
© The Author 2016. Published by Oxford University Press on behalf of The Gerontological Society of America. All rights reserved. 
For permissions, please e-mail: journals.permissions@oup.com.

S138

Research Article

Alcohol Consumption Levels and All-Cause Mortality 
Among Women Veterans and Non-Veterans Enrolled in 
the Women’s Health Initiative
Tracy L.  Simpson, PhD,*,1,2 Eileen  Rillamas-Sun, PhD, MPH,3,4 Keren  Lehavot, PhD,2,5 
Christine  Timko, PhD,6,7 Amy  Rubin, PhD,8,9 Michael A.  Cucciare, PhD,10,11 Emily C. 
Williams, PhD, MPH,5,12 Claudia B. Padula, PhD,7,13 Julie R. Hunt, PhD,3 and Katherine 
J. Hoggatt, PhD, MPH14,15

1Center of Excellence in Substance Abuse Treatment and Education, VA Puget Sound Health Care System, Seattle, 
Washington. 2Department of Psychiatry and Behavioral Sciences, University of Washington, Seattle. 3Division of Public 
Health Sciences, Fred Hutchinson Cancer Research Center, Seattle, Washington. 4VA Puget Sound Health Care System, 
Seattle, Washington. 5Health Services Research & Development, VA Puget Sound Health Care System, Seattle, Washington. 
6Health Services Research and Development, Center for Innovation to Implementation, VA Palo Alto Health Care System, 
California. 7Stanford University, Menlo Park, California. 8Section of General Internal Medicine and the National Center for 
PTSD, VA Boston Health Care System, Massachusetts. 9Boston University, Massachusetts. 10Center for Mental Health Care 
and Outcomes Research (CeMHOR), Central Arkansas Veterans Health Care System, Little Rock. 11University of Arkansas for 
Medical Sciences, Little Rock. 12Department of Health Services, University of Washington School of Public Health, Seattle. 
13VA Palo Alto Health Care System, California. 14VA HSR&D Center for the Study of Healthcare Innovation, Implementation 
and Policy (CSHIIP), VA Greater Los Angeles Healthcare System, California. 15University of California, Los Angeles.

*Address correspondence to Tracy L. Simpson, PhD, Center of Excellence in Substance Abuse Treatment and Education, VA Puget Sound Health 
Care System, Department of Psychiatry and Behavioral Sciences, University of Washington, 1600 South Columbian Way, Seattle, WA 98108. 
E-mail: tracy.simpson@va.gov

Received June 19, 2015; Accepted September 21, 2015

Decision Editor: Lori A. Bastian, MD, MPH

Abstract
Purpose: To address research gaps regarding women Veterans’ alcohol consumption and mortality risk as compared to 
non-Veterans, the current study evaluated whether alcohol consumption amounts differed between women Veterans and 
non-Veterans, whether Veterans and non-Veterans within alcohol consumption groups differed on all-cause mortality, and 
whether Veteran status modified the association between alcohol consumption and all-cause mortality.
Design and Methods: Six alcohol consumption groups were created using baseline data from the Women’s Health Initiative 
Program (N = 145,521): lifelong abstainers, former drinkers, less than 1 drink/week (infrequent drinkers), 1–7 drinks/week 
(moderate drinkers), 8–14 drinks/week (moderately heavy drinkers), and 15 or more drinks/week (heavy drinkers). The 
proportions of Veteran and non-Veteran women within each alcohol consumption category were compared. Mortality rates 
within each alcohol consumption category were compared by Veteran status. Cox proportional hazard models, including 
a multiplicative interaction term for Veteran status, were fit to estimate adjusted mortality hazard (rate) ratios for each 
alcohol consumption category relative to a reference group of either lifelong abstainers or moderate drinkers.
Results: Women Veterans were less likely to be lifelong abstainers than non-Veterans. Women Veterans who were former or 
moderate drinkers had higher age-adjusted mortality rates than did non-Veterans within these alcohol consumption catego-
ries. In the fully adjusted multivariate models, Veteran status did not modify the association between alcohol consumption 
category and mortality with either lifelong abstainers or moderate drinkers as referents.
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Implications: The results suggest that healthcare providers may counsel Veteran and non-Veteran women in similar ways 
regarding safe and less safe levels of alcohol consumption.

Key Words: Mortality risk, Drinking, Veteran status, Postmenopausal women, Health behavior practices

The Women’s Health Initiative Program (WHI) has provided 
an unprecedented window into postmenopausal women’s 
health. Because of the vast numbers of women involved, it 
has been possible to focus on key subsets of women whose 
health risks and concerns may be unique (Garcia et al., 2014; 
Valanis et al., 2000). One such group is the roughly 3,700 
women in the WHI who reported serving in the U.S. military. 
Other studies using large, nationally representative datasets 
have found that compared to women non-Veterans, women 
Veterans report inferior general health, higher incidence of 
unhealthy behaviors, such as smoking and lack of exercise, 
and higher incidence of mental and chronic health condi-
tions (Lehavot, Hoerster, Nelson, Jakupcak, & Simpson, 
2012; Lehavot et al., 2014). The first study conducted that 
compared Veterans and non-Veterans using the WHI data 
found health disparities consistent with these previous stud-
ies and also found higher rates of all-cause mortality for 
Veterans relative to non-Veterans (Weitlauf et  al., 2015). 
Thus, research on various modifiable health-risk behaviors 
associated with early mortality that may differentially affect 
women Veterans is indicated.

Women Veterans, Alcohol Consumption, and 
Mortality
Various levels of alcohol consumption may constitute mod-
ifiable risk behaviors that could contribute to the mortality 
disparity apparent for women Veterans relative to non-
Veterans. Most of the extant research on women Veterans’ 
drinking has been conducted with VA patients and only 
a few studies have compared women Veterans at large to 
women non-Veterans (see Hoggatt et al., 2015 for a sys-
tematic review of literature pertaining to women Veterans’ 
alcohol and drug use). The population-based studies com-
pared rates of binge drinking between Veteran and non-
Veteran women (Grossbard et  al., 2013; Lehavot et  al., 
2012, 2014), and one of these also compared rates of heavy 
drinking (Grossbard et  al., 2013). None of these studies 
found significant differences between women Veterans and 
non-Veterans. A  fourth study that utilized national sur-
vey and VA data reported the rates of positive screens for 
alcohol misuse among past-year drinkers were compara-
ble for women non-Veterans and Veterans (35% and 37%, 
respectively; Delaney et al., 2014). Although these results 
suggest that women Veterans may not have an elevated 
risk for engaging in heavy alcohol consumption or prob-
lematic alcohol use relative to non-Veteran women, addi-
tional comparisons of different drinking parameters using 
data from other large scale studies, such as the WHI, could 
increase confidence in the consistency of findings or could 

identify more nuanced differences that may help healthcare 
providers of women Veterans to optimally screen and treat 
their patients. Comparisons using the WHI data would also 
provide specific information about women 50 years of age 
and older.

Among women in the general population, being a life-
long abstainer, a former drinker, or a current heavy drinker 
are all associated with elevated risk of early mortality com-
pared to being a moderate drinker (Bertoia et  al., 2013; 
Di Castelnuovo et  al., 2006; Fuchs et  al., 1995; Klatsky 
& Udaltsova, 2007; Liao, McGee, Cao, & Cooper, 2000; 
McCaul et al., 2010; Wang et al., 2014). A study using the 
WHI data reported similar results regarding the relation-
ships between alcohol consumption categories and mortal-
ity rates up to 8 years post-baseline (Freiberg et al., 2009). 
This study also reported that the relationship between alco-
hol consumption levels and mortality varied by race/eth-
nicity (Freiberg et al., 2009), suggesting the importance of 
evaluating subgroups of women to understand who might 
be at particular risk in order to optimize screening and care 
provision. One study among women VA patients found 
that those with severe alcohol misuse on a standard screen-
ing measure had seven times the 2-year mortality risk of 
women scoring in the mild misuse range (Harris, Bradley, 
Bowe, Henderson, & Moos, 2010). However, because this 
study analyzed data from VA patients only, it does not 
address the issue of whether various alcohol consumption 
levels have differential bearing on mortality risk for women 
Veterans and non-Veterans.

Comparisons between Veteran and non-Veteran women 
based on the full range of alcohol consumption levels, 
including being either a lifelong abstainer or a former 
drinker, have not yet been undertaken, and no studies have 
compared Veteran and non-Veteran women’s mortality 
risk in the context of different alcohol consumption lev-
els. Thus, it is unclear whether the relationships between 
alcohol consumption and mortality seen for women at 
large are pertinent to the subgroup of women Veterans in 
the WHI. The current study explored questions related to 
each of these gaps in the literature by comparing rates of 
membership in various alcohol consumption groups across 
women Veterans and non-Veterans, assessing whether mor-
tality rates within each alcohol consumption group were 
comparable for Veterans and non-Veterans, and evaluating 
whether Veteran status modifies the relationship between 
alcohol consumption and mortality rates. Consistent with 
other studies on alcohol and mortality (Di Castelnuovo 
et  al., 2006; Fuchs et  al., 1995; Klatsky & Udaltsova, 
2007), we treated both lifelong abstainers and moderate 
drinkers as reference groups.
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Design and Methods

Study Design
The WHI program consisted of three clinical trials (CT) 
that evaluated hormone therapy, dietary modification, 
and calcium and vitamin D supplementation as well as an 
observational study. The study design and implementa-
tion for the WHI study have been described in detail else-
where (Anderson et al., 2003; Langer et al., 2003; Women’s 
Health Initiative Study Group, 1998). Briefly, women were 
recruited at 40 clinical centers in the United States and were 
eligible to participate if they were aged 50–79 years, post-
menopausal, planned to remain in the area, did not report 
having been an excessive drinker in the past 5 years (i.e., 
(a) self-evaluated “excessive drinker,” (b) had consumed the 
equivalent of a fifth of liquor in 1 day, or (c) had 2 or more 
weeks of drinking seven or more drinks each day), did not 
report needing to use more drugs to feel desired effects, did 
not report serious emotional problems that would interfere 
with study participation, and had an estimated survival of 
at least 3 years; the CTs each had additional eligibility crite-
ria. A total of 161,808 women were enrolled from 1993 to 
1998. The 145,521 participants who provided information 
on Veteran status were included in the current analyses. 
The main WHI program was completed in 2005, but two 
WHI Extension Studies enabled the continuation of data 
collection and outcomes assessment through 2015.

At the baseline assessment, participants completed 
standardized questionnaires about demographics, health 
behavior, and psychosocial characteristics and these data 
were used to characterize the exposure and covariate meas-
ures for the current analyses. Mortality data were collected 
through 2014, thus comprising between 16 and 21 years of 
study follow-up.

The study procedures were reviewed and approved 
by the institutional review boards at all 40 of the par-
ticipating clinical centers. All of the participants provided 
written informed consent at WHI baseline and again at 
enrollment in each of the Extension Studies. The VA Puget 
Sound Healthcare System Institutional Review Board and 
Research and Development office reviewed and approved 
the current study.

Measures

Veteran Status
Veteran status was consistent with having responded affirm-
atively to the question, “Have you served in the U.S. armed 
forces on active duty for a period of 180 days or more?”

Alcohol Consumption Groups
Consumption of alcohol was characterized based on the 
responses to two questions, the first being “During your 
entire life, have you had at least 12 drinks of any kind of 
alcoholic beverage?” The second question was asked as part 
of a validated Food Frequency (paper-based) Questionnaire 
(FFQ), which was answered independently by each 

participant and estimated to take approximately 45 min 
to complete (Patterson et al., 1999). The primary section 
of the FFQ is comprised of 122 foods or food groups and 
asked about the average frequency of intake in the previous 
3  months, with nine options ranging from never to over 
six daily for beverages. Specific alcoholic beverages item-
ized in the FFQ were beer, wine, and liquor. The FFQ also 
included a question about the participants’ usual serving 
size (small, medium, or large), referencing a medium-sized 
serving of beer as 12 ounces, wine as 6 ounces, and liquor 
as 1.5 ounces. The alcohol intake questions on the WHI 
FFQ were validated in a subsample of women using 4-day 
food records and interviewer-obtained 24-hr food recalls 
with a correlation of 0.86 (Patterson et al., 1999).

Based on the responses to the alcohol consumption 
questions, women were categorized into the following 
groups: (a) consumed alcohol on fewer than 12 occasions 
in their lives (lifelong abstainers), (b) drank in the past but 
reported no longer drinking (former drinkers), (c) con-
sumed less than 1 drink per week (infrequent drinkers), 
(d) consumed 1–7 drinks per week (moderate drinkers), (e) 
consumed 8–14 drinks per week (moderately heavy drink-
ers), and (f) consumed 15 or more drinks per week (heavy 
drinkers). These groupings are primarily focused on weekly 
number of drinks rather than drinks per day as was the 
case in most other epidemiological studies of mortality and 
alcohol consumption (di Castelnuovo et  al., 2006; Wang 
et al., 2014). This was done because the Centers for Disease 
Control and Prevention’s (CDC) guidelines indicate that up 
to seven drinks per week is the recommended safe limit 
for women (Centers for Disease Control, n.d.; http://www.
cdc.gov/alcohol/fact-sheets/alcohol-use.htm; Rehm, Gmel, 
Sempos, & Trevisan, 2003).

Model Covariates: Demographic and Health Behavior 
Variables
In keeping with the Biopsychosocial Model of Health 
and Aging (Seeman & Crimmins, 2001; see discussion in 
Editorial 1 by Reiber & LaCroix, forthcoming), we consid-
ered demographic characteristics and health-risk behaviors 
that have been found to vary between Veterans and non-
Veterans and that also affect mortality rates as potential 
confounders of the association between alcohol consump-
tion and mortality.

Demographic variables included age, race/ethnicity, 
marital status, living alone, family income, and highest 
educational level completed. Age was calculated using date 
of birth and date of baseline visit information. All other 
demographic variables were self-reported.

Tobacco use was measured in pack-years, calculated 
using self-reported years of smoking and the average num-
ber of cigarettes smoked per day. Height and weight were 
measured by study staff at the baseline health examination 
visit using a calibrated stadiometer and standard scale and 
without outdoor clothing. Body mass index (BMI) was 
calculated as weight in kilograms divided by the square 
of the height in meters. Obesity was characterized as a 
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BMI greater than or equal to 30.0 kg·m−2, as defined in 
the Surgeon General’s Report on Nutrition and Health 
(U.S. Department of Health and Human Services, 1988). 
Physical activity level was characterized as the total 
energy expended in metabolic equivalent hours per week 
calculated from self-reported frequency and duration of 
walking and mild to strenuous exercise (Ainsworth et al., 
1993).

All-Cause Mortality
All deaths that occurred from baseline through 2010 
were adjudicated through the following means: trained 
physicians using hospital or medical records, coronary 
or autopsy reports, death certificates, or National Death 
Index reports. After 2010, the deaths of some participants 
were confirmed through such adjudication practices as 
well as through direct notification from the decedent’s 
family, friends, or personal physician. The National Death 
Index (plus) was checked over the course of the study 
for all participants, including those lost to follow-up or 
those who did not consent to participate in the Extension 
Studies. The last National Death Index search was con-
ducted in 2013 and captured deaths through 2011, but 
information on deaths from other sources was available 
through 2014.

Statistical Analysis

The distributions of the demographic characteristics 
and health behaviors were compared by Veterans status. 
Frequencies were calculated for categorical variables, 
and we tested for differences in the distribution of these 
variables by Veteran status using Pearson chi-square tests. 
Means and SD were reported for continuous variables, and 
differences by Veteran status were assessed with t-tests. The 
age-adjusted predicted probabilities of being in an alcohol 
consumption group for Veterans and non-Veterans were 
derived from a multinomial logistic regression model, using 
the six-category alcohol consumption variable as the out-
come. Age-standardized mortality rates (per 1,000 persons) 
were calculated by alcohol consumption group for Veterans 
and non-Veterans, and differences between Veterans’ and 
non-Veterans’ mortality rates within each alcohol con-
sumption group were compared. The entire WHI sample 
in age decades was used as the standard population for 
age-standardized rates.

Cox proportional hazards models were fit to estimate the 
association between alcohol consumption group at base-
line and all-cause mortality. Alcohol consumption groups 
were coded as dummy variables to estimate associations 
relative to either lifelong abstainers or moderate drinkers 
(i.e., we fit two sets of models, one for each of the reference 
groups). We estimated mortality hazard ratios (HRs) and 
95% confidence intervals (CIs) that describe the relative 
change in mortality rates associated with being in a given 
alcohol consumption group relative to the reference group. 

In each of the two sets, we fit three successive models: (a) 
alcohol consumption groups only (yielding crude HRs), (b) 
alcohol consumption groups and baseline age (age-adjusted 
HRs), and (c) alcohol consumption groups, baseline age, 
and all other covariates defined above (fully adjusted HRs). 
Event times were characterized from time of enrollment to 
death or censored at last known follow-up. We checked 
model assumptions by examining the Martingale residuals 
and found no obvious violations (Therneau, Grambsch, & 
Fleming, 1990).

To evaluate whether the relationship between alco-
hol consumption group and all-cause mortality varied 
between Veterans and non-Veterans (i.e., whether Veteran 
status was a modifier of the alcohol–mortality associa-
tion), our models included product terms for Veteran sta-
tus and each of the alcohol group indicator variables, 
thus enabling us to evaluate effect measure modification 
(heterogeneity) of the HRs between alcohol consumption 
category and mortality by Veteran status based on Wald 
tests of whether the coefficients on the product terms 
were equal to 0. The HRs for mortality and each alcohol 
consumption group were estimated separately for women 
Veterans and non-Veterans via postestimation using the 
fitted model that included all product terms (regardless of 
whether tests for whether coefficients on the product terms 
were different from 0 were statistically significantly). All 
analyses were completed using SAS v9.3 software (SAS 
Institute Inc., Cary, NC).

Results

Descriptive Characteristics
Of the 145,521 WHI women who reported whether they 
were Veterans at baseline, 3,719 (2.6%) reported being 
Veterans. Demographic characteristics and health behav-
iors at baseline by Veterans status are shown in Table 1. 
Veteran women were an average of 3.8  years older at 
baseline compared to non-Veterans and were more likely 
to be White, not married, and a college graduate. Veteran 
women were also more likely to be a former or current 
smoker at baseline but had higher average levels of physi-
cal activity.

Alcohol Consumption Categories by 
Veteran Status

In descriptive (unadjusted) analyses, the proportions of 
women within each alcohol consumption category dif-
fered overall between Veterans and non-Veterans (Table 1). 
Women Veterans were less likely to report being a life-
long abstainer, but more likely to report being a former 
drinker or someone who consumes 1–14 drinks per week. 
Examination of the age-adjusted predicted probabilities 
showed that only women in the lifelong abstainer group 
differed significantly across Veteran status (Figure  1): 
for Veterans, the predicted probability was 7.1% (95% 
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CI: 6.2%–7.9%) compared to 12.5% (95% CI: 12.3%–
12.7%) for non-Veteran women (p < .01).

Mortality Rates by Veteran Status Within Alcohol 
Consumption Categories

The age-adjusted mortality rates for each alcohol con-
sumption group by Veteran status are shown in Table 2. 
Veterans and non-Veterans’ mortality rates differed signifi-
cantly only within the former drinker and the moderate 
alcohol consumption groups, with Veterans having higher 

mortality rates than non-Veterans within each of these cat-
egories (Table 2).

Modification of Veteran Status on the 
Relationship Between Alcohol Consumption and 
Mortality

Lifelong Abstainers as Referent
In the unadjusted model for alcohol consumption category 
and mortality, with lifelong abstainers as the referent, the 
coefficients on the product terms for Veteran status in the 

Table 1. Baseline Characteristics by Veteran Status

Characteristic Veteran, 
n = 3,719

Non-Veteran, 
n = 141,802

p value

Demographics
 Age, years, mean (SD) 67.1 (7.9) 63.3 (7.2) <.0001
 Race/ethnicity, n (%) <.0001
  White 3,239 (87.4) 116,617 (82.5)
  Black 263 (7.1) 12,874 (9.1)
  Other 204 (5.5) 11,938 (8.4)
 Marital status, n (%) <.0001
  Presently married or marriage like 1,807 (48.7) 88,189 (62.4)
  Divorced/separated 686 (18.5) 22,709 (16.1)
  Widowed 835 (22.5) 24,358 (17.2)
  Never married 381 (10.3) 6,063 (4.3)
 Family income, n (%) <.0001
  <$20,000 629 (17.9) 21,823 (16.5)
  $20,000–$49,999 1,728 (49.2) 58,778 (44.4)
  ≥$50,000 1,157 (32.9) 51,799 (39.1)
 Highest level of education, n (%) <.0001
  High school, GED, or less 443 (12.0) 31,708 (22.5)
  Some college 1,522 (41.1) 53,197 (37.8)
  College graduate or higher 1,740 (47.0) 55,975 (39.7)
Health behaviors
 Smoking status, n (%) <.0001
  Nonsmoker 1,631 (44.8) 71,573 (51.1)
  Past smoker 1,693 (46.5) 58,838 (42.0)
  Current smoker 317 (8.7) 9,552 (6.8)
 Pack-years, mean (SD) 13.4 (21.9) 9.9 (18.5) <.0001
 Body mass index, kg/m2, mean (SD) 27.9 (5.8) 27.9 (6.0) .39
 Body mass index categories .06
  Underweight 44 (1.2) 1,248 (0.9)
  Normal weight 1,247 (33.9) 48,639 (34.6)
  Overweight 1,321 (35.9) 48,524 (34.5)
  Obese 1,068 (29.0) 42,083 (30.0)
 Physical activity, MET-hours per week, mean (SD) 13.2 (14.1) 12.5 (13.7) .003
 Baseline alcohol use, n (%) <.0001
  Lifelong abstainer 250 (7.9) 15,521 (12.6)
  Former drinker 769 (24.2) 26,357 (21.3)
  Consumes <1 drink/week 712 (22.4) 28,900 (23.4)
  Consumes 1–7 drinks/week 1,116 (35.1) 40,758 (33.0)
  Consumes 8–14 drinks/week 202 (6.3) 6,777 (5.5)
  Consumes ≤15 drinks/week 135 (4.2) 5,171 (4.2)

Note: GED, General Equivalency Degree; MET, metabolic equivalent.
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infrequent and moderate drinker categories were statistically 
significant. These results indicate that there was less of an 
apparent protective effect of these alcohol consumption cat-
egories for Veterans than for non-Veterans relative to being 
a lifelong abstainer (Table 3). Modification by Veteran status 
was no longer statistically significant after adjustment for 
age and subsequent adjustment for all covariates.

Estimated HRs for Veterans and non-Veterans for each 
alcohol consumption category are displayed in Table 3. Based 
on the unadjusted mortality HRs for Veteran women, for-
mer drinkers had higher mortality rates than lifelong abstain-
ers (the HR was greater than 1 and statistically significant). 
However, this association was attenuated and no longer 
statistically significant after full adjustment. For Veteran 
women in all other alcohol consumption groups, relative 
to lifelong abstainers, no statistically significant crude or 
adjusted associations with mortality were observed. Based 

on the unadjusted mortality HRs for non-Veteran women, 
former drinkers had higher mortality rates than did lifelong 
abstainers, and the HRs were greater than 1 and statistically 
significant even after adjustment for age and other covariates. 
In contrast, the crude mortality HRs for non-Veteran women 
who were infrequent drinkers, moderate drinkers, and mod-
erately heavy drinkers indicated statistically significant lower 
mortality rates relative to lifelong abstainers (Table 3); the 
HRs were slightly attenuated but remained statistically sig-
nificant with age-only and full adjustments. Among non-Vet-
erans, heavy drinkers had lower mortality rates relative to 
lifelong abstainers after adjustment for covariates.

Moderate Drinkers as Referent
In the unadjusted model using moderate drinkers as the ref-
erent, the coefficients on the product terms for Veteran sta-
tus and the lifelong abstainer and former drinker categories 

Table 2. All-Cause Mortality Rates by Baseline Drinking Behavior and Veteran Status

No. of events Total person-years Age-adjusted ratea

Veterans
 Lifelong abstainer 77 3,581.7 14.4
 Former drinker 288 10,535.5 20.6b

 Consumes <1 drink/week 229 10,263.1 14.4
 Consumes 1–7 drinks/week 348 16,366.7 14.1b

 Consumes 8–14 drinks/week 64 2,939.7 13.4
 Consumes ≤15 drinks/week 54 1,911.0 20.4
Non-Veterans
 Lifelong abstainer 3,414 226,648.4 13.7
 Former drinker 6,636 381,457.7 17.1b

 Consumes <1 drink/week 5,385 440,039.0 12.6
 Consumes 1–7 drinks/week 7,051 629,326.3 11.6b

 Consumes 8–14 drinks/week 1,252 104,959.6 12.2
 Consumes ≤15 drinks/week 1,179 78,088.5 15.8

Notes: aStandard population is all WHI in age decades.
bAge-adjusted mortality rate difference between Veterans and non-Veterans; p = .01.
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Figure 1. Age-adjusted predicted probabilities of being in an alcohol consumption group by Veteran status. 
*p <.01 comparing Veterans to non-Veterans.
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on mortality were statistically significant. These results 
indicate that the apparent harmful effect associated with 
being in either of these categories relative to being in the 
moderate drinker category was attenuated for Veterans 
compared with non-Veterans (Table  4). Modification by 
Veteran status was no longer statistically significant in the 
age- and fully adjusted models.

The models that used moderate drinkers as the refer-
ence group are presented in Table 4. Among Veterans, for-
mer drinkers had higher mortality rates (i.e., a crude HR 
greater than 1) relative to moderate drinkers, and this HR 
remained statistically significant after adjusting for age and 
other covariates. Veteran women who were heavy drinkers 
had higher mortality rates in the crude and age-adjusted 
models, respectively, but the HR was not significant after 
full adjustment. Relative to women Veterans who were 
moderate drinkers, no differences in mortality rates were 
observed for lifelong abstainers, infrequent drinkers, and 
moderately heavy drinkers. For non-Veterans, women who 
were lifelong abstainers, former drinkers, infrequent drink-
ers, and heavy drinkers had significantly higher mortality 
rates than moderate drinkers in the crude, age-adjusted, 
and fully adjusted models.

Discussion
This study evaluated whether alcohol consumption lev-
els differed between women Veterans and non-Veterans, 
whether Veterans and non-Veterans within each alcohol 
consumption group differed in their rates of all-cause 
mortality, and whether Veteran status modified the asso-
ciation between alcohol consumption group and all-cause 

mortality. In the process of evaluating whether Veteran 
status modified the association between alcohol consump-
tion group and mortality, we were able to replicate findings 
regarding alcohol and mortality among women in the con-
text of this large WHI dataset of over 145,000 postmeno-
pausal women who were followed for up to 21 years.

Alcohol Consumption Groups by Veteran Status 
and Mortality Risk

With regard to membership in the various alcohol consump-
tion groups, we found that Veteran women were signifi-
cantly less likely than non-Veterans to be lifelong abstainers. 
Additionally, we found nearly identical age-adjusted prob-
abilities of women Veterans (4.3%) and non-Veterans 
(4.2%) who were heavy drinkers (15+ drinks/week). To 
our knowledge, this is the first study to compare rates of 
lifelong alcohol abstention and detailed current (baseline) 
alcohol consumption between women Veterans and non-
Veterans. Our finding that women Veterans and non-Veter-
ans had similar proportions of heavy drinkers is consistent 
with previous population-based studies that found no dif-
ferences in rates of binge (Grossbard et al., 2013; Lehavot 
et  al., 2012, 2014) or heavy drinking (Grossbard et  al., 
2013) between Veteran and non-Veteran women.

In age-adjusted analyses, mortality rates within each 
drinker group were higher for women Veterans than non-
Veterans in the former and moderate drinker groups. The 
reasons for these elevated mortality rates among Veterans 
are not clear, but it is plausible that there are risk factors 
for early mortality that are disproportionately distributed 
across both alcohol consumption groups and Veteran status. 

Table 3. Mortality HRs Associated With Baseline Alcohol Use by Veteran Status With Lifelong Abstainers as Referent

Crude  
HR (95% CI)

Age-adjusted  
HR (95% CI)

Fully adjusted  
HRa (95% CI)

Veterans
 Lifelong abstainer Ref. Ref. Ref.
 Former drinker 1.30 (1.01–1.67) 1.32 (1.03–1.70) 1.05 (0.81–1.38)
 Consumes <1 drink/week 1.04 (0.80–1.35)b 1.04 (0.80–1.34) 0.87 (0.66–1.15)
 Consumes 1–7 drinks/week 0.98 (0.77–1.26)b 0.91 (0.71–1.16) 0.84 (0.64–1.09)
 Consumes 8–14 drinks/week 1.00 (0.72–1.40) 0.90 (0.65–1.26) 0.71 (0.50–1.01)
 Consumes ≤15 drinks/week 1.32 (0.93–1.87) 1.30 (0.92–1.84) 0.95 (0.65–1.39)
Non-Veterans
 Lifelong abstainer Ref. Ref. Ref.
 Former drinker 1.15 (1.11–1.20) 1.28 (1.23–1.34) 1.06 (1.02–1.11)
 Consumes <1 drink/week 0.79 (0.76–0.82)b 0.92 (0.88–0.96) 0.84 (0.80–0.88)
 Consumes 1–7 drinks/week 0.72 (0.69–0.75)b 0.84 (0.81–0.88) 0.80 (0.76–0.83)
 Consumes 8–14 drinks/week 0.76 (0.71–0.81) 0.88 (0.82–0.93) 0.79 (0.74–0.85)
 Consumes ≤15 drinks/week 0.98 (0.91–1.04) 1.17 (1.09–1.25) 0.91 (0.85–0.98)

Notes: CI, confidence interval; HR, hazard ratio.
aAdjusted for age, race/ethnicity, marital status, income, education, WHI study arm, smoking status, pack-years of smoking, body mass index, and physical activity. 
Results for Veterans and Non-Veterans were obtained using postestimation prediction based on the fitted model with product terms for alcohol use category and 
Veteran status.
bp < .05 for product term of alcohol use category and Veteran status.
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For example, a careful examination of smoking behavior 
would be reasonable given the consistent finding in this and 
other studies that women Veterans are more likely to be 
smokers than women non-Veterans (Lehavot et al., 2012). 
Drinking and smoking commonly co-occur (Falk, Yi, & 
Hiller-Sturmhofel, 2006), and there is heavy mortality risk 
associated with smoking (Iversen, Hannaford, Lee, Elliott, 
& Fielding, 2010; Shaw & Agahi, 2012).

When lifelong abstainers were used as the referent 
group, Veteran status modified the relationship between 
alcohol consumption group and all-cause mortality rates 
only in the unadjusted model. In unadjusted analyses, the 
lower rates of mortality for infrequent and moderate drink-
ers relative to lifelong abstainers were only evident for non-
Veterans and were not observed for Veterans. However, 
these findings were attenuated in the age-adjusted and 
fully adjusted models. When moderate drinkers were used 
as the referent group, we similarly found that Veteran sta-
tus modified the relationship between alcohol consump-
tion group and all-cause mortality only in the unadjusted 
model, such that Veteran status was associated with lower 
risk of early mortality among lifelong abstainers or former 
drinkers relative to moderate drinkers. Again, these find-
ings were no longer significant in the age-adjusted and fully 
adjusted models. This general pattern, where some crude 
HRs differed by Veteran status but the adjusted HRs did 
not, indicates that the higher mortality rates seen among 
Veterans in the unadjusted models may be accounted for 
by one or more of these factors and not by Veteran status. 
These findings further suggest that identifying correlates 
of moderate drinking, such as smoking, that put Veteran 

women at elevated risk of mortality relative to their non-
Veteran peers is an important next step.

Our overall findings from the models with lifelong 
abstainers as the referent group are largely consistent with 
the extant literature. We found that infrequent drinkers, 
moderate drinkers, and moderately heavy drinkers had 
lower relative rates of mortality compared to lifelong 
abstainers (see Wang et al., 2014), while former drinkers 
had higher relative rates of mortality (Klatsky & Udaltsova, 
2007), even after accounting for age, other demographic 
characteristics, and key health-risk behaviors, such as pack 
years of smoking. Although these findings were only sig-
nificant for non-Veterans, the HRs for the two groups of 
women were similar (the wider CIs for the HRs among 
Veteran women reflect the smaller sample size of Veteran 
women in the WHI). We did not, however, find that women 
who were heavy drinkers were at elevated risk of mortal-
ity relative to lifelong abstainers, which is not consistent 
with most other research in this area (di Castelnuovo et al., 
2006; Klatsky & Udaltsova, 2007; Wang et  al., 2014) 
but is consistent with the other study using the WHI data 
(Freiberg et  al., 2009). This could be due, in part, to the 
WHI’s exclusion of women reporting excessive alcohol or 
drug use in the 5 years preceding the baseline assessment.

When moderate drinkers were used as the referent 
group, being a heavy drinker was associated with higher 
rates of all-cause mortality among the large sample of 
non-Veteran women in unadjusted, age-adjusted, and fully 
adjusted models. Additionally, consistent with the extant 
literature, we did not find strong evidence of a difference 
between moderately heavy drinkers and moderate drinkers 

Table 4. Mortality HRs Associated With Baseline Alcohol Use by Veteran Status With Moderate Drinkers (Consumes 1–7 Drinks 
per Week) as Referent

Crude HR  
(95% CI)

Age-adjusted  
HR (95% CI)

Fully adjusted  
HRa (95% CI)

Veterans
 Lifelong abstainer 1.02 (0.80–1.30)b 1.10 (0.86–1.41) 1.19 (0.92–1.55)
 Former drinker 1.32 (1.13–1.55)b 1.45 (1.24–1.70) 1.26 (1.07–1.48)
 Consumes <1 drink/week 1.06 (0.90–1.25) 1.14 (0.97–1.35) 1.04 (0.87–1.24)
 Consumes 1–7 drinks/week Ref. Ref. Ref.
 Consumes 8–14 drinks/week 1.02 (0.78–1.33) 0.99 (0.76–1.30) 0.85 (0.64–1.13)
 Consumes ≤15 drinks/week 1.34 (1.01–1.79) 1.43 (1.07–1.90) 1.14 (0.83–1.55)
Non-Veterans
 Lifelong abstainer 1.40 (1.34–1.45)b 1.19 (1.14–1.24) 1.26 (1.20–1.32)
 Former drinker 1.61 (1.56–1.66)b 1.52 (1.47–1.58) 1.34 (1.29–1.39)
 Consumes <1 drink/week 1.10 (1.06–1.14) 1.09 (1.05–1.13) 1.05 (1.01–1.09)
 Consumes 1–7 drinks/week Ref. Ref. Ref.
 Consumes 8–14 drinks/week 1.06 (1.00–1.13) 1.04 (0.98–1.10) 1.00 (0.93–1.06)
 Consumes ≤15 drinks/week 1.36 (1.28–1.45) 1.39 (1.31–1.48) 1.15 (1.08–1.23)

Notes: CI, confidence interval; HR, hazard ratio.
aAdjusted for age, race/ethnicity, marital status, income, education, WHI study arm, smoking status, pack-years of smoking, body mass index, and physical activity. 
Results for Veterans and Non-Veterans were obtained using postestimation prediction based on the fitted model with product terms for alcohol use category and 
Veteran status.
bp < .05 for product term of alcohol use category and Veteran status.
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with regard to all-cause mortality rates (Knott, Coombs, 
Stamatakis, & Biddulph, 2015; McCaul et  al., 2010). 
However, we did find that being a former drinker was asso-
ciated with significantly elevated risk of mortality relative 
to being a moderate drinker (di Castelnuovo et al., 2006).

Clinical Implications

Although the results from the fully adjusted models suggested 
that Veteran status does not modify the relationship between 
alcohol consumption categories and mortality risk, we did 
find that within the group of former drinkers and within 
the group of moderate drinkers, women Veterans were at 
increased risk of mortality compared with non-Veterans in 
age-adjusted analyses. As noted above, these findings suggest 
that it may not be the drinking itself that is increasing women 
Veterans’ risk but the presence of other risk behaviors, such 
as smoking, that frequently co-occur with drinking. While 
further research in this area is warranted, providers who treat 
women Veterans are encouraged to evaluate other potential 
known risk factors for early mortality, such as smoking sta-
tus, of those who are former and moderate drinkers, so that 
appropriate interventions may be provided to mitigate risk of 
early mortality among these women.

The finding that being a heavy drinker was associated 
with a higher rate of mortality relative to moderate drink-
ing suggests that heavier drinkers would likely benefit from 
advice to moderate their alcohol consumption. A  recent 
meta-analysis indicated that heavy drinkers who either 
abstain or reduce their drinking to moderate levels reduced 
their risk of mortality compared with heavy drinkers who 
did not reduce their alcohol consumption (Roerecke, Gual, 
& Rehm, 2013). Although heavier drinking women may 
remain at relatively higher risk of death than those with 
consistent moderate alcohol consumption, even after cut-
ting back or stopping drinking, information on the health 
risks of heavy drinking, including higher mortality rates, 
may be useful to build women’s motivation to change 
unhealthy drinking behavior.

Our finding that women who drank more than 7 drinks/
week (i.e., above the federal guidelines for safer alcohol 
consumption) but less than 15 drinks/week were at lower 
risk for all-cause mortality than lifelong abstainers and did 
not differ appreciably from moderate drinkers, also war-
rants comment. This finding is consistent with the broader 
literature on women, alcohol consumption, and all-cause 
mortality (Knott et  al., 2015; McCaul et  al., 2010), but 
it potentially poses a conundrum for women and their 
healthcare providers in terms of providing clear guidance 
about safe levels of drinking. Although all-cause mortality 
is clearly an important health outcome, it needs to be con-
sidered in the larger context of health and overall quality 
of life, with decisions about amounts of alcohol consump-
tion integrating these broader considerations. For example, 
prior research has demonstrated that women who con-
sumed seven or more drinks per week on average at base-
line were at elevated risk for later onset nonmelanoma skin 

cancer (Kubo et al., 2014) and some types of breast cancer 
(Allen et al., 2009; Li et al., 2010). Thus, women with risk 
factors associated with certain health conditions may want 
to be more conservative in their alcohol consumption and 
refrain from drinking at the higher end of the range associ-
ated with overall reduced risk of all-cause mortality (i.e., 
8–14 drinks/week).

Another group of particular interest is former drink-
ers—those who drank at some level in the past but were no 
longer drinking at the WHI baseline assessment. Our results 
showed that this group had a higher all-cause mortality rate 
relative to both lifelong abstainers and moderate drinkers. 
Unfortunately, the WHI data do not provide systematic infor-
mation about why women stopped drinking and we there-
fore do not know whether the decision was based on health 
or social concerns related to alcohol use or to some other, 
unrelated issue. Whatever may be driving this relationship, 
our results suggest that it would behoove former drinkers 
and their care providers to be especially vigilant in manag-
ing other risk factors (e.g., smoking, obesity, hypertension) 
to mitigate any increased risk for early mortality that may be 
associated with past drinking. In order to manage these issues 
successfully, population-based alcohol screening may be sup-
plemented by a further determination of whether nondrinkers 
are lifelong abstainers or former drinkers. This is especially 
relevant for women Veterans since a sizeable proportion of 
those reporting no past-year drinking are likely to be former 
drinkers rather than being lifelong abstainers in light of their 
significantly lower rates of lifelong abstention relative to non-
Veterans. Within VA, clinical alcohol screening can determine 
whether Veterans report no drinking in the past year, but cur-
rently there is no systematic effort to identify those at risk for 
early mortality based on former drinker status.

Study Strengths and Limitations

The current study has a number of strengths, including 
the availability of a large sample of Veteran and non-
Veteran women who have been followed longitudinally 
for 16–21 years. Detailed information about alcohol con-
sumption was collected at baseline that allowed us to cre-
ate groups that were meaningfully anchored to the federal 
guidelines regarding safe drinking levels for women and to 
the extant literature. The rich dataset also provided suffi-
cient detail to adjust for many key demographic and other 
health-risk behaviors that could confound the associations 
between drinking category and mortality and that have 
been included in prior evaluations of alcohol consumption 
levels and mortality.

The study also has several limitations. The WHI 
excluded women with heavy alcohol or drug use in the 
past 5 years due to concerns that they would be unable to 
comply with the study requirements. Thus, as noted above, 
this may have resulted in some underestimation of the risks 
associated with being a heavy drinker because the higher 
end of the consumption spectrum was curtailed. We also 
lacked diagnostic information regarding SUD and other 
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psychiatric diagnoses as well as mental health and sub-
stance abuse treatment history information. There were 
also a sizeable number of women (approximately 16,000) 
who did not provide information on their Veteran status. 
This subset of women is only likely to include about 400 
Veterans based on their representation among respondents, 
and therefore their exclusion from the analyses is unlikely 
to have much impact on our results. Additionally, despite 
the rich set of covariates included in our models, there may 
have been residual confounding by unmeasured factors. In 
the last few years of follow-up, a proportion of deaths were 
identified via direct reporting of family, friends, or personal 
physician. This direct reporting might have resulted in an 
underreporting of Veterans’ deaths since these women were 
less likely to be in a marriage-like relationship at baseline.

We also chose to focus solely on reports of drinking at 
baseline and did not incorporate later available drinking 
data or examine the relationship between drinking trajecto-
ries over time and mortality risk. This could have under- (or 
over-) estimated the risks associated with various alcohol 
consumption groups, particularly for former drinkers, as it 
is possible that women who were drinking at baseline later 
became former drinkers. Although future research on drink-
ing trajectories and mortality risk within the WHI would help 
address this issue, data from another longitudinal study of 
women over the age of 50 found that relatively few (approxi-
mately 11%) significantly increased or decreased their drink-
ing levels over a 10-year period (Bobo & Greek, 2011). We 
also did not differentiate between types of alcoholic bever-
ages consumed (i.e., beer, wine [red vs. other], spirits), which 
may have obscured protective or harmful effects associated 
with particular type of alcohol consumed (Di Minno et al., 
2011). Additionally, because the data were unavailable, we 
did not take into account the amount of drinking per occa-
sion. Weekly amounts can mask binge drinking, which has 
been found to be associated with higher mortality rates 
(Breslow & Graubard, 2008). Because of this limitation, we 
were unable to evaluate whether consuming one alcoholic 
beverage per day conferred any protective effects for mortal-
ity, as has been found by other investigators (O’Keefe, Bhatti, 
Bajwa, DiNicolantonio, & Lavie, 2014).

Conclusions
These study findings help begin to fill important gaps in 
the literature pertaining to Veteran women, alcohol con-
sumption, and mortality. We were able to explore these 
relationships in the context of a large, longitudinal sample 
that includes both Veterans and non-Veterans. This study 
also lends further credence to the robust literature indicat-
ing that alcohol consumption may be associated with both 
increased longevity and increased risk of early mortality, 
depending on the amount consumed per week and whether 
one is a lifelong abstainer or a former drinker. In addition, 
results indicated that women Veterans were less likely than 
non-Veterans to be lifelong abstainers and that women 

Veterans who were former drinkers and moderate drink-
ers had elevated mortality rates compared to non-Veteran 
women in the same drinking categories, indicating the need 
to examine potential factors contributing to this dispar-
ity. Finally, we did not find appreciable differences in the 
relationship between alcohol consumption and mortality 
by Veteran status in fully adjusted models. Thus, Veteran 
status does not appear to modify the relationship between 
alcohol consumption levels and mortality. These results 
suggest that healthcare providers may counsel Veteran and 
non-Veteran women in similar ways regarding safe and less 
safe levels of alcohol consumption. We further recommend 
that providers treating women who are former drinkers 
and moderately heavy drinkers be particularly thorough in 
their clinical assessments and healthcare delivery to opti-
mally safeguard these women’s health and longevity.
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