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Abstract
Background—Moderate alcohol intake is associated with lower risk of coronary heart disease, but
the association with SCD is less clear. In men, heavy alcohol consumption may increase risk of SCD,
while light-to-moderate alcohol intake may lower risk. There are no parallel data among women.

Objective—We assessed the association between alcohol intake and risk of sudden cardiac death
(SCD) among women, and investigated how this risk compared to other forms of CHD.

Methods—We conducted a prospective cohort study among 85,067 women from the Nurses’ Health
Study free of chronic disease at baseline. Alcohol intake was assessed every 4 years through
questionnaires. Primary end points included SCD, fatal CHD, and nonfatal myocardial infarction.

Results—We found a U-shaped association between alcohol intake and risk of SCD, with the lowest
risk among women who drank 5.0–14.9 g/day of alcohol (p for quadratic trend= 0.02). Compared to
abstainers, the multivariate relative risk (95% confidence interval) for SCD was 0.79 (0.55-1.14) for
former drinkers, 0.77 (0.57, 1.06) for 0.1– 4.9 g/day, 0.64 (0.43– 0.95) for 5.0 –14.9 g/day, 0.68
(0.38–1.23) for 15.0 –29.9 g/day, and 1.15 (0.70-1.87) for ≥30.0 g/day. In contrast, the relationship
of alcohol intake and nonfatal and fatal CHD was more linear (P for linear trend<0.001).
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Conclusions—In this cohort of women, the relationship between light-to-moderate alcohol intake
and SCD is U-shaped with a nadir at 5.0–14.9 g/day. Low levels of alcohol intake do not raise risk
of SCD and may lower risk in women.

Keywords
Sudden cardiac death; Acute coronary syndromes; Acute myocardial infarction; Epidemiology;
Alcohol; Nutrition; Risk Factors

Introduction
Numerous studies support a protective association of moderate alcohol intake on risk of
coronary heart disease (CHD)(1). Moderate alcohol may lower risk of other cardiovascular
diseases (CVD), including stroke(2) and congestive heart failure(3), but the association with
arrhythmic disorders is less clear. Previous research has focused on the pro-arrhythmic effects
of heavy alcohol consumption and binge drinking, including increased risk of supraventricular
arrhythmias (“holiday heart syndrome”)(4) and sudden cardiac death (SCD)(5,6).

On the other hand, moderate alcohol intake was not associated with higher risk of SCD(6-8),
and in some populations, was associated significantly with lower risk(9-12), compared to
abstainers. In the latter studies, conducted among primarily male populations, alcohol had a
U-shaped association with SCD risk; however whether the same relation applies to women is
uncertain. In general, the health effects of alcohol intake among women, both beneficial and
adverse, are apparent at lower levels of intake compared to men. We previously assessed the
relation of moderate alcohol consumption and CHD in the Nurses’ Health Study(13), which
has followed 121,700 apparently healthy women since 1976, and has repeatedly assessed
alcohol intake. In this analysis, we prospectively explore the role of alcohol intake on risk of
SCD among women, and investigated how this risk compares to other forms of CHD.

Methods
Study population

The Nurses’ Health Study is a prospective cohort of 121,700 registered female nurses, aged
30 to 55 y at baseline in 1976. Participants completed a mailed questionnaire inquiring about
medical history, cardiovascular and lifestyle risk factors, and this information is updated
biennially. We collected dietary information using a semi-quantitative food frequency
questionnaire (FFQ) administered in 1980 and approximately every 4 years thereafter. We
excluded women who were missing information on alcohol intake or reported implausible
dietary data (10 or more food items blank, or energy intake <600 or >3500 kcal per day) on
the 1980 FFQ. We also excluded women who reported a diagnosis of CVD or cancer (except
nonmelanoma skin cancer) prior to 1980. The Institutional Review Board of Brigham and
Women’s Hospital approved the study protocol.

Alcohol intake
In 1980, the FFQ included separate questions about beer, wine and liquor. Separate questions
on red and white wine were introduced on the 1984 questionnaire, and a question on low-calorie
beer was introduced in 1994. Each participant was asked how often, on average, she consumed
each beverage type over the past year, using standardized portions of each beverage [12-oz of
beer, 4-oz of wine, and a 1.5-oz of liquor]. We calculated average alcohol intake by multiplying
the frequency of each beverage by its ethanol content (beer: 12.8 g; light beer: 11.3 g; wine:
11.0 g; liquor: 14.0 g) and summing across all beverages. One drink is approximately 15 grams.
Alcohol intake, as estimated from the FFQ, is highly reproducible over a 1-2 year period
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(r=0.86-0.87) and is strongly correlated with alcohol intake estimated from dietary records
(r=0.90) and HDL cholesterol (r = 0.40)(14).

To avoid potential bias from including “sick quitters” in the referent category, we separated
nondrinkers into lifetime abstainers and former drinkers. We defined a former drinker in 2
ways. At baseline, women who reported consuming no alcohol in 1980 and reported a decrease
in alcohol intake within the previous 10 years were classified as former drinkers. During follow-
up, we classified women as former drinkers if they reported no alcohol intake on the current
questionnaire, but non-zero intake on the previous questionnaire. We categorized daily alcohol
intake into six categories: abstainer, former drinker, 0.1-4.9 (~<½ drink), 5.0-14.9 (~1/2-1
drink), 15.0-29.9 (~1-2 drinks), ≥30.0 g/day (~≥2 drinks).

Endpoint Ascertainment
The study end points were SCD, other fatal CHD, and nonfatal myocardial infarction(MI).
Deaths were either reported by next of kin or postal authorities or identified through a search
of the National Death Index. Death certificates were obtained to confirm deaths, and we sought
permission to obtain further information from medical records or family members. The next
of kin were interviewed about the circumstances surrounding the death if not adequately
documented in the medical record.

Specific details for the classification of SCD have been described in detail elsewhere(15).
Briefly, cardiac deaths were considered sudden if the death or cardiac arrest occurred within
1 hour of symptom onset as documented by medical records or through reports from next of
kin. To increase the specificity for an “arrhythmic death”, we excluded women with evidence
of circulatory collapse (hypotension, exacerbation of congestive heart failure or neurologic
dysfunction) before disappearance of the pulse, based on the definition by Hinkle and Thaler
(16). We considered unwitnessed deaths that could have occurred within 1 hour of symptom
onset, and that had autopsy findings consistent with SCD, as probable cases (n=34, 12%) and
included these in our analysis.

Fatal CHD was defined as ICD-9 codes 410-412 if confirmed by hospital records or autopsy,
or if CHD was listed as the cause of death on the death certificate, along with evidence of prior
CHD. Cases in which CHD was the underlying cause on the death certificate, but for which
no medical records concerning the death were available, were designated as presumed CHD
and included in the analysis. Additionally, all CHD deaths that did not fulfill the criteria for
SCD were designated other CHD deaths for these analyses.

When a participant reported a nonfatal MI on a biennial questionnaire, we requested permission
to obtain their medical records, which were reviewed by study investigators blinded to the
participants’ risk factor status. MI was defined according to World Health Organization criteria
and, cardiac-specific troponin levels, when available(17). MIs that required hospital admission
and were verified by letter or telephone interview, but for which medical records or pathology
reports were unavailable, were defined as probable cases and included in the analysis. Results
were similar if probable cases were excluded from the analysis.

Statistical analysis
We performed separate analyses for SCD, non-sudden fatal CHD and nonfatal MI. For the
analysis of fatal events, women contributed person-time from the return of the baseline
questionnaire in 1980 until the date of death or June 1, 2006, which ever came first. We did
not censor women at the time of development of nonfatal MI. For the non-fatal endpoint,
women contributed person-time from the return of the baseline questionnaire in 1980 until the
date of nonfatal MI, death or June 1, 2006.
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For descriptive purposes, we computed age-adjusted means and proportions of risk factors for
the 6 categories of alcohol intake at the midpoint of follow-up (1994). We used Cox
proportional hazards models to estimate the relative risk, adjusted for age, calories, smoking,
BMI, parental history of MI, menopausal status, use of postmenopausal hormones, aspirin use,
multivitamin and vitamin E supplements, physical activity and intake of marine omega-3 fat,
alpha-linolenic fat, trans fat, and ratio of polyunsaturated to saturated fat. In separate models,
we furthered adjusted for diagnosis of stroke, diabetes, high blood pressure, high cholesterol,
and CHD (for fatal analyses only), which are potential intermediates through which alcohol
influences risk of SCD and CHD.

We hypothesized that most recent intake would have the greatest influence on CHD risk;
therefore, we constructed time-varying Cox models where alcohol intake was updated at the
time of each questionnaire assessment and the most recent alcohol measurement was used to
estimate risk in the following time period (approximately 4 year risk). In these models, alcohol
in 1980 predicts risk of SCD from 1980 to 1984, alcohol in 1984 predicts risk from 1984 to
1986, and alcohol in 1986 predicts risk from 1986 to 1990, etc. In multivariable models, other
covariates were updated at various time points, and if data were missing at a given time point,
the last observation was carried forward. To test for a linear trend in the categorical analysis,
we excluded former drinkers and treated the median value of each alcohol category as a linear
variable. Based on our prior hypothesis, we tested for a curvilinear association between alcohol
and SCD by creating a quadratic term that squared this linear variable centered at the median
of the lowest risk category and including it in a separate model with the linear term. The
continuous measure of alcohol consumption was also used to fit a restricted cubic spline model,
using 3 knots(18,19). To make the graph more stable and meaningful, we excluded women
with alcohol intake greater than 50 g/day (0.7% of person-years) and former drinkers (13%).

The risk of SCD associated with individual beverage types (beer, wine, and liquor) was
assessed using updated measures of intake, after separating the abstainers from former drinkers.
In the multivariate model, we included the intake of all beverage types simultaneously. A single
category of ≥15.0 g/day of each individual beverage was created due to the small number of
participants in the higher intake categories.

In pre-specified secondary analyses, we explored a potential interaction between alcohol intake
and incident CHD during follow-up. To test formally for interaction, we modeled the cross-
product term between alcohol and CHD, and used a likelihood ratio test to compare models
with and without the interaction term. Analyses were performed using SAS software, version
9.2 (SAS Institute Inc, Cary, NC).

Results
Population characteristics

Table 1 shows the characteristics of participants categorized at the midpoint of follow-up
(1994), according to usual alcohol consumption. Over the course of the study, 26% of the
women were abstainers, 50% of the women consumed up to 15 g/day (1 drink), 4% reported
consuming 30.0-49.9 g/day (approximately 2-4 drinks), and <1% reported consuming ≥50.0
g/day (≥4 drinks). As compared with abstainers, women who consumed greater amounts of
alcohol tended to be current smokers, but also have a lower prevalence of diabetes, a lower
BMI, ex ercise more, have lower intake of trans fat, and higher intake of omega-3 fat.

Alcohol intake and risk of sudden cardiac death
Over 26 years of follow-up, we documented 295 cases of SCD, 987 cases of non-sudden CHD
deaths and 2195 cases of nonfatal MI. We found a U-shaped association between light-to-
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moderate alcohol consumption and risk of SCD in age and calorie-adjusted, as well as
multivariate adjusted, models (Table 2). After adjustment for diet, lifestyle and other CVD risk
factors, the lowest risk of SCD occurred among women who consumed 5.0 to 14.9 g of alcohol
daily (approximately ½-1 drink per day). The risk among women in the highest category of
alcohol intake (≥30 g or ~≥2 drinks/day) did not significantly differ from the risk observed
among the abstainers. There was no evidence for a linear trend, but the test for nonlinear trend
was significant and consistent with the observed U-shaped relation. The restricted cubic spline
curve also confirmed the U-shaped association (P=0.003) between alcohol intake and SCD
risk (Figure). In the spline model, the lowest risk of SCD occurred at approximately 13 g/day
of alcohol, and alcohol intake of up to 22 g/day was associated with significantly lower risk
compared to 0 g/day.

We found similar results when we restricted our endpoint to definite cases of SCD (p-quadratic
trend 0.02), and when we considered nondrinkers (abstainers + former drinkers) as the referent
category (p-quadratic trend=0.01). We found no evidence that the benefit of alcohol was
restricted to one type of beverage (beer, wine or liquor). The relative risk comparing light-to-
moderate drinkers (5-14.9 g/d) to abstainers was similar in magnitude for all beverage types
(RR = 0.78 for beer, 0.84 for wine, 0.77 for liquor). However, due to sparse data in these
analyses, relative risks were not statistically significant and our power to detect differences
between these relative risks was limited. We also did not find any significant difference in the
association between alcohol intake and SCD among women with a history of diagnosed CHD
(p-interaction=0.87).

Alcohol intake and risk of non-sudden CHD
In contrast to the U-shaped association observed with SCD, the association between alcohol
intake and nonfatal MI was more linear (p-linear trend<0.001) (Table 3). For non-fatal MI,
stronger risk reductions were apparent at higher levels of intake. The lowest risk of nonfatal
MI occurred among women who consumed ≥30 g/day of alcohol (RR: 0.56; 95%CI: 0.44-0.71).
Alcohol intake was inversely associated with risk of fatal CHD, with significant reductions in
risk observed at any level of alcohol intake in multivariable models. The risk of nonfatal MI
or fatal CHD among former drinkers was not significantly different from the risk among
abstainers.

Discussion
In this prospective cohort study of women, free of reported CVD at study entry, the relationship
between light-to-moderate alcohol intake and SCD was U-shaped; women with alcohol intake
of 5.0-14.9 g or approximately ½-1 drinks per day had a 36% lower risk of SCD compared to
abstainers, and there was no evidence that the benefit of alcohol was restricted to one type of
beverage. Higher intakes of alcohol (>30 g or 2 drinks/day) were not associated with increased
risk of SCD; however, the number of SCD among women who consumed >30 g/day was
limited. In contrast, the association between alcohol and non-sudden cardiac events was more
linear with significantly lower relative risks at higher levels of alcohol intake. This inverse
association between alcohol and non-sudden CHD risk was remarkably consistent with results
observed in the prior report from this cohort, with only 4 years of follow-up(13).

The U-shaped association for SCD observed in this prospective cohort of women is consistent
with the results in another prospective study of men. In the Physicians’ Health Study, men who
consumed light-to-moderate amounts of alcohol (2-6 drinks/week) had up to an 80% lower
risk of SCD compared to nondrinkers, while men with higher intake (≥2 drinks/day) had no
significant increase in risk(9). Similar to the present study, associations for non-sudden CHD
events differed, and higher levels of alcohol intake associated with lower risks of non-fatal MI
and non-sudden CHD death. However, despite these consistencies, several earlier prospective
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cohort studies did not observe a reduction in SCD risk associated with moderate alcohol intake
despite observing reductions in other CHD endpoints(6-8). In these early studies, the number
of SCD cases was relatively small, between 58 and 117 cases, which may have limited the
ability to detect significant reductions in risk. Furthermore, tests for non-linear associations
were not conducted, and moderate alcohol intake included intakes as high as 40 g/day (3-4
drinks per day) in some of these studies(7, 9).

In contrast to other prospective studies(5,6), we found no significant increase in SCD risk at
any level of alcohol intake; however, the range of alcohol intake among these female nurses
was truncated, with few women (4%) reporting moderate-to-heavy consumption (>30 g or >2
drinks/day), and even fewer (<1%) reporting more extreme intake (>50 g/day). Therefore, we
could not assess the hazards of heavy alcohol consumption on SCD risk. Among men without
pre-existing CHD, heavy drinking was associated with greater risk of sudden death(6,20). We
did not observe an increased risk among women with pre-existing CHD, although power to
detect an association was limited. Alternatively, while CHD underlies the majority of SCD
events in men, the etiology of SCD among women is more likely to be from other causes
(21), and therefore the interaction between alcohol and pre-existing disease may not hold
among women.

In experimental studies, alcohol exerts proarrhythmic effects, including inhibition of cardiac
sodium channel gating, increased ventricular repolarization, increased heart rate, decreased
heart rate variability and increased sympathetic activity(22-25). However, alcohol also has
beneficial effects on pathways involved in atherosclerosis progression, including plaque
rupture(26), lipids(26), inflammation(27), and hemostatic factors(28), through which it may
lower risk of coronary disease and SCD. Additionally, moderate alcohol intake was positively
associated with blood concentrations of marine n-3 fatty acids(29), which have anti-arrhythmic
properties and are strong predictors of SCD risk(30). The differential dose-response of alcohol
with sudden compared to non-sudden cardiac events suggests potentially different biological
effects of alcohol at various doses. Alcohol intake at low-to-moderate levels may lower risk
of both coronary disease and SCD through processes related to atherosclerosis, while at higher
doses, the proarrhythmic effects of alcohol may nullify any potential benefits for SCD.

This study has several additional limitations that warrant discussion. Although this is the largest
prospective study to examine the relationship between alcohol and SCD in women, we were
unable to assess the role of drinking patterns, and specifically binge drinking, on risk of SCD.
Binge drinking, but not usual alcohol intake, was associated with increased risk of SCD in men
(7), but data among women are scarce. Drinking frequency modifies the association between
heavy alcohol intake and risk of coronary disease. In a recent meta-analysis, heavy alcohol
drinkers who drank more frequently had a lower risk of CHD, while irregular and binge drinkers
had an elevated risk(31). However, the prevalence and importance of binge drinking may be
greater in men than in women(32). Therefore, more research is needed to understand the role
of drinking patterns in relation to SCD and to evaluate potential effect modification of this
relationship by gender.

These women may consume alcohol in a more healthful pattern. In survey data from the general
US population, 6% of women age 20 or older reported consuming ≥2 drinks/day on average
(33), and between 2.3% and 5.0% of women 45 and older report drinking ≥7 drinks/week on
average(34). In this population, more women consume ≥1 drink/day (11%), but fewer women
consume >2 drinks/day (4%). Although we attempted to control for confounding by healthy
lifestyle, residual confounding remains possible. Furthermore, the homogeneity of this cohort
of US female registered nurses may limit the generalizability of these findings. However, this
homogeneity also minimizes variation in socioeconomic status and other potential
confounders. We also had limited power to detect plausible interactions by incident CHD or
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to explore potential differing associations by beverage type, particularly for subcategories such
as red versus white wine where sparse data precluded meaningful analyses. Finally, drug
therapy evolved drastically throughout this study. For example, women were enrolled during
in an era of Type I antiarrhythmic drugs and had a much lower prevalence of CVD medications,
like ACE inhibitors or beta-blockers. Unfortunately, we do not have comprehensive data on
drug therapies, in particular during the early follow-up years, and could not control for these
factors adequately.

An important strength of these data is the repeated assessment of alcohol intake, which allowed
us to explore relatively short-term effects of alcohol, which may be the most biologically
relevant period for arrhythmias and SCD. We separated the former drinkers from abstainers
using the updated alcohol data, minimizing any potential “sick quitter” bias to the extent
possible. However, when we included former drinkers in the referent non-drinking category,
the results were similar. Additionally, the categories of alcohol intake in previous studies
included a relatively wide range of intake (i.e. 2-6 drinks/day). The details on alcohol intake
in the FFQ used in this analysis allowed for the calculation of alcohol in grams per day, which
enhanced the precision of our exposure.

Conclusions
This study supports previous evidence that light-to-moderate alcohol consumption is not
associated with greater risk of sudden death, and may provide benefit in prevention of sudden
death. Current recommendations for alcohol intake suggest that women consume no more than
1 drink per day. When our results are taken in context of the prior literature on the role of
alcohol and risk of chronic disease in women, intake of up to 1 drink per day is related to a
lower risk for SCD, coronary heart disease, stroke and congestive heart failure. Higher intake
of alcohol may be associated with lower risk of overall coronary disease, but also is associated
with greater risk of atrial fibrillation(35), stroke,(2) and cancer(36). Advice to consume any
amount of alcohol must balance the potential benefits against potential risks related to other
chronic diseases. These data indicate that light-to-moderate alcohol intake may be considered
part of a healthy lifestyle for overall chronic disease prevention, including prevention of SCD,
when consumed responsibly, and when not contraindicated by other factors.
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Figure.
Multivariate Relative Risk of SCD as a Function of Alcohol Intake Data were fitted by a
restricted cubic spline Cox proportional hazards model. The 95% confidence intervals are
indicated by the dashed lines. Models adjusted for age, calories, smoking, BMI, parental history
of MI, menopausal status, use of postmenopausal hormones, aspirin use, multivitamin and
vitamin E supplements, physical activity and intake of omega-3 fatty acid, alpha-linolenic fatty
acid, trans-fatty acid, ratio of polyunsaturated to saturated fatty acids, diagnosis of CHD,
stroke, diabetes, high blood pressure and high cholesterol. The spline was based on 247 cases
after the exclusion of former drinkers and women with intake >50 g/day.
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