
a week, most days (3-6 days), once a day, and more than once
a day. The scores were recoded to represent intakes in terms of
times per day. All 8 types of fruits and vegetables were summed,
using the respective daily frequency of consumption, to create
a daily intake frequency of total fruit and vegetable consump-
tion.Poordietarybehaviorwasdefinedashavinghad fruits and/or
vegetables less than 3 times daily on a yearly basis.

A health behavior score was calculated based on the 4 poor
health behaviors: cigarette smoking, high alcohol intake, physi-
cal inactivity, and a low fruit and vegetable intake. Partici-
pants scored 1 point for the presence of each of the poor health
behaviors. The poor health behavior score thus ranged from 0
(no poor health behaviors) to 4 (ie, 4 poor health behaviors).

In total, 98% of participants were subsequently registered
on the United Kingdom National Health Service (NHS) Cen-
tral Registry, and deaths from all causes, CVD, cancer and other
causes were ascertained from death certificates and coded ac-
cording to the International Classification of Diseases, Ninth Re-
vision (ICD-9). Disease classifications included in the analyses
were ICD-9 codes 390-434 and 436-448 for CVD and ICD-9
codes 140-209 for cancers.

STATISTICAL ANALYSES

From each of the 12 254 households included in the study, 1
person at least 18 years old was selected, yielding interviews
with 9003 individuals (73.5%). Nonresponse was due to re-
fusals (n=2341), failure to establish contact (n=646), or other
reasons (n=264).26 The study population included in the cur-
rent data analysis (n=4909) was compared with that of the 1981
census, and the populations were generally very similar for key
variables such as sex (52% were women in the study sample vs
49% in the census), age (61% vs 51% were aged 20-50 years),
and ethnicity (98% vs 96% were white Europeans).

We used �2 tests and t tests to examine differences in char-
acteristics between men and women. Having ascertained that the
proportionalhazardsassumptionhadnotbeenviolated,29 weused
Cox proportional hazards regression with calendar time (num-
ber of days) as the time variable to examine the relationship be-
tween individual and combined health behaviors and risk of death
from all causes, from CVD, cancer, and other (non-CVD) deaths.
Follow-up started at the date of the survey in 1985 and contin-
ued until date of death or May 30, 2005. Models for each health
behavior were adjusted for age, sex, and other potentially con-
foundingvariables selectedapriori: occupational social class,BMI,
blood pressure, and the other 3 health behaviors. Analyses using
number of poor health behaviors as the exposure variable were
adjusted for sex, age, occupational social class, BMI, and blood
pressure. We tested for effect modification (on a multiplicative
scale) by including an interaction term between the exposure
variable and the potential effect modifier. All P values for effect
modification by sex were statistically nonsignificant (P �.05 for
all comparisons). Given that there was no evidence of signifi-
cant effect modification by sex, we pooled the data for men and
women in the main analyses and adjusted for sex. (Sex-specific
data are given in eTables 1 and 2, http://www.archinternmed
.com.) Survival curves were made using regression survival func-
tion plots. To express the difference in survival of those with 4
poor health behaviors compared with those with none that is
equivalent to mortality associated with each yearly increase in
age, we divided the � coefficient for mortality in those with a
score of 4 compared with no poor health behaviors with the �
coefficient for mortality associated with each yearly increase in
age. Population attributable risks (PAR) (by percentage) for total,
CVD, and cancer mortality by the 4 exposure groups 1, 2, 3, and
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4 poor health behaviors were calculated using the method of
Mason and Tu30: PAR = [Epi � (HRi − 1)]/ [Epi � (HRi − 1)
�1]�100; i=1, 2, 3, and 4 poor health behaviors, Epi=exposure
prevalencei.

Combined PAR for all exposure categories was calculated
using the formula [Epi� (HRi−1)�Epj� (HRj−1)�Epk�
(HRk−1)�Epl� (HRl−1)]/[Epi� (HRi−1)�Epj� (HRj−1)
�Epk�(HRk−1)�Epl�(HRl−1)�1]�100; i=1, j=2, k=3, and
l=4 poor health behaviors, Ep=exposure prevalence, as shown
by Hanley.31

RESULTS

Complete data on health behaviors were available for
4886 individuals (99.5%) with a combined total of
89 056 person-years of exposure. Table 1 shows the
distribution of age and health behaviors among the
study members. All behaviors except for physical activ-
ity differed between men and women, with men being
more likely than women to have unfavorable levels.
This sex differential was particularly marked for alcohol
consumption.

Table 2 presents the hazard ratios (HRs) (95% confi-
dence intervals [CIs]) for mortality associated with each
poor health behavior. In age- and sex-adjusted analyses,

each of the 4 health behaviors was associated with an in-
creased risk of total and cause-specific mortality, al-
though statistical significance at conventional levels was
not always apparent. There was some variation in the
strength of the health behaviors–death relationships across
the mortality end points. Smoking was more strongly re-
lated to cancer and other deaths, while physical inactivity
was more powerfully associated with CVD mortality than
the other outcomes. Higher levels of alcohol intake had simi-
lar relationships across all mortality outcomes. Results for
men and women separately are presented in eTable 1. Con-
trolling for occupational social class, BMI, blood pressure,
and prior illness led to some attenuation of these effects.
The greatest attenuations were seen for physical activity and
for fruit and vegetable intake associated with CVD and other
deaths and all-cause mortality.

The HRs (95% CIs) for all-cause and cause-specific mor-
tality in relation to poor health behaviors are shown in
Table 3. In comparison with people with no poor health
behaviors, the risk of mortality for each outcome rose as
the number of poor health behaviors increased (P value for
trend, �.001). There was some variation in the strength
of these gradients, although all tests for trend were statis-
tically significant. Thus, in the fully adjusted model, the

Table 1. Baseline and Follow-up Mortality Characteristics of 4886 Men and Women 18 Years or Older in 1984-1985

Characteristic
Men

(n=2509)
Women

(n=2377)
Combined
(n=4886)

No. of Deaths/
No. of Participants

HR (95% CI)
for Total Mortalitya

Poor
Habit,%b

Age, mean (SD), y 44.5 (16.8) 42.9 (15.7) 43.7 (16.3) 1080/4886
Smoking, %

Never smoker 23.6 42.0 32.6 214/1591 1 [Reference]
Former smoker 26.9 20.9 24.0 369/1171 1.41 (1.18-1.68)
Current smoker 49.5 37.1 43.5 497/2124 1.83 (1.54-2.17) 43.5
P value �.001c

Alcohol intake, U/wk, %d

0 11.4 20.2 15.7 168/767 1 [Reference]
1-2 8.7 20.0 14.2 174/695 1.10 (0.89-1.36)
3-14 38.1 50.5 44.1 469/2156 0.99 (0.83-1.19)
15-21 12.0 5.6 8.8 96/432 1.11 (0.86-1.44)

29.8/9.3
�22 29.8 3.7 17.1 173/836 1.33 (1.06-1.66)
P value .04c

Physical activity, min/wk, %e 64.4
	15 56.4 53.3 55.4 852/2706 1.54 (1.09-2.18)
15-119 8.2 9.9 9.0 85/441 1.47 (0.96-2.25)
120-179 9.6 12.5 11.0 55/539 1.01 (0.66-1.56)
180-359 7.6 9.1 8.4 32/408 0.90 (0.55-1.45)
360-540 9.5 8.2 8.9 49/433 1.06 (0.68-1.64)
�540 8.6 6.0 7.3 34/359 1 [Reference]
P value �.001c

Fruit and vegetable intake, times/d, % 66.5
�1 11.4 5.7 8.6 105/421 1.31 (0.78-2.21)
1 30.2 22.0 26.2 287/1280 1.10 (0.67-1.80)
2 31.2 32.2 31.7 358/1550 1.12 (0.69-1.82)
3 21.3 29.7 25.4 255/1240 0.92 (0.56-1.50)
4 4.5 8.1 6.2 58/304 0.84 (0.49-1.45)
�5 1.4 2.4 1.9 17/91 1 [Reference]
P value .001c

Abbreviations: CI, confidence interval; HR, hazard ratio.
aCox regression adjusted for social class, sex, age, body mass index, and blood pressure.
bDefined by the cutoff point for use in the analyses for mortality by combined behaviors.
cP value for trend for each behavior in relation to total mortality.
dOne unit=8 g; poor drinking behavior was defined as consuming more than 21 U/wk for men and more than 14 U/wk for women.
eThe physical activity score is the sum of score for frequency and score for amount per week, where 1 symbolizes very little activity (	1�30 min/wk) and

6 symbolizes very high activity (�5 times/wk and/or �180 min/wk) with 2 to 5 symbolizing the intermediary levels.
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HR (95% CI) for 4 poor health behaviors compared with
none for all-cause mortality was 3.49 (95% CI, 2.23-
5.26), whereas the corresponding effect estimates for
CVD, cancer, and other deaths were 3.14 (95% CI, 1.57-
6.29), 3.35 (95% CI. 1.67-6.70), and 4.29 (95% CI,
2.01-9.15), respectively. Sex-specific results for all-cause
mortality by combined health behaviors were similar to
the results for men and women combined (eTable 2).

We examined the issue of reverse causality—that ill-
ness at study induction might have influenced health be-
haviors and also mortality risk—using 2 methods. First,
we excluded participants who had a history of cancer;
heart conditions; diabetes mellitus; and respiratory,
rheumatic, or gastrointestinal tract diseases at baseline.
Second, we excluded deaths that occurred in the first 4
years of follow-up (Table 4). Both these exclusions had

little influence on the effect estimates for all-cause, CVD,
and cancer mortality by combined health behaviors
(Table 5).

The Figure shows the combined survival curves over
20 years by the number of poor health behaviors (mul-
tiply adjusted). The adjusted cumulative survival was 96%
for participants with no poor health behaviors com-
pared with 85% for those with 4 poor health behaviors.
The increase in mortality risk from no to 4 poor health
behaviors was equivalent to an increase in chronologi-
cal age of about 12 years: in the fully adjusted regres-
sion model, the � coefficient was 1.255 for 4 compared
with no poor health behaviors and 0.102 for each sub-
sequent yearly increase in chronological age.

We calculated the PAR for all-cause, CVD, and can-
cer mortality. The PARs for CVD and cancer mortality

Table 2. Individual Health Behaviors in Relation to Mortality Risk in 4886 Men and Women 18 Years or Older at Baseline
in 1984-1985

Health Behavior

Deaths, HR (95% CI)

All-Cause
(n=1080)

CVD
(n=431)

Cancer
(n=318)

Other
(n=331)

Age and
Sex Adjusted

Multivariate
Adjustmenta

Age and
Sex Adjusted

Multivariate
Adjustmenta

Age and
Sex Adjusted

Multivariate
Adjustmenta

Age and
Sex Adjusted

Multivariate
Adjustmentb

Current smoking vs
never and former
smoking

1.52 (1.35-1.72) 1.43 (1.26-1.62) 1.26 (1.03-1.53) 1.15 (0.94-1.41) 1.72 (1.37-2.16) 1.58 (1.25-2.00) 1.72 (1.38-2.15) 1.64 (1.31-2.07)

Alcohol intake,
�14/21 U/wk vs
	14/21 U/wkc

1.26 (1.07-1.48) 1.18 (1.00-1.39) 1.26 (0.98-1.63) 1.15 (0.88-1.50) 1.26 (0.95-1.68) 1.25 (0.93-1.68) 1.27 (0.95-1.69) 1.18 (0.88-1.59)

Leisure time PA,
�2 h/wk vs
�2 h/wk

1.56 (1.32-1.85) 1.43 (1.20-1.69) 1.64 (1.24-2.16) 1.48 (1.12-1.95) 1.57 (1.17-2.11) 1.52 (1.12-2.04) 1.48 (1.10-2.00) 1.29 (0.95-1.74)

Fruit and vegetable
intake, �3 times/d
vs �3 times/d

1.31 (1.15-1.49) 1.10 (0.96-1.25) 1.36 (1.11-1.68) 1.19 (0.96-1.48) 1.12 (0.88-1.41) 0.95 (0.75-1.22) 1.44 (1.13-1.83) 1.15 (0.89-1.48)

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PA, physical activity.
aAnalyses are adjusted for age, sex, occupational social class, body mass index, blood pressure, the other 3 health behaviors and prior diagnosis of heart disease,

angina, heart attack, high blood pressure, stroke, arterial disease, cancer, diabetes mellitus, bronchitis, emphysema, asthma, respiratory tuberculosis, and other
respiratory tract diseases.

bAdjusted for arthritis, rheumatism, stomach ulcer, and other gastrointestinal tract diseases in addition to the diseases listed in footnote a.
cOne unit=8 g; poor drinking behavior was defined as consuming more than 21 U/wk for men and more than 14 U/wk for women.

Table 3. Collective Health Behaviors in Relation to 20 Years’ Mortality Riska in 4886 Men and Women 18 Years or Older at Baseline
in 1984-1985

No. of Poor
Health Behaviors
(No.) (%)

Deaths,
No. (%)

Deaths, HR (95% CI)

All-Cause
(1080 of 4886)

CVD
(431 of 4886)

Cancer
(318 of 4886)

Otherb

(331 of 4886)

0 (387) (7.9) 32 (8.3) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
1 (1263) (25.8) 231 (18.3) 1.85 (1.28-2.68) 2.02 (1.08-3.77) 1.65 (0.89-3.06) 1.87 (0.93-3.77)
2 (1795) (36.7) 421 (23.5) 2.23 (1.55-3.20) 2.48 (1.34-4.58) 2.00 (1.10-3.64) 2.17 (1.10-4.30)
3 (1127) (23.1) 305 (27.1) 2.76 (1.91-3.99) 2.77 (1.48-5.18) 2.60 (1.41-4.80) 2.87 (1.43-5.75)
4 (314) (6.4) 91 (29.0) 3.49 (2.31-5.26) 3.14 (1.57-6.29) 3.35 (1.67-6.70) 4.29 (2.01-9.15)

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.
aAnalyses are adjusted for age, sex, occupational social class, body mass index, blood pressure, and prior diagnosis of heart disease, angina, heart attack,

high blood pressure, stroke, arterial disease and cancer, diabetes mellitus, bronchitis, emphysema, asthma, respiratory tuberculosis, and other respiratory tract
diseases. P� .001 for all comparisons.

bAdjusted for arthritis, rheumatism, stomach ulcer, and other gastrointestinal tract diseases in addition to the diseases listed in footnote a.
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were 37% and 30%, respectively, for the combined health
behavior (Table 6).

COMMENT

In this study, we examined the combined influence of
smoking, having a low intake of fruit and vegetables, a
high intake of alcohol, and a low level of physical activ-
ity on mortality in adults from a United Kingdom–wide
population over 20 years of follow-up. The combined
effect of these 4 poor health behaviors was associated with
significantly higher mortality from all causes, CVD, and
cancer and from all other causes, although the magni-
tude of the effect differed according to outcome. For ex-
ample, individuals who exhibited all 4 poor health be-
haviors had about 3 times the risk of CVD and cancer
mortality and 4 times the risk of dying from other deaths
compared with those exhibiting none of the behaviors.

Exclusion of those individuals who may have had some
preexisting health condition did not alter these find-
ings. It is possible, however, that excluding only 4 years
of follow-up was insufficient to capture diseases with a
long latency period (eg, some cancers), and, hence, the
possibility of reverse causality remains.

COMPARISON WITH OTHER STUDIES

Lifestyle factors such as smoking, dietary habits, physical
activity, and alcohol consumption have been shown to be
independently related to morbidity and mortality in nu-
merous studies,1,5,10,14,15 but few studies have investigated
the combined impact of these factors.17-20 Khaw et al17 ex-
amined the combined impact of not smoking, not being
physically inactive, having a moderate alcohol intake, and
a having a high fruit and vegetable intake on mortality
among men and women aged 45 to 79 years followed up

Table 4. Individual Health Behaviors in Relation to All-Cause, CVD, and Cancer Mortality Risk in 4241 Men and Women
and in 3981 Men and Women for Mortality From Other Causes, 18 Years or Older at Baseline in 1984-1985

Health Behavior

Deaths, HR (95% CI)

All-Causea

(n=700)
CVDa

(n=266)
Cancera

(n=226)
Otherb

(n=178)

Age and
Sex Adjusted

Multivariate
Adjustmentc

Age and
Sex Adjusted

Multivariate
Adjustmentc

Age and
Sex Adjusted

Multivariate
Adjustmentc

Age and
Sex Adjusted

Multivariate
Adjustmentc

Current smoking vs
never and former
smoking

1.72 (1.48-2.00) 1.57 (1.34-1.85) 1.41 (1.10-1.81) 1.28 (0.98-1.66) 1.91 (1.46-2.50) 1.69 (1.28-2.24) 1.91 (1.41-2.60) 1.83 (1.33-2.52)

Alcohol intake,
�14/21 U/wk vs
	14/21 U/wkd

1.34 (1.11-1.63) 1.22 (1.00-1.48) 1.42 (1.05-1.93) 1.24 (0.90-1.71) 1.36 (0.98-1.90) 1.28 (0.91-1.79) 1.26 (0.86-1.85) 1.10 (0.74-1.63)

Leisure time PA,
�2 h/wk vs �2 h/d

1.36 (1.12-1.64) 1.24 (1.02-1.50) 1.27 (0.94-1.73) 1.14 (0.84-1.55) 1.48 (1.07-2.06) 1.41 (1.01-1.97) 1.39 (0.95-2.02) 1.23 (0.84-1.80)

Fruit and vegetable
intake, �3 times/d
vs �3 times/d

1.37 (1.17-1.61) 1.18 (1.00-1.39) 1.46 (1.12-1.90) 1.28 (0.97-1.68) 1.16 (0.88-1.54) 0.98 (0.73-1.30) 1.53 (1.11-2.12) 1.26 (0.90-1.77)

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PA, physical activity.
aExclusion of deaths within 4 years after baseline and prior diagnosis of heart disease, angina, heart attack, high blood pressure, stroke, arterial disease, cancer,

diabetes mellitus, bronchitis, emphysema, asthma, respiratory tuberculosis, and other respiratory tract diseases.
bAlso exclusion of prior reports of arthritis, rheumatism, stomach ulcer, and other gastrointestinal tract diseases.
cAnalyses are adjusted for age, sex, occupational social class, body mass index, blood pressure, and the other 3 health behaviors.
dOne unit=8 g; poor drinking behavior was defined as consuming more than 21 U/wk for men and more than 14 U/wk for women.

Table 5. Collective Health Behaviors in Relation to 20 Years’ All-Cause, CVD, and Cancer Mortality Riska in 4241 Men and Women
and in 3981 Men and Women for Mortality From Other Causes, 18 Years or Older at Baseline in 1984-1985

No. of
Poor Health
Behaviors (No.)

Deaths, HR (95% CI)

Deaths,b

No. (%)
All-Causeb

(n=700)
CVDb

(n=266)
Cancerb

(n=226)
Otherc

(n=178)

0 (361) 26 (7.2) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
1 (1110) 153 (13.8) 1.87 (1.23-2.84) 1.91 (0.97-3.73) 1.87 (0.92-3.81) 1.81 (0.76-4.31)
2 (1546) 264 (17.1) 2.20 (1.47-3.30) 2.20 (1.14-4.22) 2.01 (1.01-4.03) 2.40 (1.04-5.56)
3 (957) 192 (20.1) 2.97 (1.96-4.50) 2.70 (1.38-5.29) 2.98 (1.47-6.05) 3.09 (1.31-7.28)
4 (267) 65 (24.3) 3.69 (2.31-5.89) 3.09 (1.45-6.63) 3.70 (1.67-8.22) 4.47 (1.75-11.43)

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.
aAnalyses are adjusted for age, sex, occupational social class, body mass index, and blood pressure. P� .001 for all comparisons.
bExclusion of deaths within 4 years after baseline and prior diagnosis of heart disease, angina, heart attack, high blood pressure, stroke, arterial disease, cancer,

diabetes mellitus, bronchitis, emphysema, asthma, respiratory tuberculosis, and other respiratory tract diseases.
cAlso exclusion of prior reports of arthritis, rheumatism, stomach ulcer, and other gastrointestinal tract diseases.
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for about 11 years. The study concluded that there was a
strong trend of decreasing mortality risk associated with
an increasing number of positive health behaviors, with
those who had 4 positive health behaviors having about
one-quarter the mortality risk of those who had none. Fur-
thermore, the difference between the highest and lowest
health behavior score in that study was equivalent to ap-
proximately 14 years in chronological age, similar to the
12-year difference we observed in the current study. Our
findings are also consistent with those from a large multi-
centerEuropeanstudy18 that examined thecombined impact
of a Mediterranean diet, being physically active, moderate
alcohol use, and not smoking on all-cause and cause-
specific mortality among men and women aged 70 to 90
years in 11 European countries, followed up for 10 years.
The study concluded that adherence to a Mediterranean
diet and healthful lifestyle was associated with more than
a 50% lower rate of all-cause and cause-specific mortality.

METHODOLOGICAL CONSIDERATIONS

There are several methodological differences between the
current study and previous ones that may explain the

variation in risk estimates associated with certain risk be-
haviors. For example, in some studies, only those indi-
viduals who had never smoked were defined as “not smok-
ing,”17,19 whereas in the current study we classified both
former and never smokers as “not smoking.” This is likely
to have underestimated the impact of smoking given that
former smokers have an increased mortality risk com-
pared with never smokers (although markedly reduced
compared with current smokers).4 For diet, HRs for mor-
tality in some other studies17,19 seem to be higher than
those reported in the current study, and again this may
be attributed to differences in the definitions used to cat-
egorize a favorable diet. It is also possible that we have
underestimated the importance of diet on subsequent mor-
tality risk by examining only fruit and vegetable intake.
Data on other dietary constituents, such as unsaturated
fat, fish, and whole grains, that may also have an impact
on health outcomes, were not collected. By comparison,
the associations between alcohol intake and mortality
found here are similar to those found previously.17,19 Food
frequency questionnaires similar to the one used in our
study have been shown to be valid and capable of iden-
tifying both low and high consumers of fruit and veg-
etables32,33 and of alcohol.34,35 However, we cannot pre-
clude the possibility that there may have been some
misclassification of intakes.

The cutoff point for defining a physically active per-
son differed considerably between our study and previ-
ous investigations of the combined impact of health
behaviors on mortality. In the current study, the physi-
cal activity score was solely based on leisure time exer-
cise, whereas in other studies all types of activity (ie, lei-
sure time; walking; and work-related,17 household, and
gardening activities) were included in the definition of
an active life.18 The cutoff point for defining a physically
active person in the current study was low compared
with other studies, and below the recommended time
spent on physical activities.36 This may have resulted in
the higher HRs that we observe for physical activity.

Our method of calculating risk factor scores used in
this study has some strengths and limitations. On the
one hand, an advantage is that accumulated risk can be
quickly and easily calculated by a health profession or
patient rather than requiring the use of a more compli-
cated risk algorithm and associated computer software.
On the other hand, in not attaching a weight to each
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Figure. Survival function by number of poor health behaviors in 4886 men
and women 18 years or older, adjusted for age, sex, occupational social
class, body mass index, blood pressure, and prior illness. Health and
Lifestyle Survey, 1984-1985 to 2005.

Table 6. Population Attributable Risks (PAR) for Total and Cause-Specific Mortality in 4886 Men and Women 18 Years or Older
at Baseline in 1984-1985

Poor Health
Behaviors, %

Deaths, No./
Participants,

No.

PAR, %a

All-Cause
(1080 of 4886)

CVD
(431 of 4886)

Cancer
(318 of 4886)

7.9 32/387
25.8 231/1263 18.3 20.8 14.4
36.7 421/1795 31.8 35.2 26.8
23.1 305/1127 29.9 29.0 27.0
6.4 91/314 13.8 12.1 13.1

Combined PAR 55.3 37.3 29.6

Abbreviation: CVD, cardiovascular disease.
aBased on multiple adjusted hazard ratio.
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risk factor, certain behaviors (eg, smoking) are more
powerful risk predictors than others (eg, diet), and we
have presented a somewhat oversimplified approach.

STRENGTHS AND LIMITATIONS

An advantage of this study is its generalizability, com-
bined with its low loss to follow-up over 20 years, indi-
cating that selection is unlikely to have been a major
source of bias. The use of electoral registers to recruit in-
dividuals to this study is unlikely to have resulted in any
major selection bias because almost all adult citizens of
the United Kingdom are registered, although inevitably
some individuals, most typically homeless people, will
be missed. Additional support for the generalizability of
the study findings comes from a study investigating
whether nonparticipation in the HALS resurvey in 1992
distorted the exposure-disease relationship.37 The study
concluded that the associations between baseline (1985)
risk factors and later CVD mortality were not biased by
resurvey (1992) nonresponse.37

Classification according to lifestyle groups was per-
formed on the basis of measurements of behaviors made
at baseline, which may have resulted in misclassifica-
tion of participants because individuals may have al-
tered their behavior during follow-up. Few studies have
investigated tracking of health behaviors over a long fol-
low-up period, but evidence suggests that the degree of
stability varies according to the behavior. The stability
of physical activity from childhood or adolescence into
adulthood is low or moderate,38,39 but whether stability
increases at older ages is unclear.38 Stability of dietary fac-
tors, such as fruit and vegetable consumption, is mod-
erate to high.38,40,41 Smoking behavior tracks from ado-
lescence into adulthood,42 whereas tracking of alcohol
consumption seems to be low to moderate from adoles-
cence into adulthood,42,43 but higher with increasing age
at baseline.43 However, stability of alcohol consumption
also depends on type of drinking pattern and type of al-
cohol.43 The likelihood of changes in health behaviors
among some of our participants during the follow-up time
is considerable, depending on age at baseline and type
of behavior; however, the hypothesized association be-
tween health behaviors at baseline and mortality up to
20 years later assumes some degree of stability of the ac-
tual behaviors, and a more modest stability than as-
sumed will most probably lead to an attenuation of the
real associations.

An additional limitation of observational analyses ex-
amining the relationships between lifestyle and subse-
quent disease risk is confounding by known and un-
known risk factors. For example, socioeconomic status
(SES) is a complex variable encompassing a range of mea-
sures from education level through to household in-
come, and although we adjusted for social class in the
analyses, our measurement of SES may not have ad-
equately captured this information. Therefore, in the
present study, the potential for residual confounding can-
not be precluded.

Because baseline data collection was performed in
1985, the proportion of the population of the United King-
dom who did not meet the national guidelines regard-

ing physical activity, intake of fruits and vegetables, and
smoking has decreased while the proportion exceeding
the recommended alcohol intake has remained nearly un-
changed for men and increased for women, all which
makes it reasonable to assume that a greater part of the
population follows the recommendations today than did
20 years ago.44-46 The population-attributable risks cal-
culated in this study, based on the assumptions about a
causal link between the risk factors and the outcome (mor-
tality in this study), are dependent on the risk exposure
in the population. Because the prevalence of risk factors
in the study population have been used as an approxi-
mation for the real exposure (because information about
the prevalence of the combinations of health behaviors
in the entire population is lacking), the calculated PARs
might be somewhat overestimated as the exposure level
in the study population probably is marginally higher than
in the United Kingdom today.

In conclusion, in this contemporary population of the
United Kingdom, cigarette smoking, high consumption
of alcohol, low consumption of fruits and vegetables, and
low levels of physical activity are associated, both inde-
pendently and when combined, with increased risk of pre-
mature mortality. Modest but achievable adjustments to
lifestyle behaviors are likely to have a considerable im-
pact at both the individual and population level. Devel-
oping more efficacious methods by which to promote
healthy diets and lifestyles across the population should
be an important priority of public health policy.

Accepted for Publication: October 9, 2009.
Correspondence: Elisabeth Kvaavik, PhD, Department
of Nutrition, University of Oslo, PO Box 1046 Blindern,
N-0316 Oslo, Norway (ekvaavik@medisin.uio.no).
Author Contributions: Study concept and design: Kvaa-
vik, Batty, and Gale. Analysis and interpretation of data:
Kvaavik, Batty, Ursin, Huxley, and Gale. Drafting of the
manuscript: Kvaavik, Batty, and Gale. Critical revision of
the manuscript for important intellectual content: Kvaa-
vik, Batty, Ursin, Huxley, and Gale. Statistical analysis:
Kvaavik, Batty, Ursin, Huxley, and Gale. Administrative,
technical, and material support: Kvaavik and Gale.
Financial Disclosure: None reported.
Funding/Support: The Health Promotion Research Trust
funded the Health and Lifestyle Survey. Dr Kvaavik is
funded by a grant from Norwegian Research Council. The
Medical Research Council (MRC) Social and Public Health
Sciences Unit receives funding from the MRC and the
Chief Scientist Office at the Scottish Government Health
Directorates. Dr Batty is a United Kingdom Wellcome
Trust Fellow. Dr Huxley is funded by a Career Develop-
ment Award from the National Heart Foundation of
Australia. Catharine Gale is funded by the MRC, United
Kingdom.
Online-Only Material: eTables 1 and 2 are available at
http://www.archinternmed.com.
Additional Contributions: The Office of the Regius Pro-
fessor of Physic, Cambridge University School of Clinical
Medicine, and numerous research workers conducted the
study, and the Economic and Social Data Service pro-
vided the data.

ARCH INTERN MED/ VOL 170 (NO. 8), APR 26, 2010 WWW.ARCHINTERNMED.COM
717

©2010 American Medical Association. All rights reserved.
(REPRINTED WITH CORRECTIONS)

Downloaded From: https://jamanetwork.com/ on 05/22/2023



REFERENCES

1. Batty GD, Kivimaki M, Gray L, Smith GD, Marmot MG, Shipley MJ. Cigarette smok-
ing and site-specific cancer mortality: testing uncertain associations using ex-
tended follow-up of the original Whitehall study. Ann Oncol. 2008;19(5):996-
1002.

2. Doll R, Hill AB. Mortality in relation to smoking: ten years’ observations of Brit-
ish doctors. Br Med J. 1964;1(5396):1460-1467.

3. Doll R, Hill AB. Mortality in relation to smoking: ten years’ observations of Brit-
ish doctors. Br Med J. 1964;1(5395):1399-1410.

4. Teo KK, Ounpuu S, Hawken S, et al; INTERHEART Study Investigators. Tobacco
use and risk of myocardial infarction in 52 countries in the INTERHEART study:
a case-control study. Lancet. 2006;368(9536):647-658.

5. Andersen LB, Schnohr P, Schroll M, Hein HO. All-cause mortality associated with
physical activity during leisure time, work, sports, and cycling to work. Arch In-
tern Med. 2000;160(11):1621-1628.

6. Batty GD, Shipley MJ, Marmot M, Smith GD. Physical activity and cause-
specific mortality in men: further evidence from the Whitehall study. Eur J Epidemiol.
2001;17(9):863-869.

7. Morris JN, Heady JA, Raffle PA, Roberts CG, Parks JW. Coronary heart-disease
and physical activity of work. Lancet. 1953;265(6796):1111-1120.

8. Morris JN, Heady JA, Raffle PA, Roberts CG, Parks JW. Coronary heart-disease
and physical activity of work. Lancet. 1953;265(6795):1053-1057.

9. World Cancer Research Fund. Food, Nutrition, Physical Activity and the Preven-
tion of Cancer: a Global Perspective. Washington, DC: American Institute for Can-
cer Research; 2007.

10. Gmel G, Gutjahr E, Rehm J. How stable is the risk curve between alcohol and
all-cause mortality and what factors influence the shape? a precision-weighted
hierarchical meta-analysis. Eur J Epidemiol. 2003;18(7):631-642.

11. Marmot MG, Rose G, Shipley MJ, Thomas BJ. Alcohol and mortality: a U-
shaped curve. Lancet. 1981;1(8220 pt 1):580-583.

12. Cox BD, Whichelow MJ, Prevost AT. Seasonal consumption of salad vegetables
and fresh fruit in relation to the development of cardiovascular disease and cancer.
Public Health Nutr. 2000;3(1):19-29.

13. He FJ, Nowson CA, Lucas M, MacGregor GA. Increased consumption of fruit and
vegetables is related to a reduced risk of coronary heart disease: meta-analysis
of cohort studies. J Hum Hypertens. 2007;21(9):717-728.

14. Heidemann C, Schulze MB, Franco OH, van Dam RM, Mantzoros CS, Hu FB. Di-
etary patterns and risk of mortality from cardiovascular disease, cancer, and all
causes in a prospective cohort of women. Circulation. 2008;118(3):230-237.

15. Hu FB, Willett WC. Optimal diets for prevention of coronary heart disease. JAMA.
2002;288(20):2569-2578.

16. Katz DL. Life and death, knowledge and power: why knowing what matters is
not what’s the matter. Arch Intern Med. 2009;169(15):1362-1363.

17. Khaw KT, Wareham N, Bingham S, Welch A, Luben R, Day N. Combined impact
of health behaviours and mortality in men and women: the EPIC-Norfolk pro-
spective population study. PLoS Med. 2008;5(1):e12.

18. Knoops KT, de Groot LC, Kromhout D, et al. Mediterranean diet, lifestyle factors,
and 10-year mortality in elderly European men and women: the HALE project.
JAMA. 2004;292(12):1433-1439.

19. van Dam RM, Li T, Spiegelman D, Franco OH, Hu FB. Combined impact of life-
style factors on mortality: prospective cohort study in US women. BMJ. 2008;
337:a1440.

20. Chiuve SE, McCullough ML, Sacks FM, Rimm EB. Healthy lifestyle factors in the
primary prevention of coronary heart disease among men: benefits among us-
ers and nonusers of lipid-lowering and antihypertensive medications. Circulation.
2006;114(2):160-167.

21. Kurth T, Moore SC, Gaziano JM, et al. Healthy lifestyle and the risk of stroke in
women. Arch Intern Med. 2006;166(13):1403-1409.

22. Myint PK, Luben RN, Wareham NJ, Bingham SA, Khaw KT. Combined effect of
health behaviours and risk of first ever stroke in 20,040 men and women over
11 years’ follow-up in Norfolk cohort of European Prospective Investigation of
Cancer (EPIC Norfolk): prospective population study. BMJ. 2009;338:b349.

23. Stampfer MJ, Hu FB, Manson JE, Rimm EB, Willett WC. Primary prevention of
coronary heart disease in women through diet and lifestyle. N Engl J Med. 2000;
343(1):16-22.

24. Ford ES, Bergmann MM, Kroger J, Schienkiewitz A, Weikert C, Boeing H. Healthy
living is the best revenge: findings from the European Prospective Investigation
Into Cancer and Nutrition-Potsdam study. Arch Intern Med. 2009;169(15):1355-
1362.

25. Mozaffarian D, Kamineni A, Carnethon M, Djousse L, Mukamal KJ, Siscovick D.
Lifestyle risk factors and new-onset diabetes mellitus in older adults: the Car-
diovascular Health Study. Arch Intern Med. 2009;169(8):798-807.

26. Cox BD, Blaxter M, Buckle ALJ, et al. The Health and Lifestyle Survey. Prelimi-
nary Report of a Nationwide Survey of the Physical and Mental Health, Attitudes
and Lifestyle of a Random Sample of 9003 British Adults. Cambridge, England:
Health Promotion Research Trust; 1987.

27. International drinking guidelines, 2009. International Center for Alcohol Policies
Web site. http://www.icap.org/PolicyIssues/DrinkingGuidelines/GuidelinesTable
/tabid/204/Default.aspx. Accessed October 1, 2009.

28. WHO/FAO Expert Consultation. Diet, Nutrition and the Prevention of Chronic
Diseases. Geneva, Switzerland: World Health Organization; 2003. Report 916.

29. Altman DG. Practical Statistics for Medical Research. London, England: Chap-
man & Hall/CRC; 2009.

30. Mason CA, Tu S. Partitioning the population attributable fraction for a sequential
chain of effects. Epidemiol Perspect Innov. 2008;5:5. doi:10.1186/1742-5573-5-5.

31. Hanley JA. A heuristic approach to the formulas for population attributable fraction.
J Epidemiol Community Health. 2001;55(7):508-514.

32. Andersen LF, Johansson L, Solvoll K. Usefulness of a short food frequency ques-
tionnaire for screening of low intake of fruit and vegetable and for intake of fat.
Eur J Public Health. 2002;12(3):208-213.

33. Kristjansdottir AG, Andersen LF, Haraldsdottir J, de Almeida MD, Thorsdottir I.
Validity of a questionnaire to assess fruit and vegetable intake in adults. Eur J
Clin Nutr. 2006;60(3):408-415.

34. Paalanen L, Mannisto S, Virtanen MJ, et al. Validity of a food frequency ques-
tionnaire varied by age and body mass index. J Clin Epidemiol. 2006;59(9):
994-1001.

35. Yarnell JW, Fehily AM, Milbank JE, Sweetnam PM, Walker CL. A short dietary
questionnaire for use in an epidemiological survey: comparison with weighed
dietary records. Hum Nutr Appl Nutr. 1983;37(2):103-112.

36. Physical Activity Recommendations, 2009. World Health Organization Web site.
http://www.who.int/dietphysicalactivity/factsheet_recommendations/en/index
.html. Accessed October 1, 2009.

37. Batty GD, Gale CR. Impact of resurvey non-response on the associations be-
tween baseline risk factors and cardiovascular disease mortality: prospective co-
hort study [published online July 15, 2009]. J Epidemiol Community Health. doi:
10.1136/jech.2008.086892.

38. Parsons TJ, Power C, Manor O. Longitudinal physical activity and diet patterns
in the 1958 British Birth Cohort. Med Sci Sports Exerc. 2006;38(3):547-554.

39. Telama R, Yang X, Viikari J, Valimaki I, Wanne O, Raitakari O. Physical activity
from childhood to adulthood: a 21-year tracking study. Am J Prev Med. 2005;
28(3):267-273.

40. Kvaavik E, Lien N, Tell GS, Klepp KI. Psychosocial predictors of eating habits
among adults in their mid-30s: the Oslo Youth Study follow-up 1991-1999. Int
J Behav Nutr Phys Act. 2005;2:9.

41. Lien N, Lytle LA, Klepp KI. Stability in consumption of fruit, vegetables, and sug-
ary foods in a cohort from age 14 to age 21. Prev Med. 2001;33(3):217-226.

42. Twisk JW, Kemper HC, van Mechelen W, Post GB. Tracking of risk factors for
coronary heart disease over a 14-year period: a comparison between lifestyle
and biologic risk factors with data from the Amsterdam Growth and Health Study.
Am J Epidemiol. 1997;145(10):888-898.

43. Koppes LL, Kemper HC, Post GB, Snel J, Twisk JW. Development and stability
of alcohol consumption from adolescence into adulthood: the Amsterdam Growth
and Health Longitudinal Study. Eur Addict Res. 2000;6(4):183-188.

44. National statistics UK: cigarette smoking in UK, 2009. http://www.statistics.gov
.uk/cci/nugget.asp?id=866. Accessed October 1, 2009.

45. Weekly alcohol consumption level: percentage exceeding specified amounts by
sex and age: 1988 to 2002. National Statistics UK Web site. http://www.statistics
.gov.uk/lib2002/tables/#drinking. Accessed October 1, 2009.

46. Statistics on obesity, physical activity and diet: England, February 2009. NHS
Information Centre, Lifestyle Statistics, Web site. http://www.ic.nhs.uk/webfiles
/publications/opan09/OPAD%20Feb%202009%20final.pdf. Accessed October 1,
2009.

ARCH INTERN MED/ VOL 170 (NO. 8), APR 26, 2010 WWW.ARCHINTERNMED.COM
718

©2010 American Medical Association. All rights reserved.
(REPRINTED WITH CORRECTIONS)

Downloaded From: https://jamanetwork.com/ on 05/22/2023



screening uptake over baseline rates and did not incor-
porate a formal cost analysis, we believe that this type of
approach has compelling advantages over health plan–
based interventions. Within integrated health systems and,
eventually, accountable care organizations,3 these ad-
vantages include the ability to mine clinical as opposed
to claims data; the harnessing of provider-patient rela-
tionships through personalized communication from the
health system where patients receive their care; and im-
mediate access to scheduling systems. Because of their
intrinsic advantages, we hope private health plans and
federal payers will expand value-based contracting and
pay-for-performance programs in order to support these
types of “in-house” population management programs.
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Correction

Errors in Tables. In the original article titled “Influence
of Individual and Combined Health Behaviors on Total
and Cause-Specific Mortality in Men and Women: The
United Kingdom Health and Lifestyle Survey” by Kvaavik
et al, published in the April 26 issue of the Archives (2010;
170[8]:711-718), the heading and entries in the first col-
umn of Table 3 should have read: “No. of Poor Health
Behaviors (No.) (%): 0 (387) (7.9); 1 (1263) (25.8);
2 (1795) (36.7); 3 (1127) (23.1); 4 (314) (6.4).” The head-
ing and the entries in the first column of Table 5 should
have read: “No. of Poor Health Behaviors (No.): 0 (361);
1 (1110); 2 (1546); 3 (957); 4 (267).”

Thomas D. Denberg, MD, PhD
Joel S. Levine, MD

(REPRINTED) ARCH INTERN MED/ VOL 170 (NO. 11), JUNE 14, 2010 WWW.ARCHINTERNMED.COM
998

©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023




