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Earlier age at menopause is associated with increased long-term health risks. Moderate alcohol intake has
been suggested to delay menopause onset, but it is unknown whether alcohol subtypes are associated with early
menopause onset at age 45 years. Therefore, we aimed to evaluate risk of early natural menopause among
107,817 members of the Nurses’ Health Study II who were followed from 1989 to 2011. Alcohol consumption
overall and by subtypes, including beer, red wine, white wine, and liquor, was assessed throughout follow-up. We
estimated hazard ratios in multivariable models that were adjusted for age, body mass index, parity, smoking,
and other potential confounders. Women who reported moderate current alcohol consumption had lower risks
of early menopause than did nondrinkers. Those who reported consuming 10.0–14.9 g/day had a lower risk of
early menopause than did nondrinkers (hazard ratio = 0.81, 95% confidence interval: 0.68, 0.97). Among specific
beverages, evidence of lower early menopause risk was confined to consumption of white wine and potentially red
wine and liquor, but not to beer. Data from this large prospective study suggest a weak association of moderate
alcohol intake with lower risk of early menopause, which was most pronounced for consumption of white and red
wine and liquor. High consumption was not related to lower risk of early menopause.

alcohol; early menopause; endocrine system; wine

Abbreviations: CI, confidence interval; HT, hormone therapy; NHS2, Nurses’ Health Study II.

Early natural menopause, which is cessation of ovarian
function prior to age 45 years, affects approximately 10%
of Western women (1, 2). Early menopause is associated
with adverse outcomes, including cardiovascular disease,
osteoporosis, and mortality (3–5). The etiology of early
menopause is not fully understood, but behavioral and
dietary factors are thought to be involved (2, 6, 7).
Alcohol is one such factor. Alcohol consumption may
increase circulating estrogen levels and reduce oxidative
stress in ovarian tissue, thus delaying menopause (8–12).
Research on alcohol intake to date has focused primarily
on menopausal timing (13–31). Two cross-sectional studies
did not find an association between alcohol intake and risk
of early menopause, but they were limited by retrospective
recall of alcohol intake (32, 33).

Evidence from a meta-analysis suggested that low-to-
moderate alcohol intake is associated with later menopause
onset compared with not drinking (8). Although the level
of alcohol consumption may contribute to a later age at
menopause, it remains unclear whether associations vary
by alcohol type (8, 32–34). Specifically, red wine may be
related to lower risk, as evidenced by animal studies in which
it was suggested that resveratrol in red wine confers ovarian
protective effects (11, 12).

To address these questions, we evaluated the associations
of prospectively measured total alcohol intake and alco-
holic beverage–specific consumption with incident early
menopause within the Nurses’ Health Study II (NHS2)
cohort. We hypothesized that both moderate alcohol intake
(defined as ≤1 standard drink/day for women) and moderate
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red wine consumption would be associated with a lower risk
of early menopause (35).

METHODS

The NHS2 is a prospective cohort study of 116,429 female
nurses aged 25–42 years who were recruited at baseline in
1989 via a mailed questionnaire. Return of questionnaires
was considered implied consent. Study details including
recruitment have been published previously (36, 37). Briefly,
data on participant demographic characteristics, lifestyle be-
haviors, medical history, reproductive factors, and prospec-
tive outcomes were collected via biennial questionnaires,
with a follow-up rate ≥89% per questionnaire cycle (7).
The study protocol was approved by the institutional review
boards of the Brigham and Women’s Hospital and the Har-
vard T.H. Chan School of Public Health.

Assessment of alcohol consumption

At baseline (1989), participants were queried regarding
their average overall alcohol consumption over the past
year. Intake response options ranged from “none or <1
drink/month” to “40+ drinks/week.” From 1991 onward,
alcohol intake was assessed every 4 years using semiquan-
titative food frequency questionnaires (38). The specific
beverages of which intakes were measured included regular
beer, light beer, white wine, red wine, and liquor. Response
options ranged from “never or <1/month” to “6+/day.”
Total alcohol intake (grams) was calculated by multiply-
ing the frequency of each beverage intake by its average
alcohol content (beer = 12.8 g/drink; wine = 11.0 g/drink;
liquor = 14.0 g/drink) and summing across all beverages
(38). This allowed us to account for differences in alcohol
content across beverages.

Assessment of early menopause

From baseline onward, each NHS2 questionnaire asked
women if their menstrual periods had permanently ceased
and if so, the age at cessation and whether periods ceased
due to surgery, radiation, or chemotherapy or had stopped
naturally (7). Women were also asked about their current
and past use of menopausal hormone therapy (HT). Age at
natural menopause was defined as age after 12 consecutive
months of amenorrhea not due to radiation, chemotherapy,
or surgical removal of the ovaries. Few women reported
being postmenopausal on one questionnaire and then sub-
sequently reported being premenopausal. For these women,
age at menopause was defined as age after which periods
were absent for 12 months or more and the status persisted
for at least 3 consecutive questionnaires. The present anal-
ysis was limited to women who were premenopausal at
baseline and provided information on alcohol consumption
(n = 107,817). We defined early natural menopause as
natural menopause before age 45 years (7).

Assessment of covariates

Factors self-reported at baseline included age, height,
weight, age at menarche, and race/ethnicity. Data on partici-
pant weight, number of full-term pregnancies, breastfeeding
duration, age at first birth, oral contraceptive use, HT use,
and smoking history were collected at baseline and then
biennially (7).

Statistical analyses

Continuous variables were examined for normality. We
divided women into categories of grams per day of total
alcohol intake. We compared baseline continuous and cat-
egorical characteristics of participants by baseline alcohol
intake with adjustment for age. We then used Cox propor-
tional hazards models to estimate hazard ratios and 95% con-
fidence intervals for associations of alcohol intake with early
natural menopause. For these models, women were followed
from baseline until early natural menopause, hysterectomy,
oophorectomy, cancer diagnosis (excluding nonmelanoma
skin cancer), death, loss-to-follow-up, or age 45 years.

Alcohol was modeled using 3 approaches: 1) baseline con-
sumption (1989) to examine baseline associations between
alcohol consumption and risk of early menopause; 2) current
consumption (assessed every 4 years) to address changes in
alcohol intake over time; and 3) cumulative average con-
sumption to address random error that might occur with use
of a single timepoint measure (39). We also evaluated risk
of early natural menopause using updated beer, light beer,
red wine, white wine, and liquor intakes from the 1991 food
frequency questionnaires onward. Beverage-specific models
used current consumption with adjustment for confound-
ing (model 1) and mutual adjustment of other beverages
(model 2).

In multivariable models, we adjusted for current age, age
at menarche, body mass index, parity, smoking duration
and status, duration of oral contraceptive use and status,
and breastfeeding duration as a priori potential confounders.
Additionally, we mutually adjusted for alcohol subtypes to
control for other beverages. We also performed 2 sensitivity
analyses. First, we restricted to never smokers to address
potential residual confounding due to smoking. Second, to
evaluate whether HT use influenced associations, we addi-
tionally adjusted for HT use and separately censored at first
report of HT use. Statistical analyses were conducted using
SAS, version 9.3 (SAS Institute, Inc., Cary, North Carolina).

RESULTS

Age-adjusted participant characteristics at baseline are
presented in Web Table 1 (available at https://doi.org/10.1093/
aje/kwab182). Alcohol use was positively associated with
smoking and duration of oral contraceptive use and inversely
associated with parity and breastfeeding duration. Body
mass index did not vary substantially by alcohol intake.

A total of 2,761 early natural menopause cases occurred
over approximately 1.5 million person-years of follow-up
(Table 1). Baseline alcohol consumption was not related to
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Table 1. Hazard Ratios for Early Natural Menopause by Baseline, Current, and Cumulative Average Alcohol Intakes, Nurses’ Health Study II,
1989–2011

Time Period and Alcohol
Intake, g/day

Age-Adjusted Model 1a

HR 95% CI HR 95% CI

Baseline (1989)

Nondrinker 1.00 Referent 1.00 Referent

0.1–4.9 1.02 0.94, 1.11 0.98 0.90, 1.07

5.0–9.9 0.99 0.87, 1.13 0.90 0.79, 1.03

10.0–14.9 1.17 1.00, 1.36 0.99 0.85, 1.16

15.0–29.9 1.09 0.85, 1.41 0.90 0.70, 1.17

≥30.0 1.81 1.29, 2.54 1.31 0.93, 1.84

Current (updated)

Nondrinker 1.00 Referent 1.00 Referent

0.1–4.9 1.04 0.95, 1.13 1.00 0.92, 1.09

5.0–9.9 1.02 0.89, 1.15 0.93 0.82, 1.06

10.0–14.9 0.94 0.79, 1.11 0.81 0.68, 0.97

15.0–29.9 1.22 0.99, 1.49 1.03 0.84, 1.26

≥30.0 1.20 0.87, 1.65 0.88 0.64, 1.22

Cumulative average

Nondrinker 1.00 Referent 1.00 Referent

0.1–4.9 1.04 0.96, 1.14 0.99 0.90, 1.08

5.0–9.9 1.07 0.94, 1.21 0.95 0.83, 1.08

10.0–14.9 1.01 0.84, 1.21 0.84 0.70, 1.01

15.0–29.9 1.10 0.87, 1.38 0.87 0.69, 1.10

≥30.0 1.86 1.30, 2.64 1.29 0.90, 1.85

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Model 1 was adjusted for age (months; continuous), age at menarche (years; continuous), body mass index (weight (kg)/height (m)2;

<18.5, 18.5–24.9, 25.0–29.9, or ≥ 30.0), parity (nulliparous, 1–2 children, or ≥3 children), breastfeeding duration (months; ordinal), pack-years
of smoking by status (never smoked, past smoker 1–10 years, past smoker 11–20 years, past smoker ≥20 years, current smoker 1–10 years,
current smoker 11–20 years, or current smoker ≥20 years), oral contraceptive use (never, past, or current), and duration of oral contraceptive
use (months; never, 1–23, 24–47, 48–71, 72–95, 96–119, or ≥120).

risk of early menopause. In fully adjusted models of current
alcohol intake, lower risk was observed among women
with a moderate intake than among nondrinkers; women
who consumed 10.0–14.9 g/day had a hazard ratio of 0.81
(95% confidence interval (CI): 0.68, 0.97). In fully adjusted
models of cumulative average intake, similar estimates were
observed for women with moderate intakes, though associa-
tions were not statistically significant (for women who drank
10.0–14.9 g/day vs. nondrinkers, hazard ratio = 0.84, 95%
CI: 0.70, 1.01). Restricting to nonsmokers, adjusting for HT
use, and censoring on first HT use in sensitivity analyses did
not meaningfully impact estimates (data not shown).

White wine consumption was significantly associated with
lower risk of early natural menopause in models that con-
trolled for confounding and other beverage subtypes (Table 2).
Red wine and liquor consumption were marginally associ-
ated with lower risk of early natural menopause in both
models. Beer and light beer were not associated with risk of
early natural menopause.

DISCUSSION

In this large, prospective study, moderate alcohol intake
was associated with lower risk of early menopause. Magni-
tudes of association were similar when considering recent
and long-term average consumption to account for variation
in consumption trends. Our work suggests that white wine
intake and potentially red wine and liquor intakes were
associated with small reductions in risk of early menopause
in models adjusted for confounding, as well as mutually
adjusted for other alcoholic beverages. Together with the
existing literature, our results suggest that moderate alcohol
consumption, specifically wine and liquor, is relevant for
lower early menopause risk.

To our knowledge, the present study is among the largest
prospective studies to date of alcohol intake and age at
menopause and one of the few in which risk of early natural
menopause risk was assessed rather than menopausal timing
(13–31). In a retrospective study of 2,123 postmenopausal
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Table 2. Hazard Ratios for Early Natural Menopause by Current Frequency of Intake of Specific Alcoholic Beverages, Nurses’ Health Study
II, 1991–2011

Type of Alcohol and
Consumption Frequency

Age-Adjusted Model 1a Model 2b

HR 95% CI HR 95% CI HR 95% CI

Regular beer

<1 per month 1.00 Referent 1.00 Referent 1.00 Referent

1 per month to 1 per week 1.06 0.95, 1.18 1.03 0.92, 1.15 1.04 0.93, 1.16

>1 per week 1.02 0.84, 1.25 0.93 0.77, 1.14 0.94 0.77, 1.15

Light beer

<1 per month 1.00 Referent 1.00 Referent 1.00 Referent

1 per month to 1 per week 1.02 0.92, 1.13 0.99 0.89, 1.10 1.00 0.90, 1.11

>1 per week 1.18 1.01, 1.38 1.04 0.89, 1.21 1.05 0.90, 1.23

Red wine

<1 per month 1.00 Referent 1.00 Referent 1.00 Referent

1 per month to 1 per week 0.92 0.83, 1.02 0.91 0.82, 1.01 0.92 0.82, 1.02

>1 per week 0.91 0.75, 1.09 0.85 0.70, 1.03 0.86 0.71, 1.04

White wine

<1 per month 1.00 Referent 1.00 Referent 1.00 Referent

1 per month to 1 per week 0.99 0.90, 1.07 0.98 0.89, 1.07 0.98 0.89, 1.07

>1 per week 0.91 0.79, 1.05 0.86 0.74, 0.99 0.86 0.73, 1.00

Liquor

<1 per month 1.00 Referent 1.00 Referent 1.00 Referent

1 per month to 1 per week 1.01 0.91, 1.12 0.95 0.86, 1.06 0.96 0.86, 1.06

>1 per week 1.01 0.82, 1.23 0.85 0.69, 1.04 0.86 0.70, 1.05

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Model 1 was adjusted for age (months; continuous), age at menarche (years; continuous), parity (nulliparous, 1–2 children, or ≥3 children),

breastfeeding duration (months; ordinal), body mass index (weight (kg)/height (m)2; <18.5, 18.5–24.9, 25.0–29.9, or ≥30.0), pack-years of
smoking by status (never smoked, past smoker 1–10 years, past smoker 11–20 years, past smoker ≥20 years, current smoker 1–10 years,
current smoker 11–20 years, or current smoker ≥20 years), oral contraceptive use (never, past, or current), and duration of oral contraceptive
use (months; never, 1–23, 24–47, 48–71, 72–95, 96–119, or ≥120).

b Model 2 was adjusted for model 1 covariates and mutually adjusted for other alcoholic beverage types (median g/day; continuous).

members of the Oslo Health Study, odds of natural meno-
pause between ages 40–44 years (n ≈ 200) were lower in
women who reported weekly alcohol intake than in non-
drinkers (odds ratio = 0.66, 95% CI: 0.37, 1.18), but the
statistical power was limited by the few cases (32). A sim-
ilar result was observed in a retrospective study of post-
menopausal Korean women (n = 1,599) that included 261
early natural menopause cases. Ever drinkers had lower
likelihood of early menopause (odds ratio = 0.81, 95% CI:
0.57, 1.15) compared with never drinkers; however, results
were not adjusted for smoking (33).

Our findings are consistent with literature considering
alcohol intake and age at menopause. In a 2016 meta-
analysis, researchers observed later age at menopause
related to alcohol intake, reporting a summary relative risk
for early menopause onset in drinkers versus nondrinkers
of 0.86 (95% CI: 0.78, 0.96) in 7 cross-sectional studies
and of 0.94 (95% CI: 0.91, 0.97) in 6 prospective studies
(8). Among prospective studies, alcohol intake amount was

related to later menopause onset as well; the relative risk for
those the highest intake category (>16 g/day) compared to
nondrinkers was 0.89 (95% CI: 0.86, 0.92). More recently,
Costanian et al. (40) reported an adjusted hazard ratio of
0.89 for menopause onset in weekly drinkers versus never
drinkers (95% CI: 0.81, 0.98) in a cross-sectional analysis
from the Canadian Longitudinal Study on Aging.

A strength of our analysis was evaluation of alcoholic
beverage–specific associations with early menopause risk
while mutually adjusting for other beverage types. Our
findings for beer and red wine are consistent with those
reported in a prospective study of perimenopause onset
among 502 women aged 36–45 years in which the authors
reported a null association for beer and an imprecise signal
with red wine intakes as low as 1–3 glasses/month (hazard
ratio = 0.58, 95% CI: 0.33, 1.03) up to ≥2 glasses/week (haz-
ard ratio = 0.67, 95% CI: 0.34, 1.31) (34). In contrast to our
findings, this study reported null associations for white wine
and liquor intake. However, this study used only baseline
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assessments of past year alcoholic beverage intake, which
may be more prone to non-differential misclassification in
comparison to the cumulatively averaged beverage intakes
used in our analyses of longitudinally collected data (39).

The health benefits of wine and liquor may be driven by
ethanol and antioxidants. Ethanol has estrogenic effects, and
studies of animal models and humans suggest ethanol may
modulate aromatase conversion of androgens to estrogen
(9). Health benefits of wine and particularly red wine may
be attributable to antioxidants in grapes, such as resveratrol
(34). Studies in rats have demonstrated resveratrol has many
ovarian protective effects, such as reducing follicular atresia
and mitigating oxidative stress (11, 12).

Strengths of our study include its prospective design and
robust follow-up, which reduced the potential for selection
bias. The study has a large sample size with longitudi-
nal measurement of alcohol and alcohol-specific beverage
types. The NHS2 is also a homogeneous sample of mostly
White women in nursing with a narrow range in socioe-
conomic position and similar educational ascertainment,
which by design enhances the internal validity of the find-
ings. However, some limitations are important to consider
when interpreting the findings. Alcohol consumption was
self-reported, which is prone to error and could lead to
exposure misclassification. Misclassification is likely inde-
pendent of incident early natural menopause, which could
have affected assessment of dose-response patterns unpre-
dictably. To address this possibility, we used cumulative
averages, which have been used to reduce the effects of
this type of misclassification (39). Despite the large sam-
ple size, few participants reported consuming more than 2
alcoholic beverages per day, limiting our statistical power to
evaluate associations at higher intakes. Because of multiple
comparisons, we may have observed associations due to
chance alone, and thus caution is warranted in interpreting
our findings. Lastly, 63% of our sample consumed alcohol,
and thus our findings may have limited generalizability to
populations with different alcohol consumption levels.

Findings of this large prospective study suggest that
moderate alcohol consumption, particularly of white wine,
is associated with modestly lower risk of early natural
menopause. Prior studies have been unable to evaluate
alcoholic beverage subtypes, and our analysis suggests this
association may be explained by consumption of white and
red wine and liquor. Nevertheless, high alcohol intakes,
regardless of type, were not associated with lower risk of
early natural menopause.
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