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Abstract

 

Background.

 

Studies in men suggest that
light-to-moderate alcohol intake is associated with a re-
duction in overall mortality, due primarily to a reduced risk
of coronary heart disease. Among women with similar lev-
els of alcohol consumption, an increased risk of breast
cancer has been noted that complicates the balance of
risks and benefits.

 

Methods.

 

We conducted a prospective study among
85,709 women, 34 to 59 years of age and without a his-
tory of myocardial infarction, angina, stroke, or cancer,
who completed a dietary questionnaire in 1980. During
the 12-year follow-up period, 2658 deaths were docu-
mented.

 

Results.

 

The relative risks of death in drinkers as com-
pared with nondrinkers were 0.83 (95 percent confidence
interval, 0.74 to 0.93) for women who consumed 1.5 to
4.9 g of alcohol per day (one to three drinks per week),

0.88 (95 percent confidence interval, 0.80 to 0.98) for
those who consumed 5.0 to 29.9 g per day, and 1.19 (95
percent confidence interval, 1.02 to 1.38) for those who
consumed 30 g or more per day, after adjustment for other
predictors of mortality. Light-to-moderate drinking (1.5 to
29.9 g per day) was associated with a decreased risk of
death from cardiovascular disease; heavier drinking was
associated with an increased risk of death from other
causes, particularly breast cancer and cirrhosis. The ben-
efit associated with light-to-moderate drinking was most
apparent among women with risk factors for coronary
heart disease and those 50 years of age or older.

 

Conclusions.

 

Among women, light-to-moderate alco-
hol consumption is associated with a reduced mortality
rate, but this apparent survival benefit appears largely
confined to women at greater risk for coronary heart dis-
ease. (N Engl J Med 1995;332:1245-50.)
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I

 

N prospective cohort studies, conducted predomi-
nantly among men, light-to-moderate drinkers of

alcoholic beverages have been found to have lower total
mortality rates than either nondrinkers or heavier
drinkers.

 

1-14

 

 This reduced mortality is due largely to a
reduced risk of fatal coronary heart disease. Studies
among women have been fewer, and the results have
been conflicting.

 

3,8,9,11,15,16

 

 
Whether the apparent overall benefit of light-to-

moderate alcohol intake among men can be extrapolat-
ed to women is unclear. As compared with men, women
have a lower risk of coronary heart disease,

 

17

 

 attain
higher blood alcohol concentrations for a given amount
of alcohol consumed,

 

18

 

 and are more susceptible to al-

coholic liver disease.

 

19,20

 

 Moreover, women who con-
sume moderate quantities of alcohol have an increased
risk of breast cancer.

 

21-23

 

 
We therefore examined prospectively the relation be-

tween alcohol intake and mortality in a large cohort of
women. Furthermore, we specifically examined this re-
lation among women at low risk for coronary heart dis-
ease, for whom increased rates of breast cancer and
other adverse events may outweigh the reduction in
coronary heart disease.

 

M

 

ETHODS

 

Study Cohort

 

The Nurses’ Health Study was established in 1976 when 121,700
female registered nurses 30 to 55 years of age, residing in the United
States, completed a mailed questionnaire on known or suspected
risk factors for cancer

 

22

 

 and coronary heart disease.

 

24

 

 Every two
years since then, the participants have been sent follow-up question-
naires to update information on potential risk factors and to identify
newly diagnosed cases of cancer, coronary heart disease, and other
diseases.

 

Semiquantitative Food-Frequency Questionnaire

 

In 1980, 1984, and 1986, the participants were asked to report
their average frequency of consumption of specified foods and bever-
ages during the previous 12 months. In 1980, we also asked whether
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consumption of each item had greatly increased or greatly decreased
during the previous 10 years. The reproducibility and validity of
these questionnaires have been documented previously.

 

25-29

 

 
Questions about the consumption of beer, wine, and spirits were

included as separate items. Total alcohol intake was the sum of the
values for all three beverages; a 12-oz (360-ml) can or bottle of beer
was assumed to contain 13.2 g of alcohol, a 4-oz (120-ml) glass of
wine 10.8 g, and a standard drink of spirits 15.1 g.

 

30

 

 The Spearman
rank-correlation coefficient for alcohol intake as measured by the
questionnaire and as calculated from the dietary records of partici-
pants was 0.90.

 

22

 

 Similarly, the correlation between the alcohol con-
sumption reported in response to the 1984 questionnaire and that
found in the 1980 diet records was 0.84.

 

29

 

 In addition, alcohol intake
as measured by each of the methods was correlated with plasma con-
centrations of high-density lipoprotein (r

 

�

 

0.40, P

 

�

 

0.001).

 

22-29

 

 

 

Population for Analysis

 

The dietary questionnaire was returned by 98,462 nurses in 1980.
We excluded from our study women with 10 or more food items left
blank (4 percent) or with implausibly high or low scores for total food
intake (2.7 percent). We also excluded women with a history of can-
cer (except nonmelanoma skin cancer), angina, myocardial infarc-
tion, or stroke. Because the group of women who now abstain from
alcohol may include former heavy drinkers and women who stopped
drinking because of illness, we excluded from our primary analysis
2957 women who reported no alcohol intake in 1980 but had greatly
decreased their alcohol intake in the previous 10 years. This left
85,709 women in the analysis.

 

Identification of Deaths

 

Our primary end point was death from any cause. We made sys-
tematic searches of the vital records of the states and the National
Death Index to discover deaths among women who did not respond
during each questionnaire cycle. This search was supplemented by
reports from family members or from postal authorities. We estimate
that we were able to ascertain more than 98 percent of the deaths in
the cohort by these methods.

 

31

 

 
A physician, blinded to data on alcohol consumption and other risk

factors, reviewed death certificates and medical records to classify
the cause of death according to the 

 

International Classification of Dis-
eases, Eighth Revision 

 

(ICD-8).

 

32

 

 The following subgroups were ana-
lyzed: participants whose deaths were due to any cardiovascular dis-
ease (ICD-8 codes 390 to 459 and 795); coronary heart disease
(codes 410 to 414); stroke (codes 430 to 437); any noncardiovascular
cause (all codes except 390 to 459 and 795); any cancer (codes 140
to 207); breast cancer (code 174); cirrhosis of the liver (code 571);
and any injury with an external cause (codes 800 to 999 and all
“E” codes), which included accidents and suicides.

 

Statistical Analysis

 

In our primary analysis, we used incidence rates with person-
years of follow-up as the denominators. For each woman, person-
years of follow-up were counted from the date of return of the 1980
questionnaire to May 31, 1992 or, for those who died, until the date
of death. Because our focus was on mortality, and because people
tend to reduce alcohol consumption markedly or to discontinue con-
sumption after a major illness is diagnosed, levels of alcohol intake
reported after 1980 were not taken into consideration in the primary
analysis. For all other covariates, person-years of follow-up were as-
signed according to the risk-factor status reported on the most re-
cently completed questionnaire. Follow-up terminated at the date of
death. If no questionnaire was returned for a follow-up cycle, the
most recently recorded data were used for the subsequent follow-up
period.

We calculated relative risk as the incidence of death among women
with a given alcohol intake divided by the corresponding rate among
women who did not consume alcohol. Relative risks were adjusted for
age, in five-year categories, and for the history and amount of ciga-
rette smoking (participants were grouped into those who never
smoked, those who had formerly smoked, and those who smoked less
than 15, 15 to 24, and more than 24 cigarettes per day)

 

33

 

; 95 percent
confidence intervals were calculated.

 

34

 

 We used a proportional-haz-
ards model to adjust for multiple risk factors simultaneously.

 

35

 

 Any

curvilinear association between alcohol intake and mortality was as-
sessed by including both linear and quadratic terms (average alcohol
intake and that value squared) in our model.

 

36

 

 Stratified analyses
were conducted to determine whether the effect of alcohol consump-
tion was modified by age or coronary-risk-factor status. In both these
analyses, the value for the relevant variable, age or coronary-risk-fac-
tor status, was updated biennially. Tests for interaction were per-
formed by entering into the proportional-hazards model cross-prod-
uct terms for alcohol consumption (as indicator variables for each
level of intake) and either age or coronary-risk-factor status.

 

36

 

 
To address the potential misclassification of alcohol intake due to

the passage of time, secondary analyses were performed on the basis
of updated measurements of alcohol consumption, although these
data were not used in the primary analysis.

Employing a model with separate continuous variables for alcohol
intake according to type of beverage — beer, wine, or spirits — we
used the Wald test to examine differences between logistic-regression
coefficients.

 

36

 

 

 

R

 

ESULTS

 

Among the 85,709 women eligible for analysis, 29.8
percent reported no alcohol consumption in 1980, and
the majority reported consuming only low-to-moderate
amounts (Table 1). Approximately 1 percent of the co-
hort drank more than 50 g per day. Most base-line
characteristics were distributed similarly among drink-
ers and nondrinkers, although diabetes mellitus and
obesity were more common among nondrinkers and
regular aspirin use, oral-contraceptive use, and smok-
ing were more common among drinkers.

During the 12 years of follow-up (1,010,209 person-
years), 2658 of the women died. A total of 503 women
died of cardiovascular disorders; 1495 of any cancer, in-
cluding 350 of breast cancer; 203 of injury from exter-
nal causes, including accidents and suicides; 52 of cir-
rhosis of the liver; and 405 from other causes.

As compared with nondrinkers and heavy drinkers,
light-to-moderate drinkers (1.5 to 29.9 g of alcohol per
day) had a significantly lower overall risk of death (Ta-
ble 2). Even after we controlled for several known or
suspected predictors of mortality, the data for mortality
according to alcohol consumption fitted a 

 

U

 

-shaped
curve with a nadir at approximately 1.5 to 4.9 g per day
(one to three drinks per week). The lower risk associ-
ated with light drinking was principally due to a lower
risk of fatal cardiovascular disease. The higher death
rate among women who consumed 30 g or more per day
was largely due to a higher number of deaths from non-
cardiovascular diseases, including breast cancer and
cirrhosis. Furthermore, controlling for risk factors for
breast cancer (age at menarche less than 13 years, one
or more pregnancies, age at first pregnancy less than
22 years, history of benign breast disease, or family his-
tory of breast cancer) did not materially affect the as-
sociation of alcohol consumption with mortality from
all causes.

To assess the nonlinear relation between alcohol
intake and mortality from all causes, we performed
analyses in which alcohol consumption, measured con-
tinuously, was entered into the multivariate model as
both linear and quadratic terms (average alcohol in-
take and that value squared). A negative regression co-
efficient for the linear term (

 

b

 

��

 

1.3

 

�

 

10

 

�

 

2

 

, P

 

�

 

0.02)
and a positive coefficient for the quadratic term
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(

 

b

 

�

 

4.9

 

�

 

10

 

�

 

4

 

, P

 

�

 

0.001) were derived, results consis-
tent with the observed 

 

U

 

-shaped relation. 
We excluded from our primary analysis former

heavy drinkers who reported current abstinence, but we
examined the data on these women separately. As com-
pared with long-term nondrinkers, these former drink-
ers had a relative risk of death, after adjustment for age
and smoking status, of 1.49 (95 percent confidence in-
terval, 1.27 to 1.74) as well as a significantly higher risk
of death from any cardiovascular cause (relative risk,
2.48; 95 percent confidence interval, 1.88 to 3.25) and
from any noncardiovascular cause (relative risk, 1.24;
95 percent confidence interval, 1.02 to 1.50).

Age strongly affected the relation between alcohol in-
take and mortality from all causes. For women 34 to 39
years of age, the relative risk of death in all categories
of drinkers was slightly but not significantly increased
(Table 3). Among women in this age group who con-
sumed 5.0 g or more of alcohol per day, external causes
of injury accounted for 50 percent of the deaths. In con-
trast, among women 50 or older, light-to-moderate
drinkers (1.5 to 29.9 g per day) had a significant reduc-
tion in mortality from all causes, which appeared to be
the result of a substantially lower risk of fatal cardio-
vascular disease. Among light-to-moderate drinkers,
the relative risk of death from a cardiovascular cause
was 0.59 (95 percent confidence interval, 0.47 to 0.73)
for women 50 years of age or older. To test whether age

significantly affected the association
between alcohol intake and total
mortality, we added to the multivari-
ate model the cross-product interac-
tion terms of age (measured contin-
uously) and each of the levels of
alcohol consumption specified in Ta-
ble 3. For light-to-moderate drink-
ers, the decrease in the relative risk
of death with increasing age was at
the margin of statistical significance
(P for trend

 

�

 

0.05).
The apparent benefit associated

with light-to-moderate alcohol con-
sumption was greatest among women
with one or more risk factors for cor-
onary heart disease (Table 4). Among
women reporting at least one coro-
nary risk factor (73.2 percent of the
study population in 1980), light-to-
moderate drinkers had a significantly
lower total mortality (P

 

�

 

0.001). In
contrast, among women with no coro-
nary risk factors (26.8 percent of the
population in 1980), light-to-moder-
ate drinking was not associated with
any appreciable reduction in total
mortality (P

 

�

 

0.70); consumption of
30 g or more of alcohol per day by
these women markedly increased
mortality. This higher total mortality
among heavier drinkers without cor-
onary risk factors was largely due to

a higher risk of death from noncardiovascular disease
(relative risk, 2.22; 95 percent confidence interval, 1.31
to 3.72), most notably breast cancer (relative risk, 3.43;
95 percent confidence interval, 1.36 to 8.66). The result
of a test for interaction between the consumption of 1.5
to 29.9 g of alcohol per day and the presence or absence
of cardiac risk factors was not significant in a multivari-
ate model (P

 

�

 

0.09), although the relative risks associ-
ated with the consumption of 30 g or more per day did
differ significantly among women with and without car-
diac risk factors (P

 

�

 

0.04).
To determine whether the interaction between alco-

hol consumption and coronary-risk-factor status was
independent of age, we then limited our analysis to
women 50 years of age or older. Among these older
women, the reduction in mortality associated with
light-to-moderate drinking was again confined to wom-
en with one or more coronary risk factors. As was the
case when younger women were included, the interac-
tion between the risk of death associated with the con-
sumption of 1.5 to 29.9 g of alcohol per day and coro-
nary-risk-factor status was not significant (P

 

�

 

0.08).
Although we excluded women with serious illnesses

at base line, the group of long-term nondrinkers could
include women who refrained from drinking because of
early symptoms of disease. If so, the higher mortality
among nondrinkers might be due in part to undiag-
nosed, preexisting disease. Such an effect would ac-

 

*All values are directly standardized according to the age distribution of the cohort. Nutrient values represent the mean
energy-adjusted intake for each alcohol-intake group.

†The weight in kilograms divided by the square of the height in meters.

‡Two or more days per week.

§Vigorous physical activity (long enough to work up a sweat) at least one or more days per week.

¶Self-report of physician-diagnosed hypercholesterolemia.

 

�

 

Self-report of physician-diagnosed hypertension.

 

Table 1. Base-Line Characteristics of the Cohort, According to Alcohol Intake.

 

C

 

HARACTERISTIC

 

* A

 

VERAGE

 

 A

 

LCOHOL

 

 I

 

NTAKE

 

 (g/

 

DAY

 

)

0
(

 

N

 

�

 

25,535)
0.1 – 1.4

(

 

N

 

�

 

11,304)
1.5 – 4.9

(

 

N

 

�

 

18,460)
5.0 –14.9

(

 

N

 

�

 

17,783)
15.0 –29.9
(

 

N

 

�

 

8106)

 

�

 

30.0 
(

 

N

 

�

 

4521)

 

Median age (yr) 47 46 46 46 47 49

Current smoking (%) 22 27 27 31 38 54

Body-mass index† 25 25 24 24 23 23

Regular aspirin use (%)‡ 25 26 26 28 30 31

Regular vigorous exercise (%)§ 40 44 46 50 50 44

High plasma cholesterol (%)¶ 6.0 5.3 5.3 4.9 4.8 5.2

Diabetes mellitus (%) 3.6 2.3 1.6 1.1 1.0 1.3

Myocardial infarction in parent 

 

�

 

60 yr of age (%)
14 15 15 15 15 15

Hypertension (%)

 

�

 

17 16 15 14 16 20

Breast cancer in mother or
sibling (%)

5.8 5.9 6.1 6.3 7.0 5.9

Past or present oral-contra-
ceptive use (%)

46 48 50 52 55 54

Parity 

 

�

 

1 (%) 93 93 93 92 91 89

Age at first pregnancy 

 

�

 

22 yr (%) 23 23 22 22 21 23

Menopausal status (% pre-
menopausal)

70 70 71 71 72 71

Age at menarche 

 

�

 

13 yr (%) 52 50 50 48 47 48

Postmenopausal hormone use (%) 22 22 22 22 23 23

Dietary intake
Fiber (g/day)
Saturated fat (g/day)
Cholesterol (mg/day)

17
29

339

17
29

341

17
29

340

17
28

336

16
27

333

13
24

304
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count for higher rates of death in the earlier years of
follow-up but would be expected to diminish in later
years of observation. To address this issue, we repeated
our analyses after excluding deaths in the first four
years of follow-up (Table 5). With the analysis restrict-
ed to the final eight years of follow-up, a significant

 

U

 

-shaped relation remained between the average al-
cohol intake reported in 1980 and total mortality
(P

 

�

 

0.002 for the quadratic term [average alcohol in-
take]

 

2

 

).
Because people may alter their drinking habits over

time, longitudinal studies that assess alcohol intake
only at base line may result in misclassification. There-

fore, we repeated our analyses using updated measure-
ments of alcohol consumption obtained in 1984 and
1986, and still observed a significant 

 

U

 

-shaped relation
between alcohol consumption and mortality (P

 

�

 

0.001
for the quadratic term [average alcohol intake]

 

2

 

) (Ta-
ble 5). In performing analyses in which the data on
alcohol intake were updated, we considered the possi-
bility that a disproportionate number of the women
who had recently stopped drinking did so because of ill
health, which might have resulted in a misleading ele-
vation of mortality among abstainers. Therefore, we
performed further analyses in which women were ex-
cluded from follow-up if they reported nonfatal myo-

cardial infarction, angina, stroke, or
cancer during subsequent assess-
ments of alcohol intake. With 2043
deaths left in the analysis, we contin-
ued to observe a significant 

 

U

 

-shaped
relation between alcohol intake and
total mortality (P

 

�

 

0.001 for the
quadratic term [average alcohol in-
take]

 

2

 

).
We examined separately the asso-

ciation between mortality and alco-
hol intake according to type of bev-
erage — beer, wine, or spirits. In a
regression model controlled for oth-
er predictors of mortality, the as-
sociations between alcohol intake
(measured as a continuous variable)
from beer, wine, or spirits and the
risk of death did not differ signifi-
cantly, although there was a nonsig-

 

*RR denotes relative risk, and CI confidence interval. Relative risks are expressed for each alcohol-intake group as compared with the group of women who drank no alcohol. Adjusted RR has
been adjusted for age (in five-year categories) and smoking status. Multivariate RRs have been adjusted for age (in five-year categories), smoking status, body-mass index (in quintiles), regular
aspirin use (

 

�

 

2 days per week), regular vigorous exercise (

 

�

 

1 day per week), high plasma cholesterol level (yes or no), diabetes (yes or no), hypertension (yes or no), myocardial infarction in a
parent at 

 

�

 

60 years of age (yes or no), past or present oral-contraceptive use (yes or no), menopausal status, past or present postmenopausal hormone use (yes or no), and energy-adjusted intake
of dietary fiber and saturated fat (in quintiles).

†Multivariate test for trend: linear term, chi

 

��

 

2.23, P

 

�

 

0.02; quadratic term, chi

 

�

 

3.22, P

 

�

 

0.001.

 

Table 2. Number of Deaths and Relative Risks of Death According to Cause and Alcohol Intake.

 

V

 

ARIABLE

 

* A

 

VERAGE

 

 A

 

LCOHOL

 

 I

 

NTAKE

 

 (g/

 

DAY

 

)

0 0.1–1.4 1.5–4.9 5.0–14.9 15.0–29.9 

 

�

 

30.0

 

Death from all causes
No.
Adjusted RR (95% CI)
Multivariate RR (95% CI)†

837
1.0
1.0

321
0.86 (0.75–0.98)
0.91 (0.80–1.03)

460
0.76 (0.68–0.86)
0.83 (0.74–0.93)

509
0.80 (0.71–0.89)
0.88 (0.79–0.99)

272
0.81 (0.71–0.93)
0.89 (0.77–1.02)

259
1.19 (1.03–1.38)
1.19 (1.02–1.38)

Death from cardiovascular disease
No.
Multivariate RR (95% CI)

202
1.0

64
0.79 (0.59–1.05)

67
0.57 (0.43–0.76)

87
0.73 (0.56–0.95)

44
0.66 (0.47–0.93)

39
0.74 (0.51–1.08)

Death from noncardiovascular causes
No.
Multivariate RR (95% CI)

635
1.0

257
0.94 (0.81–1.09)

393
0.91 (0.80–1.03)

422
0.93 (0.83–1.05)

228
0.95 (0.81–1.11)

220
1.33 (1.12–1.57)

Death from coronary heart disease
No.
Multivariate RR (95% CI)

145
1.0

47
0.82 (0.59–1.15)

41
0.51 (0.36–0.73)

50
0.64 (0.46–0.89)

28
0.65 (0.43–0.99)

9
0.59 (0.35–0.99)

Death from cancer
No.
Multivariate RR (95% CI)

429
1.0

182
0.98 (0.82–1.16)

290
0.97 (0.83–1.13)

293
0.93 (0.80–1.09)

162
0.99 (0.82–1.20)

139
1.28 (1.04–1.58)

Death from breast cancer
No.
Multivariate RR (95% CI)

107
1.0

30
0.67 (0.45–1.01)

61
0.85 (0.61–1.16)

69
0.96 (0.71–1.32)

48
1.37 (0.96–1.96)

35
1.67 (1.10–2.53)

Death from injury with an external cause
No.
Multivariate RR (95% CI)

62
1.0

20
0.75 (0.45–1.24)

30
0.70 (0.45–1.09)

50
1.15 (0.78–1.69)

24
1.17 (0.66–1.75)

17
1.08 (1.61–1.94)

Death from hepatic cirrhosis
No.
Multivariate RR (95% CI)

12
1.0

1
0.21 (0.27–1.59)

5
0.69 (0.24–1.98)

10
1.27 (0.54–3.01)

9
1.86 (0.76–4.59)

15
2.55 (1.06–6.11)

 

*RR denotes relative risk, and CI confidence interval. Relative risks are expressed for each alcohol-intake group as com-
pared with the group of women who drank no alcohol. Multivariate RRs have been adjusted for age (in five-year categories),
smoking status, body-mass index (in quintiles), regular aspirin use (

 

�

 

2 days per week), regular vigorous exercise (

 

�

 

1 day
per week), high plasma cholesterol level (yes or no), diabetes (yes or no), hypertension (yes or no), myocardial infarction in
a parent at 

 

�

 

60 years of age (yes or no), past or present oral-contraceptive use (yes or no), menopausal status, past or present
postmenopausal hormone use (yes or no), and energy-adjusted intake of dietary fiber and saturated fat (in quintiles).

†P

 

�

 

0.05 for the interaction between age and the consumption of 1.5 to 29.9 g of alcohol per day.

 

Table 3. Number of Deaths and Relative Risk of Death According to Age and Alcohol
Intake.

 

A

 

GE

 

 

 

AND

 

 V

 

ARIABLE

 

* A

 

VERAGE

 

 A

 

LCOHOL

 

 I

 

NTAKE

 

 (g/

 

DAY

 

)

0 0.1–1.4 1.5 –29.9† �30.0

34–39 yr
No. of deaths
Multivariate RR (95% CI)

8
1.0

7
1.89 (0.68–5.19)

25
2.08 (0.92–4.71)

2
2.46 (0.50–12.4)

40–49 yr
No. of deaths
Multivariate RR (95% CI)

113
1.0

53
1.02 (0.73–1.41)

183
0.95 (0.74–1.20)

29
1.47 (0.95–2.27)

50–59 yr
No. of deaths
Multivariate RR (95% CI)

364
1.0

132
0.88 (0.72–1.06)

560
0.88 (0.77–0.99)

126
1.26 (1.01–1.57)

�60 yr
No. of deaths
Multivariate RR (95% CI)

352
1.0

129
0.88 (0.72–1.08)

473
0.79 (0.68–0.91)

102
1.02 (0.80–1.30)
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nificant trend toward more protection with wine (data
not shown).

DISCUSSION

Our results, from a large prospective study of wom-
en, provide strong evidence for a U-shaped relation
between alcohol intake and mortality in women. As
compared with abstinence, light-to-moderate alcohol
consumption was associated with a significantly re-
duced risk of death due largely to a lower risk of fatal
cardiovascular disease. In contrast, heavier drinking
was associated with increased mortality, due largely to
an increased risk of death from noncardiovascular dis-
eases, including breast cancer. In a manner consistent
with these competing effects, the apparent benefit of

light-to-moderate alcohol consump-
tion was mainly confined to women
at greater risk for coronary heart dis-
ease, specifically older women and
women with one or more coronary
risk factors.

Bias is unlikely to explain the ob-
served relations. The dietary ques-
tionnaires reliably measured alcohol
intake.29 Moreover, our results re-
mained unchanged even after we
accounted for variations in alcohol
consumption over time. The pro-
spective design precluded recall
bias. Differential follow-up is unlike-
ly to have made a material contribu-
tion to these findings, since we esti-
mate that we accurately identified
more than 98 percent of the deaths
in this cohort.31 

We observed a reduction in mor-
tality for light-to-moderate drinkers
only among women 50 years of age
or older, although our cohort did not
include women over 70. For women

34 to 39 years of age, we observed elevated risks of
death for all levels of alcohol consumption, but the
number of deaths in this subgroup was small. Two pre-
vious studies have reported an increased mortality
among younger drinkers, largely as a result of alcohol-
related accidents.11,37 Although a recent analysis of
British physicians reported lower mortality for moder-
ate drinkers at all ages, the study population consisted
of men over the age of 50 who were predominantly
former or current smokers.5 

The women in the Nurses’ Health Study have pat-
terns of alcohol consumption that are quite similar to
those found in a general survey of U.S. women.38 Thus,
our results may be applicable to the wider population
of women. Since only a small percentage of our cohort

*RR denotes relative risk, and CI confidence interval. Relative risks are expressed for each alcohol-intake group as com-
pared with the group of women who drank no alcohol. Multivariate RRs have been adjusted for age (in five-year categories),
smoking status, body-mass index (in quintiles), regular aspirin use (�2 days per week), regular vigorous exercise (�1 day
per week), high plasma cholesterol level (yes or no), diabetes (yes or no), hypertension (yes or no), myocardial infarction in
a parent at �60 years of age (yes or no), past or present oral-contraceptive use (yes or no), menopausal status, past or present
postmenopausal hormone use (yes or no), and energy-adjusted intake of dietary fiber and saturated fat (in quintiles). Cardiac
risk factors are defined as a history of hypertension or diabetes, smoking, a high cholesterol level, a myocardial infarction
in a parent at �60 years of age, and a body-mass index �29.0.

†P�0.09 for the interaction between cardiac-risk-factor status and the consumption of 1.5 to 29.9 g of alcohol per day,
in all women. For women 50 or older, P�0.08.

‡P�0.04 for the interaction between cardiac-risk-factor status and the consumption of 30 g or more of alcohol per day,
in all women.

Table 4. Number of Deaths from All Causes and Relative Risk of Death According to
Cardiac Risk Status and Alcohol Intake.

POPULATION AND VARIABLE* AVERAGE ALCOHOL INTAKE (g/DAY)

0 0.1–1.4 1.5 –29.9† �30.0‡

All women
No cardiac risk factor

No. of deaths
Multivariate RR (95% CI)

144
1.0

38
0.75 (0.52–1.06)

153
0.95 (0.75–1.19)

17
2.22 (1.31–3.72)

�1 cardiac risk factor
No. of deaths
Multivariate RR (95% CI)

693
1.0

283
0.93 (0.81–1.07)

1088
0.84 (0.76–0.93)

242
1.12 (0.95–1.31)

Women 50 or older
No cardiac risk factors

No. of deaths
Multivariate RR (95% CI)

107
1.0

31
0.84 (0.56–1.25)

115
0.96 (0.74–1.25)

11
1.89 (1.00–3.58)

�1 cardiac risk factor
No. of deaths
Multivariate RR (95% CI)

609
1.0

230
0.88 (0.75–1.02)

918
0.81 (0.74–0.91)

217
1.08 (0.91–1.28)

*RR denotes relative risk, and CI confidence interval. Relative risks are expressed for each alcohol-intake group as compared with the group of women who drank no alcohol. Multivariate RRs
have been adjusted for age (in five-year categories), smoking status, body-mass index (in quintiles), regular aspirin use (�2 days per week), regular vigorous exercise (�1 day per week), high
plasma cholesterol level (yes or no), diabetes (yes or no), hypertension (yes or no), myocardial infarction in a parent at �60 years of age (yes or no), past or present oral-contraceptive use (yes or
no), menopausal status, postmenopausal hormone use (yes or no), and energy-adjusted intake of dietary fiber and saturated fat (in quintiles).

†Based on 1980 reports of alcohol intake but excluding deaths from 1980 through 1984.

‡Multivariate test for trend: linear term, chi��2.22, P�0.02; quadratic term, chi�3.04, P�0.002.

§Based on reports of alcohol intake from 1980, 1984, and 1986, and including deaths from 1980 through 1992.

¶Multivariate test for trend: linear term, chi��4.25, P�0.001; quadratic term, chi�4.16, P�0.001.

�Based on reports of alcohol intake from 1980, 1984, and 1986, including deaths from 1980 through 1992, but excluding women who reported nonfatal disease in 1984 or 1986 (see the text for
details).

**Multivariate test for trend: linear term, chi��2.46, P�0.01; quadratic term, chi�3.22, P�0.001.

Table 5. Results of Secondary Analyses.

ANALYSIS AND VARIABLE* AVERAGE ALCOHOL INTAKE (g/DAY)

0 0.1–1.4 1.5 –4.9 5.0 –14.9 15.0 –29.9 �30.0

Excluding first 4 yr of follow-up†
No. of deaths
Multivariate RR (95% CI)‡

667
1.0

263
0.93 (0.81–1.08)

382
0.86 (0.76–0.98)

405
0.88 (0.77–1.00)

218
0.89 (0.76–1.04)

207
1.19 (1.01–1.42)

Using updated alcohol-intake reports§
No. of deaths 
Multivariate RR (95% CI)¶

1055
1.0

306
0.83 (0.73–0.94)

488
0.73 (0.65–0.82)

424
0.75 (0.67–0.85)

152
0.78 (0.66–0.93)

233
1.02 (0.87–1.19)

Using updated alcohol-intake reports and ex-
cluding new cases of nonfatal disease�

No. of deaths 
Multivariate RR (95% CI)**

767
1.0

242
0.87 (0.75–1.01)

370
0.74 (0.66–0.85)

339
0.81 (0.71–0.92)

130
0.89 (0.73–1.07)

195
1.12 (0.94–1.33)
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consumed more than 50 g of alcohol per day, our ability
to examine the health consequences of excessive drink-
ing is limited.

The relations between alcohol consumption and the
risk of death from breast cancer or cardiovascular dis-
ease reflect the previously described association of al-
cohol with the incidence of these illnesses.21-23,39-42 In
addition, several other diseases have been positively
linked to alcohol consumption, including colorectal can-
cer, cancers of the upper aerodigestive tract (the oral
cavity and esophagus), hemorrhagic stroke, cirrhosis of
the liver, accidents, and suicide.2,11,43,44 Our mortality
analysis does not address nonfatal disease and may
therefore be less useful in addressing causal relations.
However, data on mortality provide one measure of the
overall balance of risks and benefits of alcohol con-
sumption.

In conclusion, these findings indicate that for women
as a group light-to-moderate alcohol consumption con-
fers a significant overall survival advantage. Among
younger women and those without risk factors for cor-
onary heart disease, however, light-to-moderate alco-
hol consumption is not associated with a reduction in
total mortality and heavier drinking is associated with
a substantial increase in mortality. For older women
and women with coronary risk factors, light-to-moder-
ate alcohol consumption is associated with a reduction
in total mortality, although with heavier intake mortal-
ity is increased.
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CORRECTION

Alcohol Consumption and Mortality among Women

Alcohol Consumption and Mortality among Women . On page 1248,

in Table 2, the 95 percent confidence interval for death from injury

with an external cause at an average alcohol intake of >30.0 g per

day should have read, `̀ 0.61–1.94,´́ not `̀ 1.61–1.94,´́ as printed. We

regret the error.

N Engl J Med 1997;336:523
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