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Alcohol consumption and mortality: modelling risks for
men and women at different ages
Ian R White, Dan R Altmann, Kiran Nanchahal

Abstract
Objective To estimate the relation between alcohol
consumption and risk of death, the level of alcohol
consumption at which risk is least, and how these vary
with age and sex.
Design Analysis using published systematic reviews
and population data.
Setting England and Wales in 1997.
Main outcome measures Death from any of the
following causes: cancer of lip, oral cavity, pharynx,
oesophagus, colon, rectum, liver, larynx, and breast,
essential hypertension, coronary heart disease, stroke,
cirrhosis, non-cirrhotic chronic liver disease, chronic
pancreatitis, and injuries.
Results A direct dose-response relation exists
between alcohol consumption and risk of death in
women aged 16-54 and in men aged 16-34. At older
ages the relation is U shaped. The level at which the
risk is lowest increases with age, reaching 3 units a

week in women aged over 65 and 8 units a week in
men aged over 65. The level at which the risk is
increased by 5% above this minimum is 8 units a week
in women aged 16-24 and 5 units a week in men aged
16-24, increasing to 20 and 34 units a week in women
and men aged over 65, respectively.
Conclusions Substantially increased risks of all cause
mortality can occur even in people drinking lower
than recommended limits, and especially among
younger people.

Introduction
Alcohol consumption increases the risk of various can-
cers, hypertension, liver disease, unintentional injuries,
and violence.1 2 Definitions of light and moderate alco-
hol consumption vary, but these levels of consumption
are generally found to decrease the risk of ischaemic
heart disease.2–6 For all cause mortality the relation is
typically U shaped, with non-drinkers and heavier
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drinkers having higher risks than light and moderate
drinkers.2 7–9 The royal colleges of physicians, psychia-
trists, and general practitioners have therefore advised
men and women to drink less than 21 and 14 units a
week, respectively, whereas the UK government has
recommended no more than 4 and 3 units a day,
respectively; 1 unit is 8-10 g of alcohol.10 11 However,
the levels giving the lowest or a low risk are likely to
vary with age as well as sex and have not been system-
atically quantified.12 We used statistical models relating
alcohol consumption to the risk of death from single
causes to estimate the all cause risk for men and
women of different ages in England and Wales.

Methods
Relative risks
Three reviews have quantitatively related alcohol
consumption to comprehensive lists of causes of
death.1 13 14 The most appropriate review for our study
was by Corrao and others because it included more
recent studies, assessed study quality, and estimated
risk as a function of alcohol consumption.14 15

Corrao and others described each cause specific
risk by way of a linear, quadratic, or cubic function of
alcohol consumption, or, for ischaemic heart disease, a
model involving linear and square root terms. Where
appropriate they excluded studies of lower quality.
They reported results separately when significant
differences were found between Mediterranean and
non-Mediterranean countries, case-control and cohort
studies, incident disease and death, or men and
women: we used the results for non-Mediterranean
countries, cohort studies, and deaths. Otherwise we
used the pooled results. We expressed alcohol
consumption in units a week, taking 1 unit as 9 g of
alcohol.16 The risk functions for each cause of death by
alcohol consumption are given on bmj.com.

Alcohol consumption
Alcohol consumption was reported by respondents
aged 16 and over in the 1996-7 general household sur-
vey.17 We computed the proportions of men and
women in England and Wales drinking 0 units of alco-
hol a week, drinking occasionally (taken as 0.25 units a
week), drinking from 1 up to 100 in increments of 1
unit a week, and drinking more than 100 units a week,
for age bands 16-24, 25-34, 35-44, and so on up to over
85.

Mortality
We obtained data on mortality for England and Wales
in 1997 from the Office for National Statistics.18

Pooling causes
We estimated absolute risk functions from the relative
risk functions for each sex, age band, and cause by
using the observed number of deaths and the distribu-
tion of alcohol consumption (see bmj.com). We
summed the absolute cause specific risks to get all
cause mortality for each sex and age band. The nadir is
the level of alcohol consumption at which all cause risk
is lowest.16

Results
Alcohol risk relations
Figure 1 shows the relation between all cause mortality
and alcohol consumption, by age and sex. The absolute
risks vary widely (table), so we show all risks relative to
non-drinkers. For women there is a positive relation up

Nadirs and 5% bounds (units a week) with 95% confidence intervals showing uncertainty owing to relative risk functions and percentage annual risk

Age (years)

16-24 25-34* 35-44 45-54 55-64 65-74 75-84 >85

Women

Nadir 0 0 0.2 (0.1 to 0.3) 0.5 (0.4 to 0.6) 1.6 (1.3 to 1.9) 2.7 (2.3 to 3.1) 3.2 (2.7 to 3.7) 3.1 (2.4 to 3.8)

5% upper bound 7.9 (7.2 to 8.6) 8.7 (7.8 to 9.6) 9.3 (8.0 to 10.6) 11.5 (9.8 to 13.2) 14.5 (12.7 to 16.3) 17 (14.8 to 19.2) 18 (15.4 to 20.6) 20

Annual risk (%):

Non-drinkers 0.03 0.04 0.10 0.25 0.69 2.03 5.48 15.3

Nadir 0.03 0.04 0.10 0.25 0.68 1.98 5.35 15.0

Men

Nadir 0 0.1 (0.1 to 0.1) 1.8 (1.5 to 2.1) 5.1 (4.5 to 5.7) 7.2 (6.4 to 8.0) 8.4 (7.4 to 9.4) 8.0 (6.7 to 9.3) 7.7 (6.0 to 9.4)

5% upper bound 5.3 (4.8 to 5.8) 6.9 (6.3 to 7.5) 13.3 (11.9 to 14.7) 21 (18.6 to 23.4) 26 (23.3 to 28.7) 30 (26.4 to 33.6) 31 (26.5 to 35.5) 34 (27.5 to 40.5)

Annual risk (%):

Non-drinkers 0.06 0.08 0.14 0.39 1.17 3.39 8.47 19.4

Nadir 0.06 0.08 0.14 0.37 1.10 3.21 8.05 18.6

*0.025 rounded to 0.
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Fig 1 Risk of all cause mortality (relative to non-drinkers) by level of
alcohol consumption in women and men
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to age 35-44, but the U shape appears from age 45-54.
For men aged below 35 the curve is steeper than it is
for women, but the U shape appears at age 35-44, and
the reduction in mortality in the lightest drinkers is
larger and is sustained up to higher levels of consump-
tion than for women. Drinking at the royal colleges’
recommended limit increases risk by 9% in women
aged 16-24 and by 23% in men aged 16-24. For
government limits these figures are 15% and 32%,
respectively.

Estimated nadirs
Figure 2 and the table show the estimated nadirs. The
nadir increases from 0 at ages 16-34 to around 3 units
a week in women and around 8 units a week in men
aged over 65. The 95% confidence intervals around the
estimated nadirs are narrow, but they account only for
uncertainty in the relative risks.19

The 5% bounds are the levels of alcohol consump-
tion at which risk is no more than 5% greater than the
risk at the nadir. For women the 5% bound increases
from 8 units a week at ages 16-24 to around 20 units a
week over age 85. For men it increases from only 5
units a week at ages 16-24 (reflecting the steeper slope
of the risk curve in young men compared with young
women) to 30-35 units a week over age 65.

Sensitivity analyses
An alternative risk function for ischaemic heart disease
lowers the nadirs, for example from 8 to 5 units a week
in men aged over 65. An alternative way of splitting
deaths from stroke lowers the nadir for men aged over
75. Assuming ischaemic stroke to be unrelated to alco-
hol consumption slightly increases the nadirs, whereas
assuming breast cancer to be unrelated to alcohol con-
sumption has no appreciable effect.

Discussion
If our results are not subject to bias or confounding
(see bmj.com) and if the effects of alcohol consumption
act over no more than 5-10 years, then the average
person can decrease his or her risk of mortality by
drinking at a level nearer the nadir.

Possible evidence based guidelines for sensible
drinking can be derived from figure 2 and the table if
no more than a 5% increase in risk of mortality is con-
sidered acceptable. Women would be advised to limit
their drinking to 1 unit a day up to age 44, 2 units a day
up to age 74, and 3 units a day over age 75.
Non-drinking men aged 55-84 have a risk slightly
more than 5% above the minimum risk, but we would
not encourage these men to drink, because this might
increase the overall public health burden of heavier
drinking. Men would be advised to limit their drinking
to 1 unit a day up to age 34, 2 units a day up to age 44,
3 units a day up to age 54, 4 units a day up to age 84,
and 5 units a day over age 85. These levels are similar
to current limits at older ages but considerably lower at
younger ages.

Alternatively, the 9-32% increase in risk for
younger people at the current limits of sensible drink-
ing might be considered acceptable because it implies
a smaller absolute increase than the same percentage
at older ages, even allowing for additional years of life
lost through deaths at a younger age. Public health
must also take account of morbidity and social harm,
which are harder to measure than mortality but much
more adversely affected by alcohol consumption.20

Finally, as most deaths attributable to alcohol at
younger ages are due to injuries, a greater focus could
be placed on avoiding risky patterns of drinking rather
than on reducing average alcohol consumption.21 22

We thank Gianni Corrao and Vincenzo Bagnardi for helpful
discussions and for analysing their data further for us and Annie
Britton for helpful discussions.
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What is already known on this topic

Non-drinkers and heavy drinkers have higher all
cause mortality rates than light drinkers—the U
shaped curve

The precise shape and location of the U are likely
to depend on age and sex, but this has not been
quantified

What this study adds

The level of alcohol consumption that carries the
lowest mortality ranges from 0 in men and women
aged under 35 to 3 units a week in women aged
over 65 and 8 units a week in men aged over 65

The level of alcohol consumption that carries a
5% increase in mortality increases with age from 8
to 20 units a week in women and from 5 to 34
units a week in men

Our calculations were for England and Wales in
1997: nadirs are likely to be lower in the future
and in countries with less ischaemic heart disease
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Analysis of predicted coronary heart disease risk in
England based on Framingham study risk appraisal
models published in 1991 and 2000
Kiran Nanchahal, John R Duncan, Paul N Durrington, Rodney T Jackson

In 2000 the UK government launched the national
service framework for coronary heart disease, setting
national standards for improving prevention, diagno-
sis, and treatment. In agreement with recent recom-
mendations on preventing coronary heart disease1 and
managing hypertension,2 this programme includes use
of coronary risk appraisal models from the Framing-
ham study published in 19913 to help identify patients
eligible for drug treatment. These models were
updated in 2000,4 incorporating further follow up and
additional risk factors. We compare the predicted risks
calculated using the two models and assess the
implications for preventing heart disease.

Methods and results
The health survey for England is an annual,
nationwide, household based, cross sectional survey of
a representative sample of the population. We used the
1998 survey data for 5518 (62.3% of 8852) participants
aged 35-74 with complete information on factors
needed for assessment of coronary disease risk, after
exclusion of 738 (7.7% of 9590) participants reporting
angina, heart attack, or stroke diagnosed by a doctor.5

The 2000 models allow calculation of risk over a
period of four years,4 whereas the 1991 models permit
estimation of risk over 4-12 years.3 We estimated the 10
year and four year probabilities of developing heart

disease predicted using the 1991 equations and the
four year risk predicted using the 2000 equations.

Summary statistics for four year coronary disease
risk per 100 population based on the 1991 and 2000
models within a range of risk categories show that both
models generally produce similar distributions (table).
Although substantial statistical agreement exists
between classification of participants into risk catego-
ries based on the two models, participants within each
category based on the 1991 models were distributed
across a wide range of risk categories based on the
2000 models.

Comment
Although population distributions of coronary risk
calculated with the two models are generally similar, a
significant number of people meeting criteria for drug
treatment on the basis of the 1991 models would not
meet the equivalent criteria on the basis of the 2000
models. Current UK guidelines generally recommend
offering drug treatment for hypertension or hypercho-
lesterolaemia to patients with a 10 year risk >15%.1 2

We used a 5% risk of a coronary event in four years as
being equivalent to a 10 year risk of 15%, rather than
6% over four years, because risk increases exponen-
tially rather than linearly with age. Had we used 6%, the
discrepancy between the 1991 and 2000 models would
have been even greater.
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