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Background There is limited evidence for an association between the pattern of
lifetime alcohol use and cause-specific risk of death.

Methods Multivariable hazard ratios were estimated for different causes of
death according to patterns of lifetime alcohol consumption using a
competing risks approach: 111 953 men and 268 442 women from
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eight countries participating in the European Prospective
Investigation into Cancer and Nutrition (EPIC) study were included.
Self-reported alcohol consumption at ages 20, 30, 40 or 50 years and at
enrolment were used for the analysis; 26 411 deaths were observed
during an average of 12.6 years of follow-up.

Results The association between lifetime alcohol use and death from car-
diovascular diseases was different from the association seen for
alcohol-related cancers, digestive, respiratory, external and other
causes. Heavy users (45 drinks/day for men and 42.5 drinks/day
for women), regardless of time of cessation, had a 2- to 5-times
higher risk of dying due to alcohol-related cancers, compared with
subjects with lifetime light use (41 and 40.5 drink/week for men
and women, respectively). Compared with lifetime light users, men
who used <5 drinks/day throughout their lifetime had a 24% lower
cardiovascular disease mortality (95% confidence interval 2-41).
The risk of death from coronary heart disease was also found to
be 34–46% lower among women who were moderate to occasionally
heavy alcohol users compared with light users. However, this rela-
tionship was only evident among men and women who had no
chronic disease at enrolment.

Conclusions Limiting alcohol use throughout life is associated with a lower risk
of death, largely due to cardiovascular disease but also other causes.
However, the potential health benefits of alcohol use are difficult to
establish due to the possibility of selection bias and competing risks
related to diseases occurring later in life.

Keywords Prospective study, lifetime alcohol use, cause-specific mortality,
EPIC

Introduction
Alcohol use has been linked to greater risk of death
from cancer, diseases of the digestive tract, injuries
and violence, and to a lower risk of death from car-
diovascular diseases (CVD).1.2 Studies have suggested
that the death rate among moderate alcohol users is
lower due to fewer deaths resulting from coronary
heart disease (CHD).3 The majority of these findings
are based on alcohol consumption at the time of en-
rolment into the study, and only a few studies have
collected information on lifetime use of alcohol.3,4

Additionally, it has been suggested that the lower
risk seen in alcohol users, compared with non-users,
may arise because the non-users comparison group
includes never and former users who stopped alcohol
consumption because of illness (termed ‘sick–quit-
ters’), as well as those who have other high-risk pro-
files for illness that may have caused low alcohol
tolerance (e.g. family history of alcohol dependency,
pre-existing conditions, medications or mental ill-
nesses.5–7). Unmeasured confounding may also ex-
plain some of these findings, as people who use
moderate amounts of alcohol have multiple favour-
able characteristics (as compared with non- or heavy

users).8–11 Others argue in favour of a causal relation-
ship between alcohol consumption and CHD risk.3

A recent meta-analysis however, showed that quitting
the use of alcohol was only associated with higher
CHD mortality but not CHD morbidity, compared
with abstention from alcohol.4 It is therefore still
not well understood whether the cause of death
varies according to the magnitude or variability of
alcohol use over the life span.

The European Prospective Investigation into Cancer
and Nutrition (EPIC) study collected information on
the habitual use of alcoholic beverages from partici-
pants at ages 20, 30, 40, 50 years and at the time of
enrolment into the study. The relationship between pat-
terns of lifetime alcohol use with the risk of death from
leading causes (i.e. CVD, cancer, diseases of the digest-
ive or respiratory system, external and other causes)
was integrated in a competing risks approach.

Methods
Study population
EPIC is an ongoing multi-centric cohort study. The
study has been described in detail previously.12 In
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brief, the EPIC population consists of sub-cohorts re-
cruited in 23 centres in 10 European countries. From
1992 to 2000, 519 978 men and women, mainly aged
25–70 years, were recruited from the general population
residing in surroundings of the study centres.
Exceptions were the cohorts of France (female mem-
bers of a health insurance for school employees),
Utrecht (breast cancer screening attendees), Spain
(mainly blood donors and their spouses), and Oxford
(mainly vegetarian and health-conscious people).
Those who accepted the invitation to participate in the
study gave informed consent and completed question-
naires on diet, lifestyle and medical history, and most
visited an examination centre where a blood sample
and body measurements were taken.

Of the 519 978 participants, a total of 139 583 were
excluded (see Figure 1 for more detail), leaving

380 395 available for analysis. These included partici-
pants from Denmark (Aarhus, Copenhagen),
France, Germany (Heidelberg, Potsdam), Greece, Italy
(Florence, Varese, Ragusa, Turin), The Netherlands
(Utrecht), Spain (Asturias, Granada, Murcia, Navarra,
San Sebastian), and the UK (Cambridge, Oxford) with
an average follow-up duration of 12.6 (�2.6) years.

The study was approved by ethical review boards
of each of the participating study centres and the
International Agency of Research on Cancer in Lyon,
France.

Assessment of lifetime alcohol use
Participants reported the number of glasses of wine,
beer/cider, fortified wine and spirits they habitually
consumed when they were 20, 30, 40 or 50 years
old in a standardised lifestyle questionnaire. Further,

N=517 402 (152 154 men; 365 248 women) 
36 975 deaths (16 844 men; 20 131 women) 

N=392 756 (115 671 men; 277 085 women) 
27 762 deaths (12 339 men; 15 423 women) 

Missing dietary or lifestyle 
ques�onnaire data N= 6642 
(1377 deaths) 

Implausible dietary data (top or 
bo�om 1% of the ra�o energy 
intake to energy requirements) 
N=7793 (785 deaths) 

Final study popula�on N=380 395 
(111 953 men; 268 442 women) 

26 411 deaths (11 738 men; 14 673 women) 

Study centres where informa�on on 
alcohol use in the past was not 
collected: Naples (Italy) N=5061 
(136 deaths), Bilthoven (The 
Netherlands) N=21 944 (946 deaths), 
Sweden N=53 814 (5 779 deaths) 
and Norway N=37 185 (975 deaths)  

No follow-up or informa�on on 
vital status N=2576 

N=399 398 (118 720 men; 280 678 women) 
29 139 deaths (13 029 men; 16 110 women) 

Original EPIC cohort N=519 978 
(366 521 women and 153 457 men) 

N=384 963 (113 387 men; 271 576 women) 
26 977 deaths (11 984 men; 14 993 women) 

Missing data on alcohol use in 
the past N= 4568 (566 deaths) 

Figure 1 Study population of the European Prospective Investigation into Cancer and Nutrition study and exclusions in the
current analysis
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a semi-quantitative centre-specific dietary question-
naire included questions on alcoholic beverages con-
sumed during 12 months prior to enrolment. Glasses
of alcoholic beverages reported in both questionnaires
were converted into grams of alcohol per day (g/day)
by applying empirically derived definitions of stand-
ard drinks for each beverage and country of EPIC.
This approach was adopted because the application
of common standard drinks does not take gender
and the variation of alcohol content, glass size and
filling level into account, leading to less accurate in-
dividual estimates of alcohol consumption.13 The cal-
culation of beverage-specific standard drinks was
based on detailed information from 36 181 24-hour
dietary recalls14 of which 17 978 (from 8223 men
and 9755 women) contained data on consumed alco-
holic beverages. For each point in time, the sum of g/
day alcohol from wine, beer and spirits was calculated
based on the alcohol content of one glass of each
alcoholic beverage multiplied by the reported fre-
quency of consumption per week. This was divided
by seven to give grams per day and gender-specific
cut-off points were applied to each point in time
(Figure 2). The cut-off points were chosen to facilitate
interpretation of the gram-based alcohol categories

(as the number of drinks assuming that an average
alcohol content of one glass of any alcoholic beverage
is 12 grams15) and according to recommended upper
limits of daily alcohol consumption of one drink/day
for women and two drinks/day for men.16–18

Participants were then categorised as never users,
former users or lifetime users of alcohol. The exclusive
categories characterising the pattern of lifetime alco-
hol use was then defined based on the variation of
alcohol consumption over time (Figure 2).

Assessment of other lifestyle variables
Information on smoking status and duration, non-
occupational physical activity, medical history and
educational attainment was obtained using standar-
dised questions in all study centres. Body measures
(height, weight and circumferences) were mostly
taken with individuals wearing light clothing and
no shoes, or were self-reported (Oxford, France).19

Body mass index (BMI) was calculated as weight
divided by height squared (kg/m2). Dietary data
were collected with centre-specific questionnaires
and calibrated across centres using 24-hour dietary
recall information.20

Figure 2 Definition of exclusive categories of pattern of alcohol use during lifetime
a(American Heart Association; World Cancer Research Fund/American Institute for Cancer Research; National Institute of
Alcoholism and Alcohol Abuse)
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Assessment of causes of death
Participants were followed from study entry until
death, emigration, withdrawal or the end of the
follow-up period, as appropriate. Vital status and in-
formation on cause and date of death were ascer-
tained using record linkages with cancer registries,
boards of health, death registries (Denmark, Italy,
The Netherlands, Spain, the UK), or by active
follow-up (France Germany, Greece). Germany and
Greece identified deceased individuals from undeliver-
able follow-up mailings and subsequent enquiries to
municipality registries, regional health departments,
physicians or hospitals. In France, information on
deceased participants was obtained using the data-
base of health insurance for school employees and
the national death index. Data were coded using
the 10th Revision of the International Classification
of Diseases, Injuries and Causes of Death (ICD-10)
where the underlying cause is the official cause of
death. Due to variations in procedures used to check
vital status in each of the participating centres,
follow-up dates were truncated at the date at which
more than 80% of the causes were known. Among the
380 395 eligible participants, 26 411 deaths were iden-
tified during the study period. Of these: 2587 were
from CHD (I20-I25); 3322 from CVD other than
CHD (I00-I99 excl. I20-I25); 2764 from alcohol-
related cancers (C01-C06, C09-C15, C18-22; C32;
C50 in women); 7789 from other neoplasms (malig-
nant, uncertain, benign: C00-D48 excl. C01-C06, C09-
C15, C18-22; C32); 1125 from diseases of the respira-
tory tract (J00-J99); 572 from diseases of the digestive
system [K00-K93 (excl. K292, K70, K860)]; 972 from
external causes, such as accidents, suicide, and homi-
cide (S00-T98, V01-Y98) and 2404 from other causes,
among them diseases of the nervous system [F00-F99
(excl. F10), G00-G99 (excl. G312, G4051, G621,
G721): N¼ 706] or conditions directly related to alco-
hol (F10, G312, G4051, G621, G721, I426, K292, K70,
K860, R78, X45, X65, Y15, Y919: N¼ 266). A total of
340 deaths of unknown cause (R96-R99) and 4536
deaths where the information on cause was missing
(coded as ‘cause missing’) were combined into one
category. Results for this group are not presented.

Statistical analysis
Hazard ratios (HR) of death across categories of life-
time alcohol use were estimated using Cox propor-
tional hazards regression; extended analyses were
done using a competing risks approach. Here, a
single statistical model was fitted assuming the asso-
ciation between alcohol use and each cause of death
is different, based on the approach described by Lunn
and McNeil,21 which stratifies on event type and
allows for estimation of the separate associations of
each lifetime alcohol use with the relative hazard of
each outcome under a proportional hazards assump-
tion. In contrast, the relationship between each con-
founding variable was assumed to be homogeneous

across different causes of death. To test for differences
across different causes of death, the competing risks
model was compared with a model where the associ-
ation of alcohol with cause-specific death was held
constant across outcomes. Models were compared
using the likelihood-ratio test, with P-values based
on the chi-square distribution, <0.05 considered stat-
istically significant.

To investigate the shape of the relationship between
alcohol use among consumers at enrolment and risk
of each type of cause of death, we used restricted
cubic spline regression with knots at g/day alcohol
of 0.86, 2, 24, 60 (men) or 0.35, 1, 12, 30 (women).
The first knot (based on the 5th percentile) repre-
sented very low alcohol consumption, whereas the
other knots corresponded to the cut-off points as
applied to the pattern variables (see Figure 2). To
test the robustness of the shape of the association,
models were also done using knots based on 5th,
25th, 75th and 95th percentiles (men: 0.86, 6.84,
35.5, 71.0 g/day; women: 0.35, 1.81, 13.6, 36.0 g/day);
the shapes of the curves remained unchanged (data
not shown).

Both types of models used light alcohol users as the
reference group and were stratified by age at enrol-
ment (in 1-year categories) and study centre to reduce
the likelihood of potential violations to the propor-
tional hazards assumption. Age was the underlying
time variable in all analyses. Entry time was defined
as the participant’s age at enrolment and exit time as
age at death or censoring, whichever came first. All
models were further adjusted for: smoking status
[never smokers, smokers at enrolment of <15,
15–24, 424 cigarettes/day, other smoking (pipe, cigar
etc.), former smokers for 410, 11–20, 420 years,
unknown]; smoking duration (410, 10–20, 20–30,
31–40, 440 years, unknown); educational attainment
(no graduation or primary school, technical or profes-
sional school, secondary school, university degree, un-
known); household and recreational physical activity
[gender-specific quartiles of metabolic equivalent
(MET) h/week: low, medium, high, very high, un-
known]; BMI (kg/m2, continuous); height (cm, con-
tinuous); waist circumference (cm, continuous); and
intake of red meat and meat products, fruit and vege-
tables and dietary fibre (g/day, continuous). In
women, the models were additionally adjusted for
the number of live births (0, 12, 3–4, 5–6, 57), meno-
pausal status (pre-, post-, peri-, surgical postmeno-
pausal), and menopausal hormone use (yes, no,
unknown). The main models on lifetime alcohol use
were not adjusted for prevalent diseases (self-reported
myocardial infarction, stroke, cancer, diabetes, and
hypertension), although we conducted subgroup ana-
lyses of specific causes of death (i.e. CVD, cancer,
other) by disease status at enrolment (yes/no).
Differently from models with lifetime alcohol use,
alcohol consumption at enrolment was modelled in
two ways: first adjusting for prevalent diseases (to
account for lower alcohol use due to sickness) and

1776 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY



secondly by excluding diseased participants (to be
consistent with previous studies using information
on alcohol use at enrolment). We additionally inves-
tigated the association of alcohol consumption at the
time of enrolment and risk of death by stratifying by
past alcohol use and using recommended limits
as cut-off points (men 424 g/day, women 412 g/
day):16–18 alcohol consumption, below the limit,
both at enrolment and in the past (reference);
below the limit at enrolment and above in the past;
above the limit at enrolment and below in the past;
and above the limit both at enrolment and in the
past. These models used the same stratification by
age and adjustments as previous models (including
adjustment for prevalent diseases).

To rule out a potential reporting bias of past alcohol
use due to bad health at enrolment, a shorter lifetime
period of potential alcohol exposure, or different cul-
tural backgrounds of alcohol use in European regions
included in this analysis, we conducted a sensitivity
analysis that excluded deaths that occurred (i) during
the first 3 years of follow-up, (ii) participants 450
years of age and (iii) stratifying by geographical
region [North Europe including Denmark, Germany,
The Netherlands and the UK vs South Europe includ-
ing France (women only), Italy, Spain, Greece].

Finally, we calculated the rate advancement periods
(RAP) for all-cause mortality applying similar (fully
adjusted) Cox models with follow-up period as the
underlying time variable and age at recruitment as a
covariate.22 The RAP is defined as the average time
period (in years) by which the death rate is advanced
(i.e. number of years lost, compared with lifetime
light alcohol use), conditional on survival to the age
at enrolment.

The analyses were conducted separately for men and
women because they metabolise alcohol differently
and have different levels of alcohol consumption
and associated socio-demographic factors, which
may modify the relationship between alcohol use
and death.23,24 A test for interaction by gender was
performed by comparing the difference of log-likeli-
hood of models with and without the interaction term
with the chi-square distribution with degrees of free-
dom equal to the number of terms. The test for trend
across categories of lifetime alcohol use was based on
the median alcohol consumption at enrolment in each
category. Analyses were performed using SAS 9.2
(SAS Institute, Cary, NC).

Results
Description of alcohol users
Among men, 98% had used alcohol at some point
during their lifetime (N¼ 110 162) and of those the
majority (96%) were alcohol users at the time of en-
rolment (Table 1). Most of these men (80%) were
always light users (3%), always below the recom-
mended limit (39%) or light to moderate users

(38%). About one-fifth of alcohol users reported
heavy alcohol use at some point in their lifetime. Of
the non-users at enrolment (N¼ 6718), 73% were
former alcohol users. Men who were lifetime light,
below the recommended limit, or light to moderate
alcohol users were more highly educated than lifetime
or former heavy users. Lifetime heavy users were
more likely to be younger, a long-term smoker, to
have a higher meat intake and to have more abdom-
inal obesity than lifetime light, below the recom-
mended limit, or light to moderate alcohol users.
Comparably, former heavy users were more likely to
be heavy smokers and to report a prevalent disease.

In women, 15% were non-users of alcohol at enrol-
ment, most of whom (68%) were never users
(Table 2). Among lifetime alcohol users (N¼
227 705), the vast majority (88%) were light (15%),
below the recommended limit (44%), or light to mod-
erate alcohol users (29%). Women with heavy alcohol
consumption were on average younger, more likely to
be highly educated, to be a smoker and to have a low
intake of fruits and vegetables, and were less likely to
report a prevalent disease than all other types of al-
cohol users. Among women who had used alcohol at
some point during their lifetime (N¼ 240 767), 12%
had used it heavily at least at one of these points.
Similarly to men, a higher proportion of women
who were former heavy alcohol users reported a
prevalent disease or long-term smoking.

Cause-specific mortality according to lifetime
alcohol use
Compared with men who had used alcohol lightly
throughout their lifetime up to enrolment, men who
were former heavy users had higher relative risks of
death for the largest number of causes, and this was
most pronounced for alcohol-related cancers (5-fold
increased risk), other causes (3.1-fold), diseases of
the digestive (2.7-fold) or respiratory system (2.4-
fold), but also for other neoplasms (1.8-fold), CHD
and other CVD (1.7- and 1.6-fold, respectively)
(Table 3). Former light to moderate users also had a
higher risk of death from alcohol-related and other
cancers and other causes (1.4–2.4-fold). Among life-
time alcohol users, men who were heavy or occasional
heavy users had a higher risk of death from alcohol-
related and other cancers, digestive diseases and ex-
ternal and other causes.

In contrast, men whose lifetime alcohol consump-
tion remained below the recommended limit or light
to moderate had a 28% and 24% lower risk of death
from CVD, respectively. No association was seen
among always or occasionally heavy users.

Similarly to men, women who were heavy alcohol
users throughout their lifetime had higher risks of
death from alcohol-related cancer (about 2-fold) re-
spiratory (3.5-fold), digestive (about 10-fold) or other
causes (about 3-fold) compared with lifetime light
users. Also similarly to men, lower relative risks of
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death from cardiovascular events were observed in
women who used alcohol always below the recom-
mended limit, never-heavy or occasionally heavy
(34%, 38% and 46%, respectively) compared with life-
time light users. It should be noted that the lower
relative risk of death among occasionally heavy
users was stronger and statistically significant only
after multiple adjustments. The numbers of deaths
among former heavy users was small for all causes;
however, former heavy users had a higher risk of
death from respiratory diseases and external causes
(about 4–5-fold increased risk), digestive diseases
(about 15-fold) and other causes (about 3-fold), com-
pared with always light alcohol users (Table 4).

When analyses for broad causes of death (CVD,
cancer and other causes) were stratified by disease
status at enrolment, the lower risks of death from
CVD in men and women were only evident amongst
those who had not developed diseases before enrol-
ment (Supplementary Tables 1 and 2, available as
Supplementary data at IJE online). In women, but
not in men, the shape of the relationship differed
according to disease status (P for interaction¼ 0.013),
although the risk estimates were similar between men
and women, with a 50% lower risk of death from CVD
among alcohol users without a chronic disease at en-
rolment and a 33% higher risk among never alcohol
users who had developed a chronic disease at enrol-
ment, compared with lifetime light alcohol users.

Further sensitivity analyses showed that excluding
deaths that occurred within the first 3 years of follow-
up, or participants who were aged 450 years at the
time of enrolment, did not alter the results. However,
some of the associations were more evident either in
northern or in southern countries such as: death from
CVD (excluding CHD) among men, where a lower risk
of death among those who used alcohol within the
recommended limit existed only in northern countries
(P for interaction¼ 0.043); and death from other neo-
plasms in women, where the higher risks among
never and former alcohol users were only seen in
southern countries (P for interaction¼ 0.0049).

Relative risk curves for alcohol consumption
at enrolment
The risk relationship between alcohol consumption
during midlife and cause of death was non-linear in
men for CVD, respiratory, digestive, external and other
causes, and for CHD, other neoplasms, respiratory and
other causes in women (Figures 3 and 4). Although
the gradients and the nadirs of the relative risk
curves differed considerably, most of the associations
between alcohol use and cause of death were statistic-
ally significant. In men, two patterns of curves were
observed for alcohol consumption at the time of enrol-
ment. One was associated with a higher relative risk
of death from alcohol-related cancers, digestive and
external causes, other neoplasms and other causes,
only for consumption higher than 24g/day (Figure 3).

However, this pattern was not observed for death from
CHD, other CVD or respiratory diseases where the risk
curve did not increase with higher alcohol consump-
tion. In women, the risk relationships for death from
almost all causes were similar to those seen in men
except for external causes, alcohol-related cancers,
and diseases of the digestive system, where with
increasing alcohol consumption the relative risk
curves of death from digestive causes increased more
steeply and those from external causes and alcohol-
related cancers attenuated apparently (Figure 4).

Sensitivity analyses investigated the shapes of the
curves following exclusion of participants with a
self-reported prevalent disease and following adjust-
ment for prevalent disease. The shapes of the risk re-
lationship for alcohol consumption and death
changed slightly in men and obviously in women
for diseases of the digestive system, and slightly for
alcohol-related cancer and other causes in women
(Supplementary Figures 3 and 4, available as
Supplementary data at IJE online). Excluding
women with prevalent diseases (instead controlling
for disease status at enrolment) attenuated the rela-
tive risk of death from alcohol-related cancers and
increased the relative risk of death from a disease of
the digestive system even further at a level of alcohol
use higher than 12 g/day.

Alcohol consumption at enrolment and cause
of death taking past use into account
Compared with participants who used alcohol within
recommended limits throughout their lifetime, those
who had used it more heavily in the past (but not at
enrolment) had higher risks of death from CVD
[women: HR 1.21; 95% confidence interval (CI) 1.02,
1.43], alcohol-related cancer (men: HR 1.32; 95% CI
1.10, 1.60), disease of the respiratory system (men:
HR 1.28; 95% CI 1.01, 1.62), external cause (men: HR
1.51; 95% CI 1.18, 1.93) or other causes (men: HR 1.49;
95% CI 1.24, 1.79; women: HR 1.27; 95% CI 1.03, 1.58).
Compared with men who had a lifetime alcohol use
below the recommended limit, there was a higher
risk of death from alcohol-related cancer in men who
used more than the recommended amount at enrol-
ment, regardless of their past consumption habits
(HR 1.36; 95% CI 1.05, 1.76 if their whole past con-
sumption was below the limit or HR 1.57; 95% CI 1.33,
1.87 if their past consumption was always or occasion-
ally above the limit). Higher risks were also seen with
a lifetime alcohol use above the recommended limit
for death from digestive (HR 1.42; 95% CI 1.02, 1.96),
external (HR 1.57; 95% CI 1.24, 1.99) and other causes
(HR 1.54; 95% CI 1.29, 1.84). In women however, com-
pared with those who used alcohol below the recom-
mended limit throughout their lifetime, a lower
relative risk of death from CHD was seen among
those who used alcohol heavily at enrolment although
having using alcohol in the past below the recom-
mended limit (HR 0.57; 95% CI 0.41, 0,78).
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A total of 266 participants died from a cause directly
related to alcohol use (e.g. alcohol-induced intoxica-
tion, dependence, certain external causes), of whom
197 were men. Compared with men who consistently
used alcohol below the recommended limit (i.e. at
enrolment and in the past), men who had previously
used it above the limit (but whose consumption was
lower at enrolment) had a risk of death from alcohol-
related causes of 7.12 (95% CI 3.79, 13.37); those who
had used more than the recommended limit, but not
in the past, had a corresponding risk of 5.08 (95% CI
2.48, 10.52); men who used more than the recom-
mended limit over their lifetime (i.e. in the past and
at enrolment) had a risk of death from a cause dir-
ectly related to alcohol of 9.22 (95% CI 5.11, 16.63).
The number of women who died from a cause directly
related to alcohol was too small for reasonable
analysis.

Competing risks across causes
The statistical tests for both models of lifetime alcohol
use and alcohol consumption at enrolment showed
different relationships for many causes in men
and in women (Supplementary Tables 3 and 4, avail-
able as Supplementary data at IJE online). Distinct

relationships were observed for death from alcohol-
related cancer as compared with CHD or CVD in
men and in women (all P-values for difference were
statistically significant). Further contrasts between risk
associations of lifetime pattern or alcohol use at enrol-
ment emerged for external and other causes in men
and for diseases of the digestive system in women
when compared with all other groups of causes.

All-cause mortality and rate advancement
period
Compared with men and women who used alcohol
lightly throughout their lifetime, those who used it
in restricted amounts (i.e. below the recommended
limits throughout their lifetime) had the lowest rela-
tive risk of overall death, whereas those who used
alcohol heavily, either at enrolment or in the past,
had the highest relative risk of death (Table 5).
Women who were never alcohol users also had a
greater risk of death than lifetime light users.
Expressing the relative risks as advancement periods,
compared with lifetime light alcohol users of the
same age at enrolment, former light to moderate
users had died, on average, 1.5–years earlier; former
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Figure 4 Spline regression of the association of g/d alcohol
use at enrolment and causes of death among women par-
ticipating in the European Prospective Investigation into
Cancer and Nutrition (EPIC) study, whose alcohol use was
40 at that time; stratifying by centre and age and adjusting
for body mass index, height, waist circumference, intake of
fruits, vegetables, red meat and meat products, dietary fibre,
physical activity, education, smoking, menopausal hormone
use, number of live births, menopausal status and prevalent
disease (self-reported cancer, myocardial infarction, stroke,
diabetes mellitus or hypertension).
P-values for linearity and for general effect respectively
were for CHD¼ 0.028 and <0.001, CVD¼ 0.089 and 0.061,
alcohol-related cancers¼ 0.076 and 0.028, other neo-
plasms¼ 0.013 and 0.033, respiratory causes¼ 0.001 and
0.003, digestive causes¼ 0.950 and 0.002, external
causes¼ 0.399 and 0.602 and other causes¼ 0.001 and
<0.001.
CHD, coronary heart disease; CVD, cardiovascular disease
other than CHD; AC, alcohol-related cancer; ON, other
neoplasms; R, respiratory system; D, digestive system; E,
external causes; OC, other causes
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Figure 3 Spline regression of the association of g/day al-
cohol use at enrolment and causes of death among men
participating in the European Prospective Investigation into
Cancer and Nutrition (EPIC) study, whose alcohol use was
40 at that time, stratifying by centre and age, and adjusting
for body mass index, height, waist circumference, intake of
fruits, vegetables, red meat and meat products, dietary fibre,
physical activity, education, smoking and prevalent disease
(self-reported cancer, myocardial infarction, stroke, diabetes
mellitus or hypertension).
P–values for linearity and for general effect respectively
were for CHD¼ 0.151 and 0.004, CVD¼ 0.001 and 0.001,
alcohol-related cancers¼ 0.059 and <0.001, other neo-
plasms¼ 0.172 and <0.001, respiratory causes¼<0.001 and
<0.001, digestive causes¼<0.001 and <0.001, external
causes¼ 0.044 and <0.001 and other causes¼<0.001 and
<0.001.
CHD, coronary heart disease; CVD, cardiovascular disease
other than CHD; AC, alcohol-related cancer; ON, other
neoplasms; R, respiratory system; D, digestive system; E,
external causes; OC, other causes
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heavy users died, on average, 5.2 years earlier. The
corresponding figures for women were 1.5 and 3.7
years, respectively. Lifetime heavy alcohol users died
on average 3.2 (men) and 2.0 (women) years earlier
than lifetime light users. Men who never used alcohol
died 5.1 years earlier than lifetime light users when a
prevalent disease was present at enrolment, whereas
those without a disease had a death rate similar to
that of lifetime light alcohol users. Further, former
heavy alcohol users with a prevalent disease died
about 17.4-years earlier than lifetime light users
with a prevalent disease; among those without preva-
lent disease, former heavy users died only 3.4 years
earlier than lifetime light users.

Discussion
In this large European cohort study, cause of death
was differentially associated with the pattern of life-
time alcohol use, with light to moderate alcohol con-
sumption throughout their lifetime showing a lower
risk of CHD (CVD in men) and heavy use increasing
the risk of alcohol-related cancer, other cancers, di-
gestive diseases and other causes. Compared with
users who consumed low amounts of alcohol
throughout their lifetime, former alcohol users had a
higher risk of death from CHD (CVD in men), which
is in line with a previous meta-analysis.4 Conversely,
those whose lifetime alcohol consumption was below
the recommended limits of two (men) or one
(women) drinks per day (16–18) had the lowest risk
of death from CVD, although this was only among
those without a prevalent disease at time of enrol-
ment (i.e. hypertension, diabetes, myocardial infarc-
tion, stroke or cancer). Women who used light to
moderate amounts, as well as those who were occa-
sional heavy alcohol users, had a 30–40% lower risk of
death from CHD compared with lifetime light users.
These apparent beneficial effects were again seen only
in women without a prevalent disease at the time of
enrolment. Relative risks in men and women were
higher for death from alcohol-related cancer, digest-
ive, respiratory or external cause among those who
used alcohol below the recommended limit at enrol-
ment but had used it above this limit in the past,
suggesting that they may have reduced their alcohol
consumption due to illness. These figures suggest that
risk associations between alcohol use in middle to
later age and death, as also observed in many previ-
ous studies, reflect an underlying pattern of lifetime
alcohol use where moderate use of up to 30 g/day al-
cohol may actually be a sign of good physical and
mental health and not necessarily a cause of it.
Previous studies leading to the causal understanding
may be also biased by self-selection of healthy sur-
vivors. This speculation is supported by the findings
in our study that former moderate users still had a
higher riskof dying than ‘current’ moderate users. By
removing former alcohol users from a sample, one is

likely to intrinsically select the healthy. This also may
be an explanation for the fact that women who were
categorised as ‘occasionally heavy’ alcohol users had a
440% lower risk of death from CHD. Another possible
explanation can be found based on competing risks
because the number of deaths due to CHD was low
among women using alcohol occasionally heavily, and
no CHD death was seen among the heavy users, very
likely due to most or all of them dying of causes other
than CHD. This is supported by the competing risks
analysis that clearly showed an opposite association of
alcohol use and death from CHD vs alcohol-related
cancers and most of the other causes. In the Nurses’
Health Study, a lower risk of death among consumers
of alcohol was found not specifically for death from
CHD, but also for non-cancer causes,25 suggesting
that there may be competing risks rather than a real
benefit of alcohol consumption for CHD prevention.

Many studies including our own showed that mod-
erate alcohol consumption at enrolment was related
to lower CHD or other CVD mortality.3,26 Our study
and others also showed evidence that heavy alcohol
use increases the risk of several cancers27 and various
causes of death,2 even among heavy users who had
reduced alcohol consumption to below the recom-
mended limit at the time of enrolment.

Women who never used alcohol had a higher risk of
death from CVD (but not CHD), compared with those
whose lifetime alcohol use was light. Never alcohol
users had also higher risks of death from non-alcohol
related cancers and diseases of the respiratory and
digestive systems. This suggests that the higher mor-
tality rate is unlikely to be due to the lack of alcohol
per se, but rather due to other characteristics that
differ between never users and users of alcohol.28

This is further supported by a study that found that
the higher risk of death among women who abstained
for a longer period was attenuated when characteris-
tics such as income, employment status, ethnicity, re-
ligiosity and social isolation were taken into
consideration.29 Other studies have also shown that
never users have different health behaviours com-
pared with users of alcohol.7

It is also possible that a certain proportion of alcohol
users were misclassified as never users (e.g. due to
social desirability bias or due to infrequent alcohol
users retrospectively defining themselves as a never
user).30,31 However, extensive misclassification seems
unlikely because <1% of alcohol-related deaths (such
as alcoholic liver disease, alcohol misuse or alcohol-
induced chronic pancreatitis) occurred in never alcohol
users. Conversely, the highest proportion of alcohol-
related deaths (60%) occurred in heavy alcohol users.
Furthermore, in terms of the amount of alcohol used
in the past, trends of lifetime alcohol use in the EPIC
study corresponded to the trends of the per capita con-
sumption in the European countries across age cohorts,
suggesting that our exposure measure is valid.32

Similarly to other observational studies, uncon-
trolled selection biases limit the interpretation of our
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findings and experimental study designs to investi-
gate the effect of alcohol on cause of death are not
feasible. Analysis was also limited by the fact that
there was no information available on: the age of
onset of alcohol use; potential periods of abstaining
throughout life; or prospective information on alcohol
use after enrolment until death. The effect of alcohol
use during follow-up is unlikely to have as big an
effect as the previous alcohol consumption during
lifetime until enrolment. We did not have information
on the number of drinks used on one occasion (binge
drinking), the frequency of consumption or whether
alcoholic beverages were consumed with meals, all of
which may influence disease risk.33–36 The stratifica-
tion of our analysis by northern versus southern
European countries, where the pattern of alcohol
use is known to be different,36 indicated that men
from the north (Denmark, Germany, The
Netherlands and the UK) who used alcohol below
the recommended limit had a lower risk of death
from CVD; this association was not observed in south-
ern countries (Greece, Spain and Italy). Conversely,
only women who never used alcohol and were from
southern countries had a higher risk of death from
cancers not related to alcohol consumption. This sug-
gests the presence of some other relevant factors we
could not account for, or that these differences could
be due to chance. Further, the small numbers of
heavy alcohol users, particularly in women, impedes
the reliable estimation of the risk of death in women
beyond those using 430 g/day alcohol.

We did not present results of lifetime alcohol use on
the risk of death after adjustment for prevalent dis-
eases because diseases occurring before enrolment
into the study may have been related to alcohol con-
sumption. Controlling for lifestyle and socio-demo-
graphic factors (e.g. diet, cigarette smoking, physical
activity or educational attainment) at the time of en-
rolment revealed possible confounding of the associ-
ations of alcohol use with cause of death since
relative risk estimates for categories of lifetime light
to moderate consumption were only statistically sig-
nificantly in the fully adjusted models. Moreover,
relative risk estimates were generally attenuated par-
ticularly in the categories of heavy alcohol consump-
tion, after full adjustment. Residual confounding,
therefore, cannot be ruled out.

We chose lifetime light alcohol users of 42 g/day and
41 g/day as the reference because these men and
women, although they are physically able to use alco-
hol, consume alcohol at a level that is so low and infre-
quent that it presumably could not affect disease risk.6

Only a few prospective studies (mainly on CVD mor-
tality) have been able to distinguish between never and
former alcohol users,3,26 and to our knowledge no pre-
vious study has information on lifetime variation of
alcohol consumptions at different times throughout
life. A further strength of our study is the application
of one model for all leading causes. Most previous

studies or meta-analyses have focused on single
causes3,27 or on former users,4 or have needed to pool
different studies to look at multiple endpoints.2

In conclusion, limiting alcohol consumption
throughout lifetime to, on average, one drink per
day in women and two drinks per day in men (as
recommended by the American Heart Association,
the World Cancer Research Fund/American Institute
for Cancer Research and the National Institute of
Alcoholism and Alcohol Abuse) is associated with
an apparent lower risk of death. However it is difficult
to determine whether this association is causal, due to
the possibility of selection bias, confounding and
competing risks.
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Supplementary data is available at IJE online.
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KEY MESSAGES

� The role of alcohol in relation to premature cause-specific death was determined by estimating the
use of alcohol throughout life.

� Compared with men and women who used low amounts of alcohol throughout their lifetime, heavy
alcohol use at any time during life was associated with a higher risk of death from alcohol-related
cancer, external causes and ‘other causes’ but not from coronary heart disease and other cardiovas-
cular diseases (except among men who were former heavy users).

� Upper limits for alcohol use of one and two drinks per day for women and men, respectively, were
recommended by the American Heart Association, the World Cancer Research Fund/American
Institute for Cancer Research and the National Institute of Alcoholism and Alcohol Abuse. In this
study, the relative risk of overall death and cardiovascular death was lower among those with an
average lifetime use of one drink per day compared with one-half drink per week for women, and two
drinks per day compared with one drink per week for men. However, these lower relative risks applied
only to those study participants considered free of disease at time of enrolment into the study.

� The apparent health benefit of low to moderate alcohol use found in observational studies could
therefore in large part be due to various selection biases and competing risks, which are related to
both lifetime alcohol use and risk of disease, usually occurring later in life.

� Individual data on lifetime alcohol use, in contrast to information about alcohol use at enrolment
only, adds relevant information because it allows investigation of the effect of past alcohol use on
health.
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