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Abstract
Purpose of the Study: A comparison of longitudinal global cognitive functioning in women Veteran and non-Veteran par-
ticipants in the Women’s Health Initiative (WHI).
Design and Methods: We studied 7,330 women aged 65–79 at baseline who participated in the WHI Hormone Therapy 
Trial and its ancillary Memory Study (WHIMS). Global cognitive functioning (Modified Mini-Mental State Examination 
[3MSE]) in Veterans (n = 279) and non-Veterans (n = 7,051) was compared at baseline and annually for 8 years using 
generalized linear modeling methods.
Results: Compared with non-Veterans, Veteran women were older, more likely to be Caucasian, unmarried, and had higher 
rates of educational and occupational attainment. Results of unadjusted baseline analyses suggest 3MSE scores were similar 
between groups. Longitudinal analyses, adjusted for age, education, ethnicity, and WHI trial assignment revealed differ-
ences in the rate of cognitive decline between groups over time, such that scores decreased more in Veterans relative to 
non-Veterans. This relative difference was more pronounced among Veterans who were older, had higher educational/
occupational attainment and greater baseline prevalence of cardiovascular risk factors (e.g., smoking) and cardiovascular 
disease (e.g., angina, stroke).
Implications: Veteran status was associated with higher prevalence of protective factors that may have helped initially 
preserve cognitive functioning. However, findings ultimately revealed more pronounced cognitive decline among Veteran 
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relative to non-Veteran participants, likely suggesting the presence of risks that may impact neuropathology and the effects 
of which were initially masked by Veterans’ greater cognitive reserve.

Key Words:  Women, Veterans, Cognition, Cognitive decline, Risk factors

The nearly 400,000 women veterans currently aged 65 and 
older living in the United States today represent the old-
est living cohort of women Veterans, and includes those 
who served in World War II (WWII), the Korean War, 
and the conflict in Vietnam (U.S. Department of Veterans 
Affairs, 2014; Weitlauf et al., 2015). This cohort of women 
Veterans has received limited empirical attention, particu-
larly with respect to health and cognition in later life. As 
such, research that evaluates risk for cognitive decline is 
critically needed. Given the complex array of military-
related health resilience and risk factors evident in Veterans 
(Figure 1; Frayne et al., 2006), important differences in the 
cognitive trajectories of women Veterans compared with 
non-Veterans might be expected. Research that illuminates 
these potential distinctions related to cognitive functioning 
could help with the development of effective early identifi-
cation and intervention efforts and may guide health care 
policy and practices pertinent to the care of older women 
Veterans.

Military Selection and Pathways to Resilience: 
Cognitive Reserve

Military selection, particularly for women who would now 
be aged 65 or older, was predicated on robust good health, 
educational achievement, and other markers of psychoso-
cial adjustment. Specifically, women Veterans who served 
during WWII and the Korean War were more likely to be 
Caucasian and have higher educational attainment than 
non-Veteran women of the same age (Frayne et al., 2006; 
Weitlauf et al., 2015). In addition, military service is associ-
ated with protective factors such as highly stimulating work 
environment, physical and mental activity, and social com-
radery (Schooler, Mulatu, & Oates, 1999; Yaffe, Hoang, 
Byers, Barnes, & Friedl, 2014). One theoretical framework 
that could explain how military selection and service might 
impact cognitive functioning is Stern’s theory of cognitive 
reserve (Stern, 2009). Specifically, cognitive reserve postu-
lates that individual differences in experiences, such as high 
educational and occupational attainment, increase func-
tional brain “reserve.” This cognitive reserve can manifest 
as better performance on cognitive measures compared 
with individuals of low reserve, but more importantly cog-
nitive reserve provides a buffer against the effects of neuro-
pathology and subsequent cognitive decline (Potter, Helms, 
& Plassman, 2008; Stern, 2009; Yaffe, Hoang, Byers, 
Barnes, & Friedl, 2014; Yaffe, Weston, Graff-Radford, & 
Satterfield, 2011) by allowing the brain to functionally 
compensate for degrading brain health (see horizontal 
flow chart of conceptual framework for resilience factors 

in women Veterans in Figure 1). Within this context, it is 
critical to note that while cognitive reserve buffers against 
cognitive decline, it may also delay the detection of advanc-
ing neuropathology. For example, among individuals with 
comparable levels of neuropathology, an individual with 
high cognitive reserve would perform within normal limits 
on cognitive measures for longer than an individual with 
low reserve, who would show impairments more quickly. 
This may be problematic, as delayed detection of neuro-
pathology or disease could prevent opportunities for early 
identification and intervention.

Military Service and Cardiovascular Disease 
Risk

Military service has been associated with greater preva-
lence of cardiovascular disease (CVD) risk factors includ-
ing smoking, diabetes, and hypertension that may increase 
risk for CVD morbidity and subsequent neuropathol-
ogy, although different age cohorts may also impact risk. 
Specifically, recent studies estimate that 25% of male and 
female Veterans have diabetes as opposed to 8%–10% of 
the U.S.  population, 37% have hypertension compared 
with 30% in the U.S. population, and 25–36% have hyper-
lipidemia compared with 26% in the general population 
(Fryar, Hirsch, Eberhardt, Yoon, & Wright, 2010; Johnson, 
Pietz, Battleman, & Beyth, 2004; Richlie, Winters, & 
Prochazka, 1991; U.S. Department of Veterans Affairs, 
2014). Moreover, recent estimates suggest that 20% of 
Veteran women smoke (Hoerster et  al., 2012) compared 
with 15% of non-Veteran women (U.S. Department of 
Veterans Affairs, 2014), further contributing to their risk of 
CVD and cognitive decline associated with poor cardiovas-
cular health (Anstey, Sanden, Salim, & O’Kearney, 2007).

Modifiable CVD risk factors, such as smoking, diabetes, 
and hypertension, together with CVD burden (e.g., CVD, 
peripheral arterial disease, coronary revascularization, and 
angina) represent critical risk factors for neuropathology 
and cognitive decline in older women (see vertical pathway 
of risk factors to cognitive decline for women Veterans in 
Figure 1) (American Heart Association, 1999; Battistin & 
Cagnin, 2010; Haring et al., 2013; Peltz, Corrada, Berlau, 
& Kawas, 2012; Stewart, 1999; Yaffe et al., 2004). In addi-
tion, discrete cardiovascular events like stroke (Cengic, 
Vuletic, Karlic, Dikanovic, & Demarin, 2011; Mulder, van 
Limbeek, Donders, Schoonderwaldt, & Hochstenbach, 
1998) have been shown to accelerate cognitive aging 
in older adults, above and beyond the discrete cognitive 
consequences of stroke. Women have lower rates of CVD 
than men during perimenopause, but are equivalent to men 
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following the menopausal transition, signaling a marked 
increase in the risk for hypertension, CVD, and mortality 
(Gorodeski, 2002; Horiuchi, 1997; Hsia et al., 2007).

Given the complex array of military-related resilience 
and risk factors evident in women Veterans, it is alarm-
ing to see the substantial gap in research examining late 
life cognition in this population. To address this gap, the 
present study examined the association between Veteran 
status and cognitive decline at baseline assessment and lon-
gitudinally in participants of the Women’s Health Initiative 
(WHI) Memory Study (WHIMS). WHIMS carried out 
annual assessments of cognitive functioning to examine 
the effect of hormone therapy (HT) on cognitive decline 
in postmenopausal women, including Veterans, aged 65 
or older (Espeland, Rapp, & Shumaker, 2004; Shumaker 
et al., 2003; Shumaker, Reboussin, & Espeland, 1998). This 
provides an unprecedented opportunity to examine the 
complex relationships between resilience and risk factors 
and cognitive decline by Veterans status. We hypothesize 
that Veteran status will be associated with greater levels of 
cognitive reserve due primarily to protective factors that, 
despite greater underlying neuropathology, initially pre-
serve cognitive function but eventually give way to greater 
cognitive decline.

Design and Methods
WHIMS participants were recruited from the WHI HT tri-
als. These women were randomly assigned with equal prob-
ability to HT 0.625 mg·day−1 of conjugated equine estrogens 

(CEE-Alone) if prior hysterectomy or CEE in combination 
with 2.5 mg·day−1 of medroxyprogesterone acetate (CEE + 
MPA) if no prior hysterectomy or matching placebos. The 
goal of WHIMS was to test the effect of these hormonal 
preparations on the incidence of probable dementia and 
other cognitive outcomes and women 65–80 were enrolled 
in WHIMS 1 year after HT trial began. The study design, 
eligibility criteria, and recruitment procedures of the WHI 
and WHIMS have been reported previously (Prentice et al., 
1998; Shumaker et al., 1998; WHI Group, 1998). Exclusion 
criteria were used to select women who were appropriate 
candidates for postmenopausal HT and long-term follow-
up and free of dementia. The National Institutes of Health 
and Institutional Review Boards for all participating institu-
tions approved protocols and consent forms. Informed writ-
ten consent was obtained from all participants.

The WHI CEE + MPA trial was terminated earlier than 
planned in July 2002, because of increased breast cancer 
risk associated with HT compared with placebo and an 
unfavorable risk-to-benefit ratio for other specific noncog-
nitive outcomes (Rossouw, Anderson, Prentice, & LaCroix, 
2002). In 2004, the WHI CEE-Alone trial was also termi-
nated early due to increased stroke incidence in the HT 
group and the absence of reduced coronary heart disease 
risk, the primary outcome of the HT trials (Anderson, 
2004). At the conclusion of each trial, assigned study pills 
were stopped and participants were informed of study find-
ings and advised to consult with their providers regard-
ing continuation of use; however, annual follow-up was 
continued.

Figure 1. Conceptual framework adapted from biopsychosocial model of healthy aging (Seeman & Crimmins, 2001).
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Global Cognitive Functioning 

The cognitive trajectories were examined using baseline 
and annual assessments in WHIMS participants during 
clinic visits through 2007 using the Modified Mini-Mental 
State Exam (3MSE), with possible scores ranging from 0 
to 100 (a higher score reflecting better cognitive function-
ing) (Espeland et al., 2004; Teng & Chui, 1987). Test items 
include measuring temporal and spatial orientation, imme-
diate and delayed recall, executive function, naming, verbal 
fluency, abstract reasoning, praxis, writing, and visuo-
constructional abilities. Trained and certified technicians 
administered the 3MSE.

Veteran Status 

Veteran status was established by participants’ response to 
a single question at WHI baseline: “Have you ever served 
in the Armed Forces for more than 180 days?” Participants 
who answered affirmatively were classified as “Veterans,” 
all others as non-Veterans.

Covariates

The WHI collected baseline demographic, lifestyle, and 
clinical data via self-report and standardized assessments 
(Shumaker et  al., 1998). Items included age, education, 
race/ethnicity, current CVD risk factors including current 
hypertension, diabetes, body mass index (BMI), and smok-
ing and CVD burden (e.g., current or prior diagnosis of 
CVD, angina, peripheral artery disease, coronary revas-
cularization, stroke). HT trial treatment assignment was 
another covariate, as participants in WHIMS were recruited 
from the WHI HT treatment trials. Demographic, lifestyle 
risk factors, comorbidities, and cardiovascular and cancer 
outcomes were updated throughout the 8-year follow-up 
period.

Statistical Approach

Differences between Veteran and non-Veteran women 
with respect to risk factors for cognitive decline (i.e., soci-
odemographic, CVD risk factors, and CVD morbidity) 
were assessed using chi-squared and t tests. Participants’ 
sequences of 3MSE scores were analyzed using longitudi-
nal mixed effects modeling with adjustment for the intras-
ubject correlations for the repeated measures to estimate 
mean differences in 3MSE scores over time. To estimate 
relative differences in how 3MSE scores changed over time, 
we used an expanded model that included class terms for 
exams and also a fixed effect term for continuous time to 
compare the slopes of Veterans with non-Veterans after 
adjustment for these class terms. Specifically, the random 
intercept regression equation we fitted was as follows:

 Y b Xij i i i ij i ij= + +β χ δ φ γ εE V T V Tj ij+ + + + ,

where Yij is the cognitive function score for participant 
i at time j, bi is the random effect associated with par-
ticipant i (i.e., the intercept), β is a vector of parameters 
for the fixed covariates in matrix Xi, χj is the parameter 
for the fixed class effects marking exam Ej (these capture 
systematic differences over time, such as learning effects), 
parameter δ and marker Vi relate to the fixed effect for 
veteran status, ϕ is the parameter (fixed effect) for the 
(continuous) time from randomization marked by Tij 
(this represents slopes over time in cognitive function), 
γ is the parameter related to the interaction between vet-
eran status and slopes marked by Vi Tij, and εij repre-
sents random error. This is a general linear model with 
covariate adjustment to assess mean differences in the 
slope of 3MSE scores over time between Veterans and 
non-Veteran women (Fitzmaurice, Laird, & Ware, 2004; 
Littell, Milliken, Stroup, & Wolfinger, 1996). We utilized 
all women from WHIMS that had valid Veteran status 
as well as 3MSE data available to maximize power and 
efficiency; this provides greater statistical efficiency than 
using matching (Kupper, Karon, Kleinbaum, Morgenstern, 
& Lewis, 1981). The maximum likelihood approach we 
used to fit models provides a measure of robustness to any 
effects of differential patterns of follow-up between the 
longitudinal strings of 3MSE scores between Veteran and 
non-Veteran women, beyond what would be afforded by 
least squares or generalized estimating equations (GEE) 
approaches.

Age, education, race/ethnicity, and HT treatment assign-
ment were included as fixed covariates in all models. 
Varying levels of additional covariate adjustment were used 
to assess the impact of differences in risk factors between 
groups. Tests of interaction were used to describe the con-
sistency of findings with respect to subgroups based on age, 
education, occupation, smoking, hypertension, diabetes, 
and CVD. Multiple imputation was used to assess the sen-
sitivity of findings with respect to missing values for cogni-
tive risk factors (Yuan, 2011).

Exploratory Analyses

We hypothesized that Veteran women may have greater 
underlying CVD risk factors as well as burdens of CVD; 
however, the effects of this greater burden on cognitive 
decline may have been buffered by their cognitive reserve 
or the buffer provided by education and occupational 
attainment. To test this, we further adjusted models with 
the following associated risk factors of CVD: current 
hypertension, diabetes, and smoking; and the following 
conditions of CVD: CVD, angina, peripheral artery dis-
ease, coronary revascularization, and stroke. Next, we 
grouped women according to whether they had 0, 1, or ≥2 
of the conditions related to CVD risk factors and CVD at 
baseline and examined whether the relative trajectory of 
cognitive aging was steeper among Veterans with more of 
these conditions.
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Results

Sample Characteristics

WHIMS included 279 (3.8%) women who reported a his-
tory of military service and 7,051 (96.2%) women who 
reported no history. Veterans were followed an average 
(standard deviation) of 7.0 (3.1) years compared with 7.4 
(2.8) among non-Veterans (p = .01). Including baseline visits, 
cognitive function was assessed an average of 7.7 (3.1) ver-
sus 8.1 (2.8) times (p = .02). Seventy-nine percent of Veterans 
provided at least 5 years of follow-up compared with 84% 
for non-Veterans. From WHIMS enrollment (beginning in 
1996) through 2007, there were 62 (22.2%) deaths among 
the Veteran and 1,071 (15.2%) among the non-Veteran 
women (p =  .001). Inclusion of these differences in subse-
quent models is described in the Statistical Approach section.

Table 1 compares the Veterans and non-Veterans at the 
time of enrollment into WHIMS with respect to a number of 
potential risk factors for cognitive decline. Compared with 
non-Veterans, Veterans tended to be older, were more likely 
to be non-Hispanic Caucasian, more highly educated, unmar-
ried, and to have had professional or managerial occupations 
(p < .05). They were also more likely to have had angina or 
strokes and to be former smokers. Women Veterans and non-
Veterans were similar with respect to other CVD risk factors 
(i.e., current alcohol consumption, diabetes, BMI, or WHI 
treatment assignment) and conditions of CVD (i.e., rates of 
CVD, peripheral arterial disease, coronary revascularization).

Baseline Global Cognitive Functioning

Table 2 compares the mean 3MSE scores of Veterans and 
non-Veterans at WHIMS enrollment with limited and 
more broad-based covariate adjustment (unadjusted means 
appear in Table  1). There was little difference in mean 
3MSE scores between groups at baseline, regardless of the 
level of covariate adjustment.

Cognitive Trajectories

Figure  2 portrays mean 3MSE scores from the mixed 
effects models without the statistical terms used to remove 
curvature. Relative deficits in 3MSE scores among Veterans 
began to emerge 5–6  years into follow-up, so that by 
year 8, Veteran women’s 3MSE scores averaged approxi-
mately 1 point lower compared with non-Veteran women. 
Specifically, Figure  2 depicts mixed effects model mean 
with adjustment for age, education, race/ethnicity, and HT 
trial treatment assessment, which are generated from 3MSE 
by HT interaction. The maximum likelihood approach we 
used to fit models provided a measure of robustness to any 
effects of differential patterns of follow-up between groups. 
With covariate adjustment for age, education, race/ethnic-
ity, and HT trial treatment assignment, the average differ-
ences over time remained significant (p = .002).

We used year from WHIMS enrollment as a class variable 
to account for the systematic curvature (related to learning 

effects) across all women and fit a model in which differ-
ences between Veterans and non-Veterans expanded linearly 
with time. This approach allowed us to compare the slopes 
in 3MSE scores over time after statistically removing the cur-
vature seen in Figure 2. From this model, the difference (SE) 
between slopes over time for Veterans and non-Veterans was 
0.16 (0.05) units per year (p = .002). Table 3 presents the con-
sistency of this difference among subgroups of women based 
on age, education, and occupation, using tests of interaction. 
The relative greater rates of decline in 3MSE scores seen 
among Veterans were more pronounced among older women 
(p  =  .008), those with college educations (p  =  .001), and 
those with professional/managerial occupations (p  =  .03). 
Removing women with a history of stroke from the models 
did not appreciably change our findings.

Exploratory Analyses 

At baseline, the average (SD) number of the following condi-
tions and risk factors known to be associated with greater 
CVD was 0.61 (0.72) among Veteran women compared with 
0.51 (0.67) among non-Veterans (p = .01): history of CVD, 
angina, peripheral artery disease, coronary revascularization, 
stroke, hypertension, diabetes, and smoking. Among Veteran 
women, 42.3% had no conditions, 33.3% had one condition, 
and 24.4% had two or more conditions; among non-Veteran 
women, these rates were 46.5%, 33.9%, and 19.6%, respec-
tively. With covariate adjustment for these conditions and 
age, the baseline 3MSE scores of Veteran women averaged 
(SE), 0.66 (0.26) units higher than for non-Veterans (p = .01).

As seen in Table 3, among women with no or one condi-
tion, the rate of cognitive decline associated with military 
service was only slightly greater among Veterans by 0.10 
(0.08) and 0.14 (0.09) 3MSE units/year, respectively. Among 
women with two or more of these conditions, relative rates 
of change in 3MSE scores were 0.36 (0.12) MSE units/year 
among Veterans compared with non-Veterans. This interac-
tion between markers of vascular burden and Veteran status 
on rates of decline was statistically significant (p = .003).

Because follow-up times vary between Veterans and 
non-Veterans, we divided women into whether they pro-
vided at least 5 years of follow-up and used logistic regres-
sion to examine whether relationships that follow-up time 
had with the risk factors in Table 1 varied between Veterans 
and non-Veterans. We found evidence (p <.05) for an inter-
action for three of these factors. For history of CVD, among 
non-Veterans 85% of those with no history and 80% of 
those with a history provided 5 years of follow-up data; 
for Veterans, 84% with no history and 58% with a history 
of CVD provided 5  years of data. For BMI among non-
Veterans, 85%, 84%, and 85% provided 5 years of data 
for BMI < 25, 25–29, and 30+, respectively; for Veterans, 
these percentages were 88%, 76%, and 71%. Lastly, for 
alcohol intake, of non-Veterans who reported no drinking, 
<1 drink per day, and more than one drink per day, 83%, 
85%, and 84% provided 5  years of data; for Veterans, 
these percentages were 69%, 86%, and 87%. From these 
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Table 1. Distributions of Risk Factors for Cognitive Decline by Veteran Status at Enrollment in the Women’s Health Initiative 
Memory Study

Non-Veteran 
(N = 7,051)
Mean (SD) or
N (%)

Veteran
(N = 279)
Mean (SD) or
N (%)

t test or chi-squared test
p value

Age 70.9 (3.8) 73.4 (3.8) p < .001
 Age range 65–80 65–80
Race/ethnicity (n = 3 missing)
 Asian 123 (1.7) 0 (0.0) p = .003
 African American 510 (7.2) 8 (2.9)
 Hispanic 172 (2.4) 3 (1.1)
 Non-Hispanic White 6,122 (86.8) 263 (94.3)
 Other 124 (1.8) 5 (1.8)
Education (n = 11 missing)
 Less than HS 548 (7.8) 6 (2.2) p < .001
 High school, GED 1,588 (22.6) 33 (11.8)
 Some college 2,822 (40.1) 126 (45.2)
 College graduate or higher 2,085 (29.6) 114 (40.9)
Marital status (n = 8 missing)
 Never married 227 (3.2) 16 (5.7) p = .03
 Divorced/separated 868 (12.3) 41 (14.7)
 Widowed 2,187 (31.1) 92 (33.0)
 Married/marriage-like relationship 3,756 (53.4) 130 (46.6)
Occupation (n = 210 missing)
 Managerial/professional 2,318 (33.8) 126 (46.2) p < .001
 Technical, sales, admin support 2,088 (30.5) 76 (27.8)
 Service/laborer 1,569 (22.9) 53 (19.4)
 Homemaker only 872 (12.7) 18 (6.6)
Employment status (n = 18 missing)
 Not working 5,783 (82.2) 240 (86.3) p = .08
 Employed 1,251 (17.1) 38 (13.7)
Cardiovascular disease burden
 Cardiovascular disease (n = 109 missing) 1,210 (17.4) 52 (19.0) p = .51
 Angina (n = 65 missing) 511 (7.3) 30 (10.9) p = .03
 Peripheral arterial disease (n = 58 missing) 149 (2.1) 9 (3.2) p = .21
 Coronary revascularization (n = 132 missing) 179 (2.6) 9 (3.3) p = .47
 Stroke 110 (1.6) 9 (3.2) p = .03
Cardiovascular disease risk factors
 Hypertension 2,738 (39.3) 122 (44.5) p = .08
 Diabetes 515 (7.3) 16 (5.7) p = .32
Smoking (miss = 107)
 Never 3,709 (53.4) 122 (44.7) p = .02
 Former 2,740 (39.4) 130 (47.6)
 Current 501 (7.2) 21 (7.7)
Body mass index 28.5 (5.7) 28.0 (5.5) p = .13
Current alcohol consumption (miss = 17)
 None 3,276 (46.6) 113 (40.8) p = 0.15
 <1/day 2,922 (41.5) 125 (45.1)
 ≥1/day 838 (11.9) 39 (14.1)
HT treatment assignment p = .53
 CEE-Alone placebo 1,395 (19.8) 62 (22.2)
 CEE-Alone 1,383 (19.6) 47 (16.8)
 CEE + MPA placebo 2,167 (30.7) 90 (32.3)
 CEE + MPA 2,106 (29.9) 80 (28.7)
Unadjusted 3MSE score 95.20 (4.33) 95.51 (3.54) p = .23

Note: GED = general educational development; HT = hormone therapy; CEE = conjugated equine estrogens; MPA = medroxyprogesertone acetate; 3MSE = Modified 
Mini-Mental State Exam.
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analyses, relative to non-Veterans, veteran women with 
prior CVD, higher BMI, and no current alcohol intake pro-
vided less follow-up years.

In supporting analyses, missing covariates were imputed 
to create five complete data sets and the analyses described 
in Table 2 and Figure 2 were repeated. Missing data are 
quantified per variable in Table 1. These sensitivity analyses 

produced results that did not differ from those described 
above.

Discussion
This is the first study to examine the association between 
Veteran status and longitudinal cognitive decline in a large, 
well-characterized sample of older, postmenopausal women. 
At baseline, Veteran women had similar 3MSE scores to 
non-Veterans; however, during the next 8 years, their scores 
evidenced a greater relative difference in the rate of decline. 
This pattern was more pronounced among Veterans who 
were older, more highly educated, and in managerial or 
professional occupations as compared with non-Veterans. 
In addition, Veteran women had baseline 3MSE scores that 
were higher than non-Veterans with comparable CVD risk 
factors and CVD profiles. The greater rate of change in cog-
nitive decline in Veterans compared with non-Veterans also 
occurred, to a greater degree, among women with two or 
more conditions related to CVD risk factors and CVD. All 
findings held after adjustment for age, education, ethnic-
ity, and HT trial treatment assignment, and in sensitivity 
analyses featuring more inclusive cohorts of women and 
when accounting for differential rates of follow-up. Taken 
together, these results suggest that the latent, but steeper 
trajectory of cognitive decline in women Veterans may 
reflect both the effects of cognitive reserve and CVD risk 
factors and CVD burden, which may make detection of 
incipient cognitive decline more difficult.

Two possible explanatory mechanisms were explored 
(see conceptual framework Figure 1). First, Veterans showed 
a pattern of decline consistent with the buffering effect or 
cognitive reserve theory in which cognitive decline occurs 
at a later age but more precipitously in older adults with 
higher educational and occupational attainment (Stern, 
2009). In support of this theory, cognitive decline was more 
marked in Veteran women who had higher education and 

Table 2. Modified Mini-Mental State Examination (3MSE) 
Scores by Veteran Status at Enrollment in the Women’s 
Health Initiative Memory Study

Covariate adjustment Baseline mean (SE)
(p value)

Age, education, race/ethnicity
 Non-Veterans (n = 7,051) 95.21 (.05)
 Veterans (N = 279) 95.13 (.23)
 Difference −0.08 (.24)
 p value p =.72
Additional factors (identified in Table 1 with  
p ≤ 0.05a

 Non-Veterans 95.41 (.05)
 Veterans 95.30 (.23)
 Difference −0.11 (.24)
 p value p =.64
Factors expected to be related to cardiovascular 
disease and associated risk factorsb

 Non-Veterans 95.19 (0.05)
 Veterans 95.84 (0.26)
 Difference −0.66 (0.26)
 p value p =.01

aAge, race/ethnicity, education, marital status, occupation, angina, stroke, 
smoking.
bCardiovascular disease, angina, peripheral artery disease, coronary revascu-
larization, stroke, hypertension, and diabetes.

Figure 2. Trajectory of mean Modified Mini-Mental State Examination (3MSE) scores over time for Women’s Health Initiative Memory Study partici-
pants grouped by Veteran status with adjustment for age, education, race/ethnicity, and Hormone Therapy treatment assignment.
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higher occupational attainment. Second, Veterans demon-
strated a greater relative difference (decline) in cognitive 
functioning over time—which is consistent with increased 
prevalence of CVD risk and CVD that overwhelms the 
protective effects of higher educational and occupational 
attainment and leading, eventually, to a greater relative 
decline in cognitive functioning (Anstey et al., 2007; Cengic, 
Vuletic, Karlic, Dikanovic, & Demarin, 2011; Haring et al., 
2013; Mulder et al., 1998). To test this hypothesis, base-
line and longitudinal analyses were adjusted for markers of 
CVD risk factors and CVD. After covariate adjustment to 
align groups according to the markers of CVD risk factors 
and CVD profiles, baseline 3MSE scores for Veterans were 
significantly higher than for non-Veterans, perhaps due to 
higher educational and occupational attainment. During 
follow-up, Veterans with the greatest number of conditions 
related to CVD risk and CVD had the greatest relative dif-
ference in rates of change in cognitive function.

Our results are on par with and add to the literature 
on CVD risk factors and CVD burden that are known to 
accelerate cognitive decline in older adults (Cengic, Vuletic, 
Karlic, Dikanovic, & Demarin, 2011; Haring et al., 2013; 
Mulder et  al., 1998). In our study, Veteran women with 
two or more CVD risk factors or CVD diagnoses evidenced 
the steepest relative trajectory of cognitive decline. The pro-
file of cognitive decline is consistent with prior literature 
on the Veteran/non-Veteran health “cross-over” effect in 
which Veterans, despite many years of robust good health, 
evidence rapid decline in health and well being relative to 
non-Veterans in late life, typically after age 70 (Waller & 

McGuire, 2011; Weitlauf et al., 2015). Similarly, it has been 
proposed that the time following active duty may be an 
important transition stage and an opportunity to address 
some important and higher rates of key risk factors (e.g., 
smoking) in Veterans (Waller & McGuire, 2011; Yaffe 
et al., 2014). The current study was limited in this regard, 
by its observational timeframe, which occurred during the 
participants’ postmenopausal years. The importance of 
targeting this transition period (from active duty military 
personnel to Veterans) for identification and intervention 
of modifiable health risk factors (e.g., smoking) should be 
more carefully examined in future work.

Limitations to our study include the relatively low 
number of women Veterans included in the WHIMS study, 
which may have limited the power needed to fully detect 
all possible three-way interactions among Veteran status, 
education/occupational attainment, and CVD risk factors 
and CVD on cognitive decline. The WHI did not collect 
data on the nature of women’s service, which limited the 
contextual nature of military service. The cohort also 
contained a limited number of women from traditionally 
underrepresented ethnic/racial minority groups. Second, 
while the 3MSE measure of global cognitive function-
ing has been used extensively and reliably in WHIMS, 
(Espeland et  al., 2005; Espeland, Shumaker, & Hogan, 
2009; Rapp et al., 2003; Shumaker et al., 1998), it is a 
screening instrument designed to offer a quick, global 
assessment of cognitive status. The 3MSE is limited by 
its potential for ceiling effects, particularly in highly edu-
cated individuals, like the Veteran subgroup evaluated in 

Table 3. Consistency of Relative Differences in the Rate of Modified Mini-Mental State Examination (3MSE) Changes in 
Women Veteran and Non-Veteran Participants in the Women’s Health Initiative Memory Study over Time across Subgroups of 
Baseline Risk Factors for Cognitive Declinea

Subgroup Relative difference (SE) in the rate of change in 
3MSE scores between veterans and non-veterans: 
units/year

Consistency of differences across 
subgroups (p value)

Overall −0.16 (0.03)
Women with no stroke history −0.16 (0.03)
Age
 60–69 0.03 (0.06) p = .008
 70–80 −0.15 (0.03)
Education
 College graduate −0.25 (0.04) p = .001
 Other −0.08 (0.04)
Occupation
 Professional/Manager −0.21 (0.04) p = .03
 Other −0.10 (0.04)
Number of conditions related to cardiovascular disease 
and risk factors at baseline
 0 −0.10 (0.08) p = .02
 1 −0.14 (0.09)
 2 −0.36 (0.12)

aFrom models controlling for systematic learning effects across subgroups, HT treatment assignment, age race/ethnicity and education; examined by linear regres-
sion models of risk factors for predicting cognitive decline.
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the present work. Additionally, a relative Veteran to non-
Veteran difference of 1 unit on the 3MSE by the 8th year 
of follow-up may not be clinically meaningful as a stan-
dalone measure of cognition. However, principal findings 
from the WHIMS trials included that HT was associated 
with a mean relative decrement in 3MSE slopes of <0.10 
unit per year, which was associated with a 75% increased 
risk for cognitive impairment (Espeland et  al., 2004), 
which is clinically meaningful. Future studies are needed 
to more fully examine clinically useful units of change 
in cognition of women Veterans. On par, the 3MSE is 
likely insufficiently sensitive to detect subtle changes in 
cognitive functioning and the total score does not provide 
information on specific cognitive domains. The women 
Veterans in WHIMS had fewer assessment visits across 
the 8-year follow-up period and also had higher rates of 
mortality, which is consistent with the larger WHI Veteran 
group (Weitlauf et al., 2015). This may have impacted the 
current findings in that women Veterans in the current 
study are those who survived throughout the follow-up 
period and the expectation would be that reduced follow-
up rates would be higher among women with poor car-
diovascular health and declining cognition. In fact, there 
were fewer follow-up years in Veteran women, relative to 
non-Veterans, with history of CVD, higher BMI, and no 
alcohol intake, all of which are risks for accelerated cog-
nitive decline (Espeland et al., 2005; Haring et al., 2013; 
Yaffe et al., 2014). Thus, the impact of such differential 
follow-up would be to decrease observed differences, and 
therefore the current results are likely an underestimate 
of relative cognitive declines among Veteran women. 
Indeed, WHIMS has demonstrated lower follow-up rates 
among women who had poorer health and lower cog-
nitive function (Espeland et  al., 2013). In addition, the 
generalizability of our findings may be limited as Veteran 
participants in WHIMS represent women whose military 
service likely occurred predominantly before the conflict 
in Vietnam (e.g., WWII and Korea) with a small number 
who would have been eligible to serve during the Vietnam 
War. As such, this Veteran cohort is likely distinct from 
more contemporary groups of women Veterans both with 
respect to their socio-demographics and the nature and 
length of their military service (Frayne et al., 2006). This 
too would be expected to impact the generalizability of 
our findings. Lack of more specific information in the 
WHI regarding women’s participation in military ser-
vice prevents the examination of cognitive decline due 
to military-related exposures or the physical or mental 
health correlates (e.g., posttraumatic stress disorder) of 
military service (Weiner, Friedl, Pacifico, & Chapman, 
2013). Finally, as volunteers and suitable candidates for 
the WHI HT trial, the women in our analyses may not 
reflect more general populations; in particular, the enroll-
ment process differentially lead to underrepresentation of 
women with cognitive deficits, as this was exclusionary 
for participation in WHIMS.

Study strengths include the use of a large national sam-
ple of older women; a high rate of follow-up retention; and 
inclusion of a multitude of variables associated with cogni-
tion. WHIMS provides an unprecedented opportunity to 
examine long-term cognitive trajectories in postmenopau-
sal women Veterans, and provides a foundation for future 
research to examine the risk and resiliency factors that lead 
to cognitive decline in these unique women.

Taken together, the findings of the present study yield valu-
able information about the risks for cognitive decline among 
women Veteran participants in WHI. This cohort of Veteran 
women likely demonstrates a phenomenon in which, early 
in the process of cognitive decline, protective factors such as 
high educational and occupational attainment initially mask 
or delay a decline process, which may accelerate in its rate 
of decline over time. This underscores the importance of pre-
vention, early identification of modifiable risk factors, and 
knowledge of contextual resilience factors in these women. 
Of note, the average decline observed is subtle over this time 
frame and continued study of this population will be impor-
tant. Additional research is needed to increase our under-
standing of the interplay of between CVD risk factors, CVD, 
socio-demographic protective factors such as education 
and occupational attainment, and cognitive decline in older 
women Veterans (see Figure 1 for conceptual framework). 
Future work on this topic should prioritize the use of more 
sensitive measures of cognitive decline to fully understand 
the relationship with risk and resilience. For example, as is 
typically emphasized during structured neuropsychologi-
cal assessments, the examination of cognitive status in the 
context of critical demographic information (e.g., education/
occupational attainment) should be highlighted for Veteran 
women. Testing the more nuanced mechanisms underlying 
the cognitive trajectories of women Veterans will be possible 
in future work with the subset of WHIMs participants who 
received a more comprehensive neuropsychological assess-
ment (Goveas, Espeland, & Hogan, 2014) and on whom 
neuroimaging data are available (Resnick et al., 2009).
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