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Abstract

Background—The health of post-menopausal women Veterans is a neglected area of study. A 

stronger empirical evidence base is needed, and would inform the provision of health care for the 

nearly 1 million U.S. women Veterans currently 50 years of age or older. To this end, the present 

work compares salient health outcomes and risk of all-cause mortality among Veteran and non-

Veteran participants of the Women’s Health Initiative (WHI).

Methods—This study features prospective analysis of long-term health outcomes and mortality 

risk (average follow-up 8 years) among the 3,706 women Veterans and 141,009 non-Veterans who 

participated in the WHI Observational Study or Clinical Trials. Outcome measurements included 

confirmed incident cases of cardiovascular disease (CVD), cancer, diabetes, hip fractures, and all-

cause mortality.

Results—We identified 17,968 cases of CVD; 19,152 cases of cancer; 18,718 cases of diabetes; 

2,817 cases of hip fracture; and 13,747 deaths. In Cox regression models adjusted for age, 

sociodemographic, and health risk factors, Veteran status was associated with significantly 

increased risk of all-cause mortality (HR: 1.13; 95% CI: 1.03 – 1.23), but not with risk of CVD 

(HR: 1.00; CI 95%: 0.90 – 1.11); cancer (HR: 1.04; 95% CI: 0.95 – 1.14); hip fracture (HR: 1.16; 

95% CI: 0.94 – 1.43); or diabetes (HR: 1.00; 95% CI: 0.89 – 1.1).

Conclusions—Women Veterans’ post-menopausal health, particularly risk for all-cause 

mortality, warrants further consideration. In particular, efforts to identify and address modifiable 

risk factors associated with all-cause mortality are needed.
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INTRODUCTION

Over the past several decades, considerable empirical attention has been directed to the 

associations between military service, health, and mortality risk (Kang & Bullman, 1996; 

McLaughlin, Nielson & Waller, 2008), with a steadily increasing focus on women (Cypel & 

Kang, 2008; Dalager, Kang & Thomas, 1995; Kang, Cypel & Kilbourne, 2014; Thomas, 

Kang & Dalager, 1991; Vajdic, Stavrou, Ward, Falster & Pearson, 2014; Waller & McGuire, 

2011; Yi, 2013), whose representation in the armed forces has grown dramatically over this 

time period (U.S. Department of Veterans Affairs, 2011). Though this literature provides a 

strong foundation, it is limited in size and scope, with a predominant focus on women 

Veterans during their early or mid-life years (c.f., Dalager, Kang & Thomas, 1995). Given 

that there are nearly 1 million women Veterans who are 50 years of age or older, increased 

research attention to health and mortality risk in women Veterans’ post-menopausal years is 

warranted.

Prior population-based studies have consistently documented decreased risk of morbidity 

and all-cause mortality among Veterans, including women, relative to the general population 

(Cypel & Kang, 2008; Dalager, Kang & Thomas, 1995; Kang, Cypel & Kilbourne, 2014; 

Thomas, Kang & Dalager, 1991; Vajdic, Stavrou, Ward, Falster & Pearson, 2014; Waller & 

McGuire, 2011; Yi, 2013). This “healthy soldier effect,” typically documented in young to 

middle-aged Veterans, is commonly ascribed to the health and fitness standards associated 

with military selection, as well as the increased commitment to physical fitness among 

military populations, and the continuous access to health care that military and Veteran 

populations enjoy (c.f., Kang & Bullman, 1996; McLaughlin, Nielson & Waller 2008). A 

very limited literature examining health and mortality risk in older Veterans suggests that 

the “healthy soldier effect” attenuates with time (Liu, Engle, Kang, & Cowan, 2005; London 

& Wilmoth, 2010; Wilmoth, London & Parker, 2010). Some research, in fact, characterizes 

a health “cross-over” effect among older Veterans (i.e., age 70 or above), who, despite many 

years of good health, evidence greater mortality risk and accelerated health decline, relative 

to non-Veterans (Liu, Engle, Kang & Cowan, 2005; London & Wilmoth, 2010).

This health “cross-over” is thought to reflect the latent, cumulative, or synergistic effects of 

military health risks, high prevalence health risk behaviors (e.g., smoking), and the long 

term health consequences of military specific exposures (e.g., trauma from warzone 

deployment, military sexual trauma, combat) (London & Wilmoth, 2010). Moreover, it 

provides a useful framework with which to conceptualize the possibility of a more distal 

association between military service- -which typically concludes in early adulthood- -and 

health in older adulthood (London & Wilmoth, 2010). While this paradoxical effect would 

be expected to generalize to women, research evaluating the healthy soldier effect among 

older women Veteran populations is all but non-existent.

Given the substantial (and growing) population of women Veterans living in the U.S. today, 

research designed to characterize their post-menopausal health and mortality risks is 

warranted. The Clinical Trials and Observational Study of the Women’s Health Initiative 

(WHI) program (The Women’s Health Initiative Study Group, 1998) are well positioned to 

address this literature gap. To this end, ours is the first study to evaluate whether women 
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Veteran participants in WHI (n = 3,706) have the same risk for key post-menopausal health 

conditions: cardiovascular disease (CVD), cancer, diabetes, hip fracture, and all-cause 

mortality, as the non-Veteran participants (n = 141,009).

MATERIAL AND METHODS

Overview of the Women’s Health Initiative

The Women’s Health Initiative (WHI) includes a set of three National Institute of Health 

(NIH) sponsored clinical trials (CT) and an observational study (OS) designed to identify 

factors associated with the development of heart disease, cancer, and fracture in post-

menopausal women (within WHI menopause was defined as: no vaginal bleeding for 6 

months if 55+, 12 months for 50- to 54-year-olds, prior hysterectomy, or use of 

postmenopausal hormones) who were aged 50–79 at WHI baseline, between 1993 and 1998 

(The Women’s Health Initiative Study Group, 1998).

Participants were recruited from 1993–1998 by 40 clinical centers around the country, which 

helped to ensure racial/ethnic, geographic and sociodemographic diversity among the study 

participants. Original study endpoints for the OS and CT were in 2005. Extension Studies 

are currently collecting follow-up data through 2015. The present work includes follow-up 

data through 2011, facilitating evaluation of long-term health outcomes over more than 20 

consecutive years.

Institutional review boards at all participating clinical centers reviewed and approved study 

procedures. All participants provided written informed consent at baseline and again at 

enrollment in the Extension Studies. Detailed accounts of the WHI recruitment procedures, 

study design, and methodology have been previously published (Curb, et al, 2003; Hays, 

Hunt, & Hubbell, 2003; The Women’s Health Initiative Study Group, 1998).

WHI Data Collection and Adjudication Procedures

At baseline, participants completed self-report questionnaires designed to gather information 

related to WHI participants’ socio-demographic, medical, and lifestyle characteristics. They 

also underwent a brief clinical exam that included height, weight, and blood pressure 

measurements. WHI study follow-up involved completion of annual, mailed, follow-up 

questionnaires and regular physical examinations.

Health conditions identified through these methods were confirmed via local (physicians 

from the local/regional WHI Clinical Centers who review participants medical record and 

study related medical documents to assign a diagnosis) and central adjudication (i.e., 

physicians at the WHI Clinical Coordinating Center and the NIH review and confirm the 

diagnosis). To minimize the potential for bias, local and central physician adjudicators were 

restricted in their access to participants’ research record such that they were not exposed to 

any information that could result in unblinding (c.f., Curb et al., 2003).

Outcome Ascertainment

Morbidity-related outcomes, including incident cardiovascular disease, malignant cancer, 

diabetes and hip fracture were identified by patient self-report via annual study follow-up 
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questionnaires or detected during regularly scheduled medical examinations that were 

incorporated into the WHI follow-up procedures. All morbidity outcomes were centrally 

adjudicated, with the exception of diabetes, which was confirmed, centrally, whenever 

possible.

Incident cardiovascular disease (CVD) was identified by patient self-report in annual, 

mailed follow-up questionnaires, or during the regularly scheduled medical examinations 

that were incorporated into the WHI follow-up procedures. CVD outcomes included cases 

with medically adjudicated diagnoses of coronary heart disease, stroke, congestive heart 

failure, angina, peripheral vascular disease, and coronary revascularization.

Incident cancer was defined as incident cases of invasive or in situ cancers (except non-

melanoma skin cancers) which were confirmed by local and central physician adjudication 

of pathology reports, and then coded according to SEER standards of cancer classification, 

using the second edition of the International Classification of Diseases, Oncology (ICD-0–2) 

(Cunningham et al., 1992; Van Holten, Van Holten & Muir, 1990). All confirmed new 

incident cases were classified as cancer outcomes. This included “second primary” cancer 

diagnoses but not cancer recurrences or instances of premalignant disease.

Incident diabetes was defined by health care provider diagnosis of diabetes treated with anti-

diabetic medications (oral hypoglycemic agents or insulin) (Curb et al., 2003; deBoer et al., 

2008; Margolis, et al., 2008). Data were gathered by patient self-report, and confirmed, 

when possible, by local and central adjudication which included medical record review and 

laboratory data. Prior work confirms the accuracy of self-reported (treated) diabetes in WHI 

(Margolis et al., 2008).

Hip fractures included treated (inpatient or outpatient) events, fracture diagnoses were 

adjudicated (central review) and confirmed by examination of radiographic reports.

All-cause mortality—Deaths (all causes) were identified by a variety of sources including 

annual medical record review, obituary searches, as well as from information provided by 

WHI participants’ proxy informants, and confirmed via the National Death Index Plus 

(Bilgrad, 1997), the “gold standard” for ascertainment of mortality outcomes in 

epidemiologic studies (Cowper, Kubal, Maynard, & Hynes, 2002; Doody, Hays & Bilgrad, 

2001; Sohn, Arnold, Maynard, & Hynes, 2006). In addition, throughout the study 

observation period, routine efforts were made to match participants who were “lost to 

follow-up” to the National Death Index Plus, ensuring that data capture for all-cause 

mortality was as complete as possible.

Variables

Exposure: (Veteran status)—Participants who at baseline responded affirmatively to 

the question: “Have you ever served in the armed forces?” were classified as “Veterans,” all 

others as “non-Veterans.”

Covariates were variables, measured at WHI baseline, that were a priori thought to vary by 

Veteran status and/or confer risk for the outcomes of interest (Bass, French, Bradham, & 
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Rubenstein, 2007; Cummings et al, 1995; Hopper & Seeman, 1994; Mendis, 2010; U.S. 

Department of Health and Human Services, 1986; van Melle, et al, 2004, Zhang et al., 

2010). Demographic characteristics including age, race/ethnicity, education and cigarette 

smoking were assessed by self-report at study baseline. Body mass index and hypertension 

were clinically measured at baseline, and depressive symptomology was assessed by self-

report at study baseline using the 8-item Burnam scale (Burnam, Wells & Leake, 1988) 

derived from the Center for Epidemiologic Studies Depression Scale (CESD) (Radloff, 

1977). A noteworthy difference of the Burnam Scale, relative to other common screening 

measures for depression, is that the scoring algorithm dictates that individual items on the 

Burnam Scale are logistically weighted such that the algorithm yields a composite score 

with values that can range from 0 – 1, with a cutpoint of 0.06, (Burnam et al.,1988) used to 

signify presence of current depression.

In addition, several variables which conferred specific risk to post-menopausal bone health 

or fracture risk were utilized exclusively in models evaluating hip fracture outcomes. These 

included: self-reported baseline measures of physical activity, measured in metabolic 

minutes, parental hip fracture, personal history of fracture at ≥ 55 years, alcohol use (i.e., 

drinks per week), physical functioning (Rand SF-36 Physical Functioning Scale),(Bohannon 

& DePasquale, 2010), comorbid medical conditions, osteoporosis, current use of 

bisphosphonates, corticosteroids and psychoactive medications, which may impact bone 

health and/or contribute to fall risk), current or prior use of hormone replacement therapy, 

and calcium and vitamin D intake(Robbins et al., 2007; Williams, Weiss, Ure, Ballard, & 

Daling, 1982). Self-reported health (Ware & Sherbourne, 1992) and self-reported prior hip 

fracture were covariates used exclusively in mortality outcome models.

Other Descriptors—Baseline prevalence of self-reported CVD, cancer, diabetes, and hip 

fracture were included as descriptive variables and to subset cohort risk sets for analysis of 

respective incident events.

Statistical Analysis Plan

Descriptive statistics were used to characterize all participants with respect to demographic 

characteristics, baseline health risks and baseline prevalent CVD, diabetes, cancer and hip 

fracture. Formal tests of significance were not conducted for descriptive analyses. The large 

study population would be expected to produce many significant associations, potentially 

encouraging undue emphasis on statistically significant--rather than clinically meaningful-- 

differences.

Cox proportional hazards models estimated the association between Veteran status and 

incident CVD, cancer, diabetes, hip-fracture, and all-cause mortality in models that were 

sequentially adjusted for baseline age (continuous) (Model 1), and then additionally for 

socio-demographic factors (e.g., race/ethnicity, education), mental health (i.e., depression) 

and health-related (i.e., hypertension, BMI) confounders associated with all outcomes 

(Model 2).

Hip fracture models included all covariates in Model 2 and were then further adjusted for 

several additional variables with specific relevance to bone health or fracture risk (Model 3). 
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These included baseline: alcohol use, psychoactive medication, self-reported health, number 

of chronic conditions, physical functioning, bisphosphonate use, corticosteroid use, parental 

hip-fracture, other fracture after age 55, total baseline calcium and vitamin D intake, and 

hormone therapy use. Mortality models included all covariates in Model 2, and were then 

further adjusted for alcohol use, physical activity, self-reported health, baseline prevalent 

number of chronic conditions, and hip fracture (Model 4).

Kaplan-Meier estimates were used to graphically view the annualized incidence of each 

disease outcome by Veteran status. The proportionality assumption was examined 

graphically and through evaluation of interaction terms between Veteran status and time on 

health outcomes. The interaction of Veteran status and age on health outcomes was also 

examined. As neither of these interaction terms was significant, they were omitted from the 

final models. Exclusions to each outcome model (CVD, cancer, diabetes, hip fracture, all-

cause mortality) were made due to participants’ missing covariate values or baseline 

prevalent disease for each model’s specific outcome and participants were censored at either 

their last follow-up visit known to be without the outcome of interest, or death, whichever 

was first. Sensitivity analyses, applied to all models, utilized multiple imputations to address 

subject loss associated with missing covariate values.

All statistical tests were two-sided. Analyses were conducted in SAS version 9.3 for 

Windows (SAS Inc., Cary, NC) and STATA version 10 for Windows (STATA Inc., College 

Station, TX).

RESULTS

Participant Characteristics

Approximately 3% (n = 3,706) of the 144,715 participants were Veterans. Women Veterans 

were older than non-Veterans (mean age at WHI baseline = 67.1 vs. 63.2) (Table 1). 

Moreover the age distribution was quite different between groups, with nearly 50% of 

Veteran participants, vs. 22% of non-Veteran participants, being aged 70–79 at WHI 

baseline. Relative to non-Veterans, women Veteran participants were also more likely to be 

Caucasian (87.1% of Veterans vs. 82.4% of non-Veterans), to have completed college 

(46.8% of Veterans vs. 39.5% of non-Veterans), to smoke (or have smoked) cigarettes, and 

to have diagnosed hypertension, osteoporosis, and diminished physical functioning at 

baseline relative to their non-Veteran peers (Table 1).

Age stratified analyses revealed that among younger participants, aged 50–59 and 60–69 at 

WHI baseline, (reflecting participant ages between the years 1993–1998), women Veterans 

had lower baseline prevalence of CVD and cancer than non-Veterans. However, this 

difference reversed for participants aged 70+ (Table 2). Patterns of baseline prevalence for 

diabetes and hip fracture were similar, though less pronounced.

Main Outcomes

Table 3 presents number of events, person years, annualized incidence and results of Cox 

proportional models, sequentially adjusted for age, sociodemographic and health risk factors 

for each outcome of interest. In fully adjusted models (Model 2), Veteran status was not 

Weitlauf et al. Page 7

Womens Health Issues. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



associated with risk of CVD (HR: 1.0; 95% CI: 0.90 – 1.11), total cancer (HR: 1.04; 95% 

CI: 0.95 – 1.14), or diabetes (HR: 1.00; 95% CI: 0.89 – 1.12).

Age adjusted models (Model 1) suggested a slightly elevated risk of hip fracture among 

Veteran women relative to non-Veteran controls (Table 3), however, this association was 

not robust to further adjustment for sociodemographic and health risk factors (Model 2) 

(HR: 1.16; 95% CI: 0.94 – 1.43), or in models that accounted for confounders specific to 

bone health or fracture risk (Model 3) (HR: 1.16; 95% CI: 0.94 – 1.43) (Table 3).

Relative to non-Veteran controls, Veteran women had significantly increased risk of all-

cause mortality in age adjusted analyses (Model 1). Findings were robust in fully adjusted 

models that accounted for age, sociodemographic and health risk factors along with alcohol 

use, self-reported health, chronic health conditions and prior hip fracture (Model 4): (HR: 

1.13; 95% CI: 1.03 – 1.25).

Sensitivity Analyses

Loss of participants due to missing values on salient covariates was substantial, and 

particularly problematic in the hip fracture models which featured a large number of 

covariates (Figure 1 and Supplementary Figure 2 in Appendix B). To address this, we 

conducted sensitivity analyses using multiple imputations for missing values. For all 

outcomes, imputation-based results agreed almost entirely, in terms of significance and 

direction, with our main outcomes. Results of significant models (i.e., hip fracture, all-cause 

mortality) are presented in Table 3.

DISCUSSION

Among the 144,715 post-menopausal WHI participants included in our study, Veteran status 

conferred a consistent risk to all-cause mortality that was independent of age. Veteran status 

was not statistically associated with risk for morbidity outcomes, however, the low 

incidence of hip fracture and total cancer cases among study participants may have limited 

power to detect small, but important, differences. Moreover, the nature and direction of 

these outcomes suggest a need for further investigation of women Veterans’ post-

menopausal bone health and cancer risk. All findings were robust to adjustment for socio-

demographic and health risk factors and held in sensitivity analyses with more inclusive 

cohorts.

Some key results of the present study seem to contrast with much of the prior literature on 

the “healthy soldier effect” (Cypel & Kang, 2008; Dalager, Kang & Thomas, 1995; Kang, et 

al., 2014; MacFarlane et al., 2003; MacIntyre et al., 1978; McBride, Cox, Broughton & 

Tong, 2013; McLaughlin, Nielsen & Waller, 2008; Thomas, Kang & Dalager, 1991; Vajdic, 

Stavrou, Ward, Falster & Pearson, 2014; Waller & McGuire, 2011; Yi, 2013). Indeed, 

several prior studies suggest similar, but more commonly deficient, risk of cancer-related 

morbidity or mortality among women Veterans relative to the general public (Dalager, 

Kang, & Thomas, 1995; MacFarlane, Vajdic, Stavrou, Ward, Falster, & Pearson, 2014). 

Thomas et al. (1991) found lower than expected rates of all-cause mortality among 4,600 

women Veterans deployed to Vietnam relative to the general population (standardized 
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mortality ratios or SMR: 0.82; 95% CI: 0.69–0.97) over a 13-year observation period. 

Similarly, a 40-year follow-up study of approximately 12,000 women who served during 

Vietnam found decreased risk of all-cause mortality among deployed women who served in 

theater relative to the general population, reporting SMRs of 0.85 (95% CI: 0.80 – 0.91) 

(Kang et al., 2014).

Unique aspects of the WHI study methodology and population may offer some important 

clues regarding the discrepancy of our findings from those of the broader literature. First, we 

compared mortality risk in Veteran and non-Veteran women who were health-eligible for 

inclusion in the clinical trials and/or observational studies of WHI. This likely attenuated the 

healthy soldier bias (Bross & Bross, 1987) that may be present in studies that benchmark 

health risks in Veterans- -who are selected into military service in part based upon their 

good health- -against the general population for whom no such selection bias is present.

Second, 50% of women Veteran participants, relative to about 22% of non-Veteran 

participants, were aged 70+ at study enrollment. Outcome models were age adjusted; 

nevertheless, the asymmetric age distribution of the study population may suggest that 

results disproportionately reflect mortality risk among the large group of older women 

Veterans in WHI. In this light, findings may be consistent with prior literature which implies 

that the healthy soldier effect may attenuate with time. Indeed, per the healthy soldier effect, 

heightened mortality risk would be expected among older women Veterans relative to their 

non-Veteran peers - - who should have experienced a period of heightened risk an earlier 

age. Underscoring this point, several prior studies characterize a Veteran/non-Veteran health 

crossover in older adulthood (> age 70) (Wilmoth, London, & Parker, 2010; London & 

Wilmoth, 2010). Our study was not specifically designed to compare health trajectories 

throughout the post-menopausal period, and we cannot confirm the presence or absence of 

such an effect with our present analyses. However, we note that the pattern of baseline 

disease prevalence (Table 2) may prefigure the true presence of a cross over effect, offering 

some important context in which to interpret the observed pattern of mortality risk in 

Veterans. Further confirmatory research, including population based studies designed to 

prospectively examine the possibility of such a Veteran/non-Veteran health cross-over, 

would deepen our understanding of women Veterans post-menopausal health trajectories.

In addition, given that the largest subgroup of Veteran participants, those aged 70–79 at 

baseline, are age consistent with military service during WWII (Washington, Bean-

Mayberry, Hamilton, Cordasco, & Yano, 2013)- -a time when women’s military 

occupational roles and associated occupational health exposures were quite distinct from 

those of subsequent generations of military women (Treadwell, 1954)- - it may be important 

to consider that military service era, independently or synergistically with the effects of age, 

may also contribute to variability in health and mortality risk.

Further, salient differences in health risk and health risk behaviors may have contributed to 

women Veterans’ heightened risk of all-cause mortality. For example, though models 

adjusted for cigarette smoking, this may not have fully attenuated the effects of Veteran 

women’s greater prevalence and longer duration (pack years) of smoking. Finally, though 

WHI offers no contextual information about women’s prior military service, given the age 
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and likely period of military service for WHI participants, it is reasonable to assume that 

many Veteran women were exposed to military specific occupational hazards (i.e., 

deployment overseas, warzone exposure, military sexual trauma) which would also be 

expected to contribute to heightened mortality risk.

Limitations include our study’s observational design which precludes causal inferences 

about the association of military service and women’s long- term health. Participants do not 

represent a population-based sample, which may limit the generalizability of our findings. 

However, study participants were recruited nationally and reflect the considerable racial, 

ethnic, geographic and socioeconomic diversity of the general U.S. population. In addition, 

generalizability may be limited because nearly half of the women Veteran participants in 

WHI are age consistent with military service during WWII, and the military occupational 

roles and health related exposures of these women may be quite different from those of 

women from subsequent military generations. Further, Veteran status was determined by 

participants’ self-report, but not confirmed with review of military records. However, we 

note that WHI’s method of assessing Veteran status by self-report is consistent with 

strategies used in several other large scale observational studies (e.g., Hoerster et al., 2012; 

Koepsell, Reiber, & Simmons, 2002). As WHI offers no contextual information about 

participants’ military service, we are unable to evaluate how factors such as military 

generation (era served), length of service, occupation or role within the military, warzone 

deployment, exposure to military sexual trauma or other military occupational health risks 

might impact variability in Veteran participants’ health or mortality risk. Finally, data on 

lifetime prevalence of mental health conditions are not available within WHI and mental 

health outcomes were not a focus of the WHI clinical trials or observational study. Though 

variability in Veterans’ and non-Veterans’ prevalence and severity of mental health 

problems (e.g., traumatic stress disorders) would be expected, and may contribute to 

differential morbidity and mortality risk, we are unable to account for these factors within 

the present study. Despite these limitations, our study has many strengths, which include the 

use of a large, racially, ethnically and geographically diverse group of post-menopausal 

women, a strong rate of participant retention, the inclusion of variables on many known 

health confounders and prospective attainment of adjudicated health outcomes, in which 

women Veterans and non-Veterans were identically followed, over a multi-decade 

observational follow-up period.

Implications for Practice and/or Policy

Our findings offer several important implications pertinent to clinical health care practice 

and policy for women Veterans. First, this study highlights heightened post-menopausal risk 

of all-cause mortality among women Veterans, relative to their non-Veteran peers, 

illuminating the potential salience of prior military service as a factor in determining 

women’s life-long health. As such, this work may help to increase awareness of the unique 

health care needs of older, post-menopausal women Veterans among the health care 

providers who care for this population of women.

Second, these findings underscore the importance of efforts to identify and address 

modifiable health and mortality risk factors among women Veterans. Our descriptive 
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findings (Table 2) related to older (age 70+) women Veteran’s heightened baseline 

prevalence of cancer and CVD may offer an important clue in this regard. Moreover, the 

nature and direction of our cancer outcome models (Table 3) may suggest that further study 

of women Veterans’ post-menopausal risk for cancer would be valuable and informative. 

Epidemiologic research on the incidence and prevalence of specific types of cancer among 

women Veterans is quite scant. However, the recent HealthViews study (Kang et al., 2014) 

suggests a heightened prevalence of brain and pancreatic cancers among women who served 

as military nurses in the Vietnam theater, and Zhu and colleagues (2009) found significantly 

heightened risk for breast cancer among contemporary military and Veteran populations. 

These may represent logical and important ‘next steps’ of inquiry related to women 

Veterans’ cancer risk.

Third, women Veterans’ 9% baseline prevalence of osteoporosis (Table 1), coupled with the 

nature and direction of the hip fracture outcomes, suggest that increased attention to matters 

of bone health among post-menopausal women Veterans may be important. Specifically, 

these findings underscore the importance of screening for osteoporosis, evaluating fall risk, 

and identifying (and intervening with) other factors that may contribute to fracture risk 

among post-menopausal women Veterans. Finally, given the heightened baseline prevalence 

of both smoking and hypertension- -factors which may impact bone health and fracture risk- 

- further investigation of these factors as potential mediators of Veteran women’s risk for 

hip fractures is also warranted.

Conclusions

This study is among the first large scale efforts to investigate health and mortality risks 

among post-menopausal women Veterans. While our study population may represent a 

select group of women Veterans whose post-menopausal health trajectories may not be fully 

generalizable, this work provides a much needed empirical foundation for the study of post-

menopausal health and mortality risk in women Veterans. It is our hope that this work will 

encourage further research efforts that will further deepen our understanding of this unique 

population of women.
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Appendix B: Participant Denominators for Outcome Models (Analytic 

Cohort)
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Figure 1. Cohort Composition
*Note that clinical trial participants could enroll in more than one of the three trials; 

therefore, the size of the total clinical trial study population is smaller than the sum of the 

specific study population for each of the constituent trials.
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Table 2

Self-Reported Baseline Prevalence of Disease by Veteran Status and Age Decade

Variable Veteran
N = 3,706

Non-Veteran
N = 141,009

CVD N % N %

 All 798 21.9 24,679 17.7

 50–59 106 2.9 5,665 4.1

 60–69 226 6.2 11,506 8.3

 70+ 466 12.8 7,508 5.4

Cancer N % N %

 All 476 13.0 13,437 9.6

 50–59 64 1.7 3,491 2.5

 60–69 122 3.3 6,049 4.3

 70+ 290 7.9 3,897 2.8

Diabetes N % N %

 All 215 5.8 8,409 6.0

 50–59 24 0.7 2,114 1.5

 60–69 80 2.2 4,148 2.9

 70+ 111 3.0 2,147 1.5

Hip Fracture

 All 29 0.8 751 0.5

 50–59 0 -- 19 0.0

 60–69 2 0.1 308 0.2

 70+ 27 0.7 424 0.3
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