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Abstract

Objective: To determine if alcohol consumption is associated with incident overweight or obesity 

in normal-weight, postmenopausal women.

Design: Prospective cohort study considering baseline alcohol consumption and subsequent 

weight change over 7 years.

Subjects: 15 920 normal-weight (BMI: 18.5–24.9 kg/m2), postmenopausal women enrolled in 

the Women’s Health Initiative clinical trial (WHI CT).
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Measurements: Body weight change and incident overweight and obesity (BMI, 25.0–29.9 and 

≥ 30 kg/m2) over 7 years.

Results: A third of the 13 822 women included in the analytical cohort reported no alcohol 

consumption. BMI differed little between abstainers (22.8 ± 1.58 kg/m2) and alcohol consumers in 

the upper quintile (22.7 ± 1.53 kg/m2). Among normal-weight women the risk of becoming 

overweight or obese over a 7-year follow-up period was 35 or 88% lower, respectively, for women 

in the upper quintile of alcohol intake relative to abstainers (HR, 0.65; 95% CI, 0.58–0.73 or HR, 

0.12; 95% CI, 0.05–0.25, respectively). Risk for overweight and obesity was not significantly 

modified by age. Wine consumption showed the greatest protective association for risk of 

overweight (HR, 0.75; 95% CI, 0.68–0.84), followed by liquor (HR, 0.85; 95% CI, 0.78–0.93) and 

beer (HR, 0.90; 95% CI, 0.82–1.00).

Conclusion: Postmenopausal women of normal-weight who report moderate alcohol intake have 

reduced risk of becoming overweight or obese over time. Perhaps weight control measures in this 

population should target behaviors other than reduction in alcohol for those consuming moderate 

amounts.

Keywords

alcohol; body weight; body mass index; overweight; obesity

INTRODUCTION

The prevalence of obesity among US adults has risen steadily over the past several decades, 

although an indication of stabilizing rates has recently emerged among older women (1–3). 

Alcohol contains 7 kilocalories (kcal) per gram and therefore can contribute significantly to 

the overall energy profile of the diet in frequent consumers. It is estimated that more than 

half of US adults consume alcohol on a regular basis (4), whereas 24.6% are lifelong 

abstainers (5). Evaluation of the relationship between alcohol intake and obesity risk has 

provided inconsistent results. The current 2010 Dietary Guidelines for Americans as well as 

a recent systematic review have called for additional study of this relationship in order to 

inform on future public health guidance (6,7) and to evaluate demonstrated gender 

differences in this relationship (8). In a study of middle-aged, female health professionals, 

alcohol intake was inversely associated with risk of overweight or obesity (9), possibly 

related to a concomitant reduction in energy intake from other sources (10). However, 

evidence has been inconsistent (11,12).

The Women’s Health Initiative Clinical Trial (WHI CT) (13) provides a rich dataset in 

which to test further the hypothesis that alcohol intake is associated with weight change in 

postmenopausal women. Importantly, the WHI CT provides an opportunity to assess 

whether the Women’s Health Study (WHS) (9) findings that alcohol intake was inversely 

associated weight gain can be replicated in a more representative and somewhat more 

multiethnic population of US women. Here we describe baseline alcohol intake in 15 920 

postmenopausal women in WHI CT with normal BMI (18.5 to < 25 kg/m2) at study 

initiation and prospectively evaluate the relationship between alcohol intake and incidence of 

overweight/obesity over 7 years of follow-up. We hypothesized that women who reported 
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greater intake of alcohol would demonstrate a trajectory characterized by stable or reduced 

body weight over time compared with abstainers of alcohol, thus replicating the WHS 

findings.

METHODS

Study Population

The study design and population sample for the overall WHI study, including the WHI CT, 

have been described previously (13). Briefly, the WHI CT enrolled women in one or more of 

three randomized, controlled clinical trials: 1) hormone therapy (HT; estrogen alone, 

estrogen plus progestin, or placebo); 2) diet modification (DM; low-fat and high-fruit/

vegetable/grain diet or usual diet); and 3) calcium and vitamin D (800 mg/d calcium 

carbonate plus 400 IU/d vitamin D or placebo). Written informed consent was obtained from 

all study participants prior to study enrollment, and the trials were approved by the 

Institutional Review Boards of each of the 40 participating institutions. Main findings from 

the trials have been published previously (14–20). Of the 15 920 women included in the 

present analysis, 6 015 women were enrolled in the HT trial, 11 078 in DM, and 8 663 in 

calcium-vitamin D, understanding that women could concurrently enroll in multiple trials.

The analytical cohort for the present study included only those women in the WHI CT with 

normal BMI (18.5 to <25 kg/m2) at baseline and those with at least three additional BMI 

measures during the 7-year follow-up period (n = 16 274). Women were excluded if they 

reported implausible total energy intake (< 600 or > 5000 kcal/d; n = 241) or an average of 

more than one hospitalization per year (n = 117), yielding a final sample of 15 920 women. 

The final analytical cohort included 13 822 women due to missing data for covariates in the 

multivariate models. Although the WHI CT had follow-up data for up to 11 years, we 

restricted our analysis to 7 years because less than 50% of participants were scheduled for 

further weight assessments after this time point due to the multi-year enrollment of the 

cohort.

Alcohol Intake

Alcohol intake was assessed using the WHI semi-quantitative, validated food frequency 

questionnaire (FFQ), which also provided data for intake of other nutrients (21). Women 

were asked to report frequency of intake as one of nine possible responses, ranging from 

“never or less than once per month” to “6+ times per day”. Women were also asked to report 

a serving size of small, medium, or large using 12 oz beer, 6 oz wine, and 1.5 oz liquor as 

the referent amount for a medium serving of alcohol. Intake of alcohol and other nutrients 

was then estimated by multiplying frequency of intake by reported portion size. Consistent 

with published reports, diet records collected on a 6% sub-sample of WHI women showed a 

correlation between alcohol intake estimated from the FFQ and diet record of 0.86 (21, 22). 

Total nonalcohol energy intake was calculated by multiplying the amount of alcohol 

consumed (g) by 7 (kcal/g) and subtracting this value from total energy intake (kcal).
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Anthropometric Data

Height, weight, and waist circumference were measured using standardized procedures in 

the WHI clinics at baseline and annually in CT participants (n = 68 132). Height was 

measured using a wall-mounted stadiometer at end-inspiration without shoes, recorded to 

the nearest 0.1 cm. Weight was measured using a calibrated balance beam or digital scale, 

without shoes or heavy clothing, and recorded to the nearest 0.1 kg. BMI, calculated as 

weight (kg) divided by height (m) squared, was used to categorize women’s weight status, 

including underweight (< 18.5 kg/m2), normal weight (18.5– < 25 kg/m2), overweight (25– 

< 30 kg/m2), or obese (≥ 30 kg/m2), according to definitions provided by the World Health 

Organization (Fact Sheet No 311, updated March 2011). Waist circumference was measured 

at a horizontal plane, at the level of the natural waist and at end-inspiration, and recorded to 

the nearest cm. Incidence of overweight or obesity was defined as crossing from a normal 

weight (18.5– < 25 kg/m2) to a BMI category of overweight (≥ 25 kg/m2) or obese (≥ 30 

kg/m2).

Statistical Analysis

Alcohol abstainers were defined as women with < 0.2 g/d intake to allow for trace alcohol 

consumed from food sources, and higher levels of intake were evenly divided into quartiles 

(quintiles 2–5). Participant characteristics were compared across quintiles of alcohol intake 

using a nonparametric test for trend (23) for continuous variables, Kruskal-Wallis test for 

ordinal variables (education), or chi-square test for categorical variables.

The association between alcohol intake and body weight change was tested using linear 

regression, with alcohol abstainers (quintile 1) as the reference group. Demographic, dietary, 

lifestyle, and clinical factors that were significantly associated with alcohol intake were 

selected as potential confounders. Thus, multivariate models were adjusted for the 

following: baseline age; race/ethnicity; education; baseline height and weight; physical 

activity; smoking (never, former, or current); clinical trial arms; history of diabetes 

treatment, cardiovascular disease, and cancer; percent of total energy intake as fat and 

carbohydrate; fruit and vegetable intake; nonalcohol energy; and total calcium (diet plus 

supplement). Potential effect modification by age was investigated via stratified analyses, 

dividing the population into two age groups, 50–59 and 60+ y, and tested using likelihood 

ratio tests.

Risk of incident overweight/obesity over 7 years across quintiles of alcohol intake was tested 

using Cox proportional hazards regression, yielding hazards ratios (HRs) and 95% 

confidence intervals (CIs), using alcohol abstainers (quintile 1) as the reference group. Time-

to-overweight and time-to-obese were analyzed separately. Women were censored at the first 

year they had a BMI that qualified as overweight (≥ 25 kg/m2) or obese (≥ 30 kg/m2) or at 

their final weight measurement. Multivariate models were adjusted for potential confounders 

as listed above. Effect modification by age was investigated as described above. In addition 

to overall alcohol consumption, intake of beer, wine, or liquor (servings/d) was also tested 

for association with risk of overweight/obesity, using abstainers as the reference group. For 

individual alcohol sources, groups were combined (beer, quintiles 1–3; wine, quintiles 1–2; 
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or liquor, quintiles 1–2) into a single category because a large proportion of participants 

consumed zero servings/d of the alcohol source in question.

Several supplemental analyses were conducted to see if the overall associations would 

persist. First, we restricted analyses to never-smokers (n = 7131). Second, we used quintile 2 

as the reference group (excluding alcohol abstainers). Third, we restricted analyses to 

women with BMI measured at all 8 time points (baseline plus 7 years’ follow-up) and 

without any history or incidence of diabetes treatment, cancer, or cardiovascular disease/

myocardial infarction (n = 5353). All statistical analyses were conducted using Stata 12.0 

(StataCorp, College Station, TX).

RESULTS

The 15 920 postmenopausal women had a mean age of 62.7 y, of which 87.6% were non-

Hispanic white and one-third reported abstaining from alcohol. Compared with alcohol 

users, abstainers tended to be older, of minority race/ethnicity, and never-smokers (Table 1). 

Abstainers also were more likely to have a prior history of diabetes treatment or 

cardiovascular disease. Both total energy intake and nonalcohol energy intake were 

significantly higher in alcohol consumers than abstainers. Importantly, leisure-time physical 

activity also showed a positive relationship with alcohol intake. Though BMI differed little 

between abstainers (22.8 ± 1.58 kg/m2) and women in the upper quintile of alcohol intake 

(22.7 ± 1.53 kg/m2), these differences were statistically significant.

Over 7 years of follow-up, postmenopausal women showed a general pattern of weight gain, 

regardless of baseline alcohol consumption (Figure 1). After demonstrating a slight 

reduction in weight during the first year on study, women in all quintiles of alcohol 

consumption demonstrated a rise in weight. Women with the highest intake of alcohol 

(quintile 5) demonstrated the least weight gain over time, and women with lower intake 

(quintiles 1 and 2) had the most. In a series of seven multivariate linear regression models of 

body weight change at each year since baseline, a test for trend in the relationship between 

alcohol intake and weight was strongly significant for each year of follow-up (all P < 0.001).

Since weight gain was demonstrated across all groups, we next investigated whether alcohol 

consumption was associated with higher or lower risk of becoming overweight or obese, 

given the sample included only women with normal BMI at baseline. The risk of incident 

overweight or obesity was significantly lower with increasing alcohol consumption (HR, 

0.65; 95% CI, 0.58–0.73 and HR, 0.12; 95% CI, 0.05–0.25, respectively, for risk in the 

highest quintile relative to abstainers) over the 7-year study period (Table 2). A reduced 

incidence of overweight was also demonstrated for wine (HR, 0.75; 95% CI, 0.68–0.84), 

liquor (HR, 0.85; 95% CI, 0.78–0.93), and, to a lesser degree, beer (HR, 0.90; 95% CI, 

0.82–1.00) consumption.

The inverse relationship between alcohol intake and risk of overweight did not significantly 

differ for women age ≥ 60 y (HR, 0.61; 95% CI, 0.52–0.71) from those age 50–59 y (HR, 

0.74; 95% CI, 0.61–0.89; likelihood ratio test P = 0.165) (Table 3). The same was true for 

risk of obesity (younger women versus older women; HR, 0.09; 95% CI, 0.03–0.27 versus 
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HR, 0.16; 95% CI, 0.05–0.46, respectively; likelihood ratio test P = 0.838). The overall 

associations were unchanged when analysis was restricted to never smokers (Table 4). Less 

than 10% of this cohort was identified as current smokers, but the effect of alcohol on 

overweight/obesity risk was similar in this group, although the estimates were less precise 

(data not shown). No substantial differences were shown after restricting the analysis to 

women with BMI measured at all 8 time points and without any history or incidence of 

diabetes treatment, cancer, or cardiovascular disease/myocardial infarction (data not shown).

DISCUSSION

Despite high rates of obesity and alcohol use in the US, current epidemiological evidence 

evaluating the relationship between them remains inconsistent. Our results suggest that 

moderate alcohol intake is not associated with incident overweight or obesity in 

postmenopausal women. Current US Dietary Guidelines (2010) support our findings (6). 

However, in a recent review of 67 studies investigating this association, half reported a 

positive association, approximately 20% reported null results, and the remaining 30% 

reported an inverse association (12). An understanding of energy balance would suggest that 

increasing intake of alcohol, a relatively energy-dense dietary item, would contribute to 

weight gain in most individuals. Yet, in studies testing these associations in women, an 

inverse association is more commonly shown (24–27).

The only study included in the review (12) with prospective evaluation of weight change in a 

similar sample size of women was the WHS, which also showed an inverse association 

between alcohol intake and weight gain (9). In their study of over 19 000 adult women, 

those who consumed > 30 g alcohol daily (well above the 13.5 g/d reported here) had a 27% 

lower risk of incident overweight or obesity than abstainers (8). Similar findings were 

observed in an evaluation of women in the first National Health and Nutrition Examination 

Survey (NHANES), wherein drinkers were more likely to be weight stable over a 10-year 

follow-up (27). In a secondary analysis evaluating the role of dietary behaviors and weight 

change, alcohol intake was inversely associated with weight gain in both the Nurses’ Health 

Study (NHS) I and NHS II (28). Risk for weight gain was also reduced in alcohol consumers 

compared with abstainers in a UK study of 49 324 younger women (age 27–44 y), 

particularly for intakes between 15 and 29.9 g/d (HR, 0.86; 95% CI, 0.76–0.78) (29). Our 

results corroborate these published findings, suggesting an overall 35% lower risk of 

becoming overweight and 88% lower risk of becoming obese for postmenopausal women 

who consume a median intake of 19.4 g alcohol per day.

Our results suggest that the lower weight gain associated with greater alcohol intake is 

independent of total energy intake, in that women who reported the greatest intake of alcohol 

also reported greater total and nonalcohol energy intake, similar to findings from NHANES 

(1999–2006) (30). Evidence from short-term, controlled feeding studies also indicates that 

there is usually no compensation for energy intake, and alcohol use tends to increase 

involuntary intake (10). In contrast, findings from the WHS (9) and NHANES I (31) showed 

greater total energy intake in alcohol consumers but lower nonalcohol energy intake, 

suggesting some compensation for energy intake from alcohol among women in the upper 
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quintiles of consumption. A few studies have suggested that carbohydrate intake is inversely 

associated with alcohol intake (24, 32), as was shown here (P = 0.032).

In this analysis, weight gain was attenuated in the upper quintiles of alcohol intake, 

controlling for energy intake. One explanation may be the estimated 20% increase in 

metabolism-associated or diet-associated thermogenesis induced by alcohol, a level well 

above the usual thermogenic response with intake of other macronutrients (33). Further, a 

greater proportion of alcohol is metabolized through the microsomal ethanol oxidizing 

system in heavy, regular alcohol consumers than in individuals with low-to-moderate 

consumption, thus contributing to a reduced energy gain via ATP production during periods 

of heavy consumption (34). In fact, there is some indication that alcohol intake increases 

resting energy expenditure (35). Individuals with higher BMI metabolize alcohol more 

efficiently and thus may not benefit from the thermogenic rise observed in lean subjects 

(36,37). Calories from alcohol are estimated to contribute 3–9% of total energy consumption 

among those who drink alcohol (38). However, dose of alcohol consumed may explain why 

intake is not associated with weight gain, particularly in women who, as in this study, report 

low intake (mean and median of 6.4 and 1.8 g/day, respectively).

The present study has several strengths. The robust dataset of the WHI CT allowed an 

opportunity to evaluate these important associations with scientific rigor, controlling for 

several relevant confounders and applying repeat clinic measures of body weight. 

Limitations of this study also deserve comment. First, alcohol use/intake is known to be 

underreported, and no objective measures of exposure are available. Second, we used dietary 

data from the FFQ, and it has been demonstrated that significant measurement error exists in 

relation to FFQs, particularly for energy intake. The error estimates for this FFQ have been 

reported previously and suggest error is positively correlated with BMI and varies by race/

ethnicity (39). Third, while the number of women who progressed from normal weight to 

overweight was quite large, the sample size to evaluate progression to obesity was much 

smaller and limited our ability to draw inference. In addition, the dataset did not afford an 

opportunity to evaluate the relationship between body weight change and patterns of alcohol 

consumption such as binge versus regular intake or alcohol consumption over adulthood, 

which are additional factors that may inform of this association. In fact, evidence, albeit 

limited, has supported the notion that drinking frequency is positively associated with central 

adiposity; however, in our sample waist circumference was not associated with intake. 

Further, despite having evaluated the associations in adjusted models, residual confounding 

may bias these results. Additionally, new and compelling evidence suggests obesity may be 

more prevalent in women with familial alcoholism despite the avoidance of alcohol (40), 

since the dopamine-modulated neurobiological adaptation response may play similar roles in 

alcoholism and overeating. Finally, we did not have complete weight data for all subjects at 

all time points, and women with co-morbidities such as diabetes, cancer, or cardiovascular 

disease were not excluded in order to maximize our sample size. Thus, our results may be 

biased by the fact that obese individuals, those with co-morbidities that could alter alcohol 

intake, or those with high alcohol intake may be less likely to attend clinic visits for weight 

measurement. However, our findings remain similar in a final sensitivity analysis wherein 

the sample was further restricted to women with BMI measured at all 8 time points and 
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those without any history or incidence of diabetes treatment, cancer, or cardiovascular 

disease/myocardial infarction (data not shown).

In conclusion, our analyses from a large-scale, prospective cohort suggest that moderate 

alcohol intake in normal-weight, postmenopausal women is associated with significantly 

reduced risk of becoming overweight or obese. These results support emerging evidence 

from other large cohorts, including results from the WHS, and extend the findings to an 

older sample of women. Clinically these data suggest that moderate alcohol intake does not 

promote weight gain after menopause in women of normal BMI. They may also suggest that 

moderate intake will not compromise a diet plan targeting healthy weight maintenance after 

menopause as suggested by current Dietary Guidelines, but this would need to be evaluated 

further (6).
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Figure 1. 
Adjusted mean body weight change (in kilograms) during 7-year follow-up for post-

menopausal women in the WHI CT (n = 13 822) according to quintiles of baseline total 

alcohol intake. Quintile 1 represents 4624 alcohol abstainers, and the remaining cohort was 

divided evenly into quartiles to create quintiles 2–5. The range of alcohol intake in each 

quintile was as follows (g/d): quintile 1, 0–<0.2; quintile 2, 0.2–1.77; quintile 3, 1.77–6.49; 

quintile 4, 6.49–13.55; and quintile 5, 13.55–197
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