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Abstract

Background and Objectives—This study characterizes the multiple morbidities experienced 

by senior-aged women Veterans so that the Veterans Health Administration (VHA) and other 

healthcare systems may be better prepared to meet the healthcare needs of this growing cohort.

Research Design and Methods—Using the VHA’s Corporate Data Warehouse (CDW), we 

conducted a retrospective observational study of the 38,597 female veteran patients who were at 

least sixty-five years old and received care in the VHA during 2013 and 2014. We use a latent 

class analysis model to cluster diagnoses associated with inpatient and outpatient events over the 

years.

Results—The senior-aged women Veterans are characterized by six major classes of disease 

clusters. We defined these classes as: Healthy (16.24% of the cohort); Ophthalmological Disorders 

(13.84%); Musculoskeletal Disorders (14.22%); At Risk for Cardiovascular Disease (37.53%); 

Diabetic with Comorbidities (9.05%); and Multimorbid (9.12%). The patterns and prevalence of 

these condition classes vary by race, age and marital status.

Discussion and Implications—Each of the six clusters can be used to develop clinical 

practice guidelines that are appropriate for senior-aged women Veterans. Consistent with past 

literature, the most common conditions in this cohort are hypertension and hyperlipidemia; 
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together they form the most common class, “At Risk of Cardiovascular Disease (CVD)”. Results 

also show evidence of race-related disparities, with Blacks being more likely to be in the highest 

risk classes. Also, members of the cohort who are currently married having improved chances of 

being in the healthy class. And finally, we see a “healthy survivor” effect with the oldest women in 

our cohort having low overall rates of disease.

Background and Objectives

Women Veterans comprise a growing and aging population in the United States (US). As of 

2016, 16% of the two million women Veterans were over age 65 (LaCroix et al., 2016; 

Reiber & LaCroix, 2016), and there is a projected 83% increase in the number of women 

Veterans who will be over the age of 65 by the year 2025 (Reiber & LaCroix, 2016). Given 

these projections, understanding the health needs of women Veterans has been identified as a 

priority area for the Veterans Health Administration (VHA) (Atkins, 2013; Yano et al., 

2006). Although there is a growing body of literature illustrating the different health care use 

patterns, the costs associated with these patterns, and the disease patterns associated with 

women Veterans in general, the disease burden and healthcare needs of older women 

Veterans warrants further investigation.

One area where additional work needs to be done is in understanding the disease 

characteristics of the aging women Veteran population. It is especially important to examine 

the variation that exists across subpopulations of women Veterans in order to plan for the 

resources and create viable Clinical Practice Guidelines (CPG) that will be needed to care 

for them (Bean-Mayberry et al., 2010; Bielawski et al., 2014; Washington, Bean-Mayberry, 

Hamilton, Cordasco, & Yano, 2013). Hereafter, the phrase “senior-aged” is referring to ages 

sixty-five or older unless otherwise specified. Of particular importance is understanding co-

occurring morbidities, or multimorbidity, experienced by senior-aged women Veterans; their 

specific combinations of conditions are likely to affect which treatments and resources 

should to be developed or bolstered by the VHA (Akker, Buntix, Metsemakers, Roos, & 

Knottnerus, 1998; Sambamoorthi, Shen, Findley, Frayne, & Banerjea, 2010; Yoon, Scott, 

Phibbs, & Frayne, 2012). Thus, in order to inform the development of meaningful clinical 

guidelines, this study seeks to clarify how health conditions cluster in senior-aged women 

Veterans.

The Unique Case of Senior-Aged Women Veterans Who Use VHA

It is important to study women Veterans separately because it has been shown that outcomes 

based on studies of civilian populations cannot always be applied to Veteran populations 

(Bielawski et al., 2014). There are several theories about how and why Veterans’ health 

differs from that of non-Veterans. Some argue that military cohorts have higher survival rates 

(i.e., the “healthy soldier effect”) compared to the general population because of the initial 

physical screening for military service, the requirements for maintaining a certain fitness 

standard, and better access to medical care during and after their service (Kang et al., 2014). 

Others have added a clarification that there is a reduction in the healthy soldier effect as 

Veterans age (Washington et al., 2016). When it comes specifically to women Veterans, 

some hypothesize that it is common for women to join the military in order to escape 
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unfavorable or dysfunctional home lives, which is associated with poorer health outcomes 

(Reiber & LaCroix, 2016).

When considering older generations of women specifically, women Veterans have been 

shown to differ from civilian women in demographic traits that are relevant to health 

outcomes. Senior-aged women Veterans are more likely to be college graduates, Caucasian, 

and less likely to have ever been married or be living with a partner than senior-aged civilian 

women (LaCroix et al., 2016).

When comparing rates of health conditions, there is some evidence to suggest that senior-

aged women Veterans might be in better health than senior-aged women in the United 

States. Approximately 61.4% of senior-aged women Veterans have a diagnosis of 

hypertension; in the general U.S. population, 70.8% women ages 65–74 and 80.1% of those 

over 75 years of age have hypertension (Frayne et al., 2014; Centers for Disease Control and 

Prevention, 2015). For osteoporosis, 16.6% of senior-aged women Veterans have the 

diagnosis; for the United States in general, 25.7% of all U.S. women aged 70–79 and 34.9% 

of those ages 80 and up have the condition (Frayne et al., 2014; Centers for Disease Control 

and Prevention, 2011). Rates of diabetes are a bit more similar between the two groups, with 

22.2% of senior-aged women Veterans and 19.8% of the general U.S. population of senior-

aged women having the condition (Frayne et al., 2014; Go et al., 2013). Finally, 26.4% of 

senior-aged women Veterans and 31.1% of all U.S. senior-aged women have a diagnosis of 

cataracts (Frayne et al., 2014; Wright et al., 2014).

On the other hand, there are also findings to suggest that women Veterans are in poorer 

health than their civilian counterparts. A number of studies have gathered evidence showing 

that non-Veteran women are healthier than Veteran women. Using a self-reported health-

related quality of life survey, women Veterans reported worse physical and mental health 

than non-Veterans (Skinner & Furey, 1998). It has also been noted that women Veterans are 

more likely to experience sexual trauma than non-Veteran women (Mengeling, Sadler, 

Torner, & Booth, 2011; Der-Martirosian, Cordasco, & Washington, 2013). And, women 

Veterans aged eighty or older reported significantly lower perceived health, physical 

functioning, life satisfaction, social support and quality of life than non-Veteran women of 

the same age (LaCroix et al., 2016). While senior-aged women Veterans have a more active 

lifestyle, they have been shown to experience greater declines in level of physical activity as 

compared to non-Veteran women (Bastian et al., 2016).

There are previous studies devoted to uncovering the potential causes of health differences 

(positive or negative) experienced by women Veterans; they highlight several socio-

economic suspects. Der-Martirosian et al. (2013) found that senior-aged women Veterans 

who are employed, earn higher incomes, are married and have more education tend to 

experience better physical health. For women Veterans aged fifty and older, there is evidence 

showing they have lower rates of ever marrying, are less likely to be currently living with a 

spouse or partner, and report lower overall levels of social support compared with non-

Veterans (LaCroix et al., 2016). Overall, approximately 20% of women Veterans report that 

they have no one to turn to in times of crisis (Cotton, Skinner, & Sullivan, 2000). 

Furthermore, women Veterans are also more likely to be members of racial-ethnic minorities 

Gonsoulin et al. Page 3

Innov Aging. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



than non-Veterans (Goldzweig, Balekian, Rolón, Yano, & Shekelle, 2006). These 

documented differences (e.g., lower social support and race-based demographic differences) 

may contribute to health disparities between Veteran and civilian women.

Differences have also been documented between the women Veterans who use VHA and 

women Veterans who receive their care in the private sector. In terms of demographic 

characteristics, users of VHA are more likely to have served in combat, be under sixty-five 

years old, poorer, African American and urban dwelling (Mengeling et al., 2011; 

Washington, Farmer, Mor, Canning, & Yano, 2015; Mooney & Weeks, 2007; Der-

Martirosian et al., 2013). In terms of health, compared to Veterans who do not use VHA 

services, VHA users are more likely to rate their health as fair or poor, have a service-

connected disability and be uninsured (Mooney & Weeks, 2007; Mengeling et al., 2011; 

Der-Martirosian et al., 2013; Washington et al., 2015). These findings are confirmed by 

patterns of attrition from VHA care; women Veterans are more likely to discontinue care in 

VHA when they are healthier, over sixty-five years old, have insurance and live in rural areas 

(Hamilton, Frayne, Cordasco, & Washington, 2013). Given these findings, the population of 

senior-aged women Veterans using VHA services may represent a particularly condensed 

population of low resource patients.

The Importance of Understanding Multimorbidity

Multimorbidity refers to the co-occurrence of diseases (acute or chronic) within one person 

at one point in time (Agur, McLean, Hunt, Cuthrie, & Mercer, 2016; Akker et al., 1998; 

Marengoni, Rizzuto, Wang, Winbald, & Fratiglioni, 2009). Multimorbidity is associated 

with adverse health outcomes, greater costs and adverse reactions to treatments (Boyd et al., 

2012). When deciding on a course of medical action for any given condition, providers often 

rely on the U.S. Clinical Practice Guidelines (CPG), which are designed by specialty-

dominated committees focused on managing a single disease, often without consideration of 

co-morbid conditions (Boyd, Darer, Boult, Fried, & Boult, 2005). When a patient is 

multimorbid, the various guidelines may be combined in ways that lead to contradictory 

drug regimens, lack of care coordination, medical errors, insufficient health education, low 

patient satisfaction, patient confusion and more (Hughes, 2012; Boyd et al., 2007; Liddy, 

Blazkho, & Mill, 2014). Therefore, the identification of common multimorbidity clusters for 

patient cohorts would allow for the creation of guidelines designed to deal with 

multimorbidity in a way that avoids these pitfalls.

Past literature tells us about the most common physical and mental conditions for senior-

aged Veterans. In fiscal years 2007 and 2008, the most common chronic conditions for 

senior-aged women Veterans were (in descending order): hypertension, hyperlipidemia, 

arthritis, osteoporosis and dyspepsia (GERD/PUD) (Steinman et al., 2012). In 2014, the 

VHA’s Women Health Evaluation Initiative (WHEI) wrote a comprehensive report that 

compiled a list of the twenty most common conditions specific to senior-aged women 

Veterans who were receiving care in the VHA; the conditions are listed (in descending order 

of prevalence) in the method section as well as in Table 3 (Frayne et al., 2014).

For women Veterans, previous studies have examined how conditions tend to co-occur in 

combinations of two or three. Using corrected Chi-Square analyses to study the co-
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occurrence of chronic conditions among women Veterans over the age of 65, Steinman et al. 

(2012) found that the two most common sets of triple conditions were (1) 18.4% with 

diabetes, hypertension and hyperlipidemia and (2) 16.5% with coronary heart disease, 

hypertension and hyperlipidemia. Narrower in scope, Shen et al. (2010) found that among 

all-aged women Veterans using VHA services who are diagnosed with diabetes or heart 

disease, 27% were also diagnosed with depression.

We can make some imperfect comparisons of the findings on multimorbidity among senior-

aged women Veterans to general populations. The most common conditions for Swedish 

women over seventy-seven years old are hypertension, dementia and heart failure 

(Marengoni, Winblad, Karp, & Fratiglioni, 2008). Using logistic regression and cluster 

analysis to analyze multimorbid chronic conditions in Swedish men and women over age 77, 

Marengoni et al. (2009) found the following five clusters: (1) hypertension, heart failure, 

chronic atrial fibrillation, and CVD; (2) thyroid dysfunction, chronic obstructive pulmonary 

disease (COPD), and CHD; (3) diabetes mellitus, visual impairments, and deafness; (4) 

dementia, depression, and hip fracture; (5) malignancy and anemia. And for all ages and 

sexes of Medicare beneficiaries, 33.7% have a combination of ischemic heart disease, 

hypertension and hyperlipidemia; 29.9% have diabetes, hypertension and hyperlipidemia; 

and 25.7% have arthritis, hypertension and hyperlipidemia (Centers for Medicare & 

Medicaid Services, 2012).

This study aims to contribute to our substantive understanding of the health care patterns for 

senior-aged women Veterans by using a more comprehensive statistical model. We will 

identify common multimorbid clusters for senior-aged women Veterans who use VHA by 

applying the statistical technique called Latent Class Analysis (LCA). The objective of LCA 

is to create a set of latent classes or clusters of individuals determined by a set of comorbid 

conditions. Once identified, this information can used to design Clinical Practice Guidelines 

specific to senior-aged women for their most common combinations of conditions in a 

manner that avoids poor health outcomes, higher costs and lower patient satisfaction.

Design and Methods

With approval from the local VHA Institutional Review Board, data on 41,465 unique 

female patients were gathered from the Veteran’s Health Administration (VHA) Corporate 

Data Warehouse (CDW). Patients were included if they were 65 years old as of January 1, 

2014 and if they had at least one outpatient visit or were discharged from at least one 

inpatient stay between January 1, 2013 and December 31, 2014. Patients (n=6,703) were 

excluded if they were marked as deceased or as a non-Veteran.

In addition to age, data on a patient’s marital status and race were included. For marital 

status, 185 or 0.5% of patients had no mention of their marital status in the patient record. 

Another 526 or 1.3% of patients had multiple values of marital status; in these cases, the 

value associated with the most recently entered patient record was selected. When a patient’s 

demographic information indicated that they were widowed, separated, divorced, single or 

never married, the patient was characterized as “not currently married”. For race, 2,882 or 

7.5% of patients were missing race information. Of the 92.5% with a race entry, about 87% 
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had a consistent indicator for their racial identity, and for the remaining ~13%, we used in 

hierarchical order, the most commonly occurring value of race, a value of race that matched 

the records in a secondary table that holds race values, the most recently entered value or the 

least commonly occurring (population-wise) value. Due to a combination small populations 

and current VHA coding practices around race, the variable Race was resolved to the 

categories of White, Black and Other; the patients who are combined into the “other” race 

category included 878 American Indians/Alaska Natives/Asians/Native Hawaiians/Pacific 

Islanders and 2,882 patients with missing information.

Methods defined by the Women’s Health Evaluation Initiation (WHEI) were used to 

assemble diagnoses into 202 groupings by organ system (Frayne et al., 2014). Patients were 

excluded for having diagnoses that are specific to men such as prostate cancer (n=73 

patients) or diagnoses such as menstrual disorders that are associated with younger, 

premenopausal women when that diagnosis was not marked as historical (n=68 patients). 

Diagnoses were excluded if they were modified in a way that indicates they were not final 

(n=1 diagnosis) or when the diagnosis was merely a suspected diagnosis marked as the 

reason for ordering a test as opposed to a confirmed diagnoses based on a test result 

(n=1,162 diagnoses). We began with the top twenty condition groupings for senior-aged 

women Veterans, as defined by WHEI; they are (in descending order): Hypertension; Lipid 

Disorders; Cataract; Thyroid disorders; Joint Disorders - Unspecified or Multiple Joints; Eye 

disorders – Other; Diabetes Mellitus; Esophageal disorders; Dermatologic disorders- Other; 

Refraction disorders; Joint Disorders - Lower Extremity; Osteoporosis; Hearing problems; 

Depression, possible- Other; Musculoskeletal conditions- Other; Spine Disorders- 

Lumbosacral; Overweight/Obesity; Coronary Artery Disease- Other; Residual Codes; and 

Endocrine, Metabolic and Nutritional Disorders- Other (Frayne et al., 2014). WHEI defined 

the “residual codes” grouping as a domain that “includes miscellaneous diagnoses [that are] 

not mapped to other domains, such as symptoms, conditions due to external causes, and 

psychosocial factors” (Frayne et al., 2014).

In latent class analysis (LCA), a patient’s health status (the latent variable) defines the 

specific level of comorbidities (items or health indicators). The patient’s health status can be 

classified into groups (the latent classes) according to the pattern of comorbidities. LCA 

estimates the prevalence of each class in the sampled population (class probabilities), the 

contribution of each comorbidity to the class identification (item probabilities), and the 

amount of error contributed by each health condition in the estimation of the latent classes 

(Muthén, 2001; Funderburk, Maisto, Sugarman, & Wade, 2008; Collins & Lanza, 2010; 

Green et al., 2010; Pugh et al., 2014; Funderburk, Kenneson, & Maisto, 2014).

Model parameters are estimated using the Expectation-Maximization (EM) algorithm. A 

training data set (70% of data) was created to develop the latent class model, which was later 

validated using the remaining 30% of data. The number of latent classes comprising the 

latent variable was determined by using information-based criteria, namely AIC (Akaike’s 

Information Criterion) and BIC (Bayes Information Criterion). An overall χ2 statistic was 

used to assess model fit. Class naming is suggested by the magnitude of the health indicator 

probabilities (ρ or rho values), in which high values (e.g. 0.45) indicate higher likelihood of 

a given co-morbidity in a chosen class.
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Briefly, we use LCA to classify patients based on responses on the 20 diagnosis groups. The 

probability of a given pattern of indicators/comorbidities, say Y = (yl, y2, ⋯, yJ), where J is 

the number of indicators, is modeled as a function of the number of classes, C, 

corresponding class probabilities (γs), and item or indicator probabilities given class C = c. 

Precisely,

The gamma (γc) parameter estimates the likelihood of a given individual being in class C = 

c, whereas the ρj,rj|c corresponds to the probability of the individual response to the jth 

indicator being rj, given membership in class C = c.

Finally, we conducted analyses to examine the prevalence of each demographic subgroup 

(by race, age and marital status) in each condition class. Then, we deconstruct those 

prevalence patterns by examining percentages of each condition for the same subgroups.

Results

After applying inclusion and exclusion criteria, our study sample included 38,597 patients 

who were predominately Caucasian (88.5%), unmarried (69.7%), and aged 65 to 74 

(54.1%). See Table 1 for more details.

Six latent disease classes were identified for our sample of senior-aged women Veterans. A 

condition group was assigned to a latent class when it’s Rho estimate indicated that it had 

over 0.45 or 45% chance of belonging to that class. The first latent class was characterized 

by a lack of any clinically significant disease; we are labeling this group “Healthy”. All 

classes included hypertension as a condition except for the “Healthy” class. The second 

latent class was characterized by hypertension, lipid disorders and joint disorders 

(unspecified/multiple and lower extremity); we applied a label of “Musculoskeletal 

Disorders” to this class. The third latent class was characterized by hypertension combined 

with vision problems such as refraction disorders, cataracts, and other eye disorders; we 

referred to this group as “Ophthalmologic Disorders”. The fourth latent class was 

characterized by hypertension and lipid disorders; we labeled this group “At Risk for 

Cardiovascular Disease (CVD)”. The fifth latent class was characterized by hypertension, 

lipid disorders, diabetes and ophthalmologic disorders (i.e., refraction abnormalities and 

cataracts); we labeled this group “Diabetes with Comorbid Conditions”. The sixth latent 

class was characterized by a large number of multimorbid conditions: hypertension, lipid 

disorders, all three categories of vision disorders, esophageal disorders, dermatologic 

disorders, both categories of joint disorders, musculoskeletal conditions, spine disorders and 

conditions labeled “residual” by the Women’s Health Evaluation Initiation (WHEI) (Frayne 

et al., 2014). We have labeled this sixth latent class “Multimorbid”. Looking at gamma 

values, there was a 35.1% chance that a senior-aged woman Veteran would be in the “At 

Risk of CVD” class and a 16.3% chance that they would be in the “Musculoskeletal 

Disorders” class. See Figure 1 for more details.
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For the cohort as a whole, Table 2 displays the prevalence rates for each latent class. The 

most common class was “At Risk of Cardiovascular Disease (CVD)”, with 37.5% of the 

cohort being classified in this group. The next most common class was “Healthy” with 

approximately 16.2% of the cohort falling into this class. Approximately 9.1% of the cohort 

fall into the “Diabetes with Comorbid Conditions” and another 9.1% were in the 

“Multimorbid” class. For demographic sub-groups, a diversity of prevalence rates was seen; 

all differences were statistically significant. When examining the trends by race, our findings 

indicated that Blacks were disproportionately represented in the classes “Diabetes with 

Comorbidities” and “Multimorbid”. Blacks were 9.8% of the cohort, but they were 16.4% of 

the “Diabetes with Comorbidities” class and 13.98% of the “Multimorbid” class. Members 

of “other” (i.e., American Indians/Alaska Natives, Asians/Native Hawaiians/Pacific 

Islanders and those with missing race information) racial groups were overrepresented in the 

healthy class. There are also age-based trends that are notable. Younger seniors aged 65 to 

74 were 54% of the cohort, but they were 63.1% of the “Musculoskeletal Disorders” class 

and 66.1% of “Diabetes with Comorbid Conditions” class. The oldest group of women (aged 

85 or older) were 20.6% of the cohort but only 9.1% of the “Diabetes with Comorbid 

Conditions” class. Finally, trends by marital status show that those who were married 

constituted 29.8% of the cohort but only 21.8% of the “Multimorbid” class. Refer to Table 2 

for more details.

To deconstruct the trends seen in prevalence rates, we explored the differences in 

percentages of each condition, using a 5% difference as the cut-off, to compare the overall 

cohort to each demographic subgroup. The overall cohort of senior-aged women Veterans 

was characterized by high rates of hypertension (68.4%) and lipid disorders (56.8%). Rates 

of hypertension were even higher for Blacks (77.45%). Blacks also stand apart for having a 

higher proportion of Diabetes Mellitus (36.6% vs. 24.1%), cataracts (36.1% vs. 27.1%) and 

joint disorders of the lower extremity (31.0% vs. 21.6%) than the overall cohort; 

simultaneously, Blacks are less likely than the overall cohort to have diagnoses of 

osteoporosis (9.3% vs. 15.9%), thyroid disorders (16.6% vs. 25.6%) and hearing problems 

(10.0% vs. 17.2%). The older members of the cohort, i.e., women Veterans aged eighty-five 

and older (n=7,956), were less likely than the overall cohort to have certain diagnoses: lipid 

disorders (46.2% of oldest women v. 56.8% of the overall cohort), obesity (3.9% vs. 

16.72%), diabetes (14.5% vs. 24.1%), ophthalmologic disorders (19.9% vs. 27.1% cataract 

and 14.6% vs. 22.2% refraction disorders), depression (10.2% vs. 17.6%) and 

musculoskeletal disorders (12.7% vs. 18.2% spinal disorder, 14.3% vs. 21.1% 

musculoskeletal conditions, and 16.1% vs. 21.6% joint disorders). See Table 3 for more 

details.

Discussion and Implications

Overall, we found six latent condition classes, with one being “Healthy”. For the five 

symptomatic classes, we propose that these common condition classes can be used to create 

Clinical Practice Guidelines (CPG) that are constructed by multi-specialty physician panels. 

These guidelines should be specific to senior-aged women Veterans, the identified 

combination of conditions, the mixtures of medications, the educational needs of the patients 

and more. For example, the latent class “Diabetes with Comorbid Conditions” would 
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develop guidelines that incorporates treatments and interventions for hypertension, lipid 

disorders, diabetes and ophthalmologic disorders (e.g. refraction abnormalities, cataracts) in 

such a way as to make them appropriate to senior women. These guidelines would need to 

be attentive to potential drug interactions between common medications used for the 

overlapping conditions.

The most common condition for our cohort was hypertension, with 63.4% of all senior-aged 

women Veterans having a diagnosis in their records; this finding is consistent with the 2013 

study of cardiovascular health in women Veterans (Whitehead, 2013). This percentage 

represents a substantial increase in the rate of hypertension for women Veterans as they age, 

as Vimalananda et al. (2013) found hypertension in 13% of women Veterans aged 35–44, 

28% of women Veterans aged 45–54, and 42% of women Veterans aged 55–64. On the other 

hand, this rate is lower than in the general population of senior-aged women in the United 

States, where 70.8% women ages 65–74 and 80.1% of those over 75 years of age have 

hypertension (Centers for Disease Control and Prevention, 2015). Whether this difference in 

rates between women Veterans using the VHA and the general population signify better 

health warrants further comparative studies.

Hyperlipidemia was the second most common condition for our cohort of senior-aged 

women Veterans (~56%); this result is consistent with Whitehead’s (2013) results, which 

show that 79.6% of all senior-aged women Veterans have at least one cardiovascular disease 

(CVD) risk factor. Together hypertension and hyperlipidemia form the most common latent 

class, “At Risk of CVD” (37.5%). This result is consistent with the findings of Vimalananda 

et al. (2013) who found that rates of CVD disease are shown to increase as women Veterans 

age (~25% of women aged 45–54 and ~33% of women aged 55–64 in VHA have more than 

two CVD risk factors).

We find additional support for arguments about intragroup variation among women 

Veterans, as that variation relates to race. Our results indicated that Blacks were most likely 

to have diagnoses of hypertension, diabetes, obesity, spine disorders and cataracts. Hence, 

Blacks have disproportionate representation in the classes that infer the greatest risk of 

adverse outcomes, “Diabetes with Comorbidities” and “Multimorbid”. This pattern is 

consistent with past studies on national samples of men and women; they found higher risks 

of diseases, comorbidities and mortality for Blacks and Native Americans due to a 

combination of biological, socio-economic, environmental and psychosocial causes (Daw, 

2017; Mujahid et al., 2017; Saha, Freeman, Toure, Tippens, & Weeks, 2007; Schoenborn & 

Heyman, 2009). The VHA may create benefit by specifically targeting Black senior-aged 

women in their intervention programs that are aimed at reducing obesity and preventing 

diabetes.

Our findings also reveal a correlation between health status and marital status, which is 

presumed to be an imperfect proxy for social support. Members of the cohort who are 

currently married are underrepresented in the “Multimorbid” class, while unmarried 

members are overrepresented in the class. Assuming marital status is telling us something 

about the level of social support the patient has, this pattern is consistent with past literature 

from the U.S., Canada and India showing the importance of marriage, spouses, family and 
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overall social support in the well-being of senior-aged men and women (Perkins et al., 2016; 

Ploeg et al., 2017; Schoenborn & Heyman, 2009). However, it is of note that Schoenborn 

and Heyman (2009) find that the direction of this relationship reverses for both men and 

women who are 75 years old and older, with marriage actually being associated with poorer 

health. Of women Veterans aged 65–75, 70.8% are unmarried and 48.1% live alone; these 

numbers increase to 71.4% and 52.5% respectively for women over the age of 75 (Frayne et 

al., 2006). Similarly, LaCroix et al. (2016) finds that the current cohort of senior-aged 

women Veterans are less likely to have social support than civilians. In general, services that 

support older women Veterans may need to plan for an increased demand on institutional 

services for this population to prolong and preserve their independence, and perhaps marital 

status can act as something of a prompt for exploring potential patient needs.

Lastly, we found an interesting age-based pattern of prevalence in disease classes. The oldest 

women in the cohort (ages 85 and older) have relatively low rates of many of the diagnoses 

examined in this study, such as: lipid disorders, obesity, diabetes, vision disorders, 

musculoskeletal problems and depression. They are, however, more likely to have diagnoses 

such as osteoporosis, hearing problems and thyroid disorders. On the whole, women 

Veterans aged 85 and older had a disproportionately low probability of being in the 

“Diabetes with comorbidities” class. A national study performed by Schoenborn and 

Heyman (2009) found a decreasing probability of diabetes for older cohorts. There may be 

generational differences underlying these findings; Vimalanada et al. (2013) note a higher 

prevalence of obesity for younger cohorts as compared to older cohorts, suggesting a 

possible earlier emergence of diseases such as diabetes in the younger cohort of Veterans. 

Studies in longevity show that people who survive to the oldest ages (i.e., centenarians) tend 

to exhibit a compression of disability, an optimal set of health behaviors, stronger social 

support systems and genetic advantages as compared to people who die at younger ages 

(Poon & Cheung, 2012; Sebastiani & Perls, 2012); perhaps, we are seeing a healthy survivor 

effect in the oldest members of the cohort.

This study has several limitations. First, the cohort is restricted to those senior-aged women 

Veterans who use VHA services. We believe that it is appropriate to examine this cohort 

separately from non-VHA users, civilian women and younger women Veterans because past 

studies (as discussed in the introduction) have illuminated each group’s unique health 

concerns and needs. Furthermore, based simply on growth rates and population size, we 

believe that an argument can be made to address this expanding segment of VHA patients. In 

2016, 32% of women Veterans were enrolled to receive care in VHA (Reiber & LaCroix, 

2016). This percentage is the result of a trend of increasing numbers of women Veterans 

seeking care in VHA, as recorded by Friedman et al. (2011) between 2003 and 2009. A 

second limitation may be associated with the elimination of the seventy-three patients that 

have diagnoses specific to males. While it is possible that this elimination may be obscuring 

results related to transgendered women, we were unable to consider these seventy-three 

patients separately because they did not create a large enough group for use in an LCA 

model that includes twenty condition groupings. As a final consideration, we believe that it 

is important to acknowledge the likelihood that future cohorts of senior-aged women 

Veterans may differ from the current cohort of senior-aged women Veterans because they 
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will be more likely to have engaged in active/combat service and have higher rates of 

service-connected conditions such as joint disorders (Frayne et al., 2014).

Overall, we found that among older women Veterans, there are six distinct diagnostic 

clusters with hypertension as a common diagnosis across five of the six. We also identified 

subgroup trends across the identified clusters relevant to racial minority populations and the 

oldest women Veterans. These six clusters may assist providers and the health care system in 

determining what levels and types of clinical services are required to promote optimal well-

being and functioning among the aging women Veteran population by providing the 

prerequisite knowledge necessary for creating clinical guidelines that take multimorbidity 

into account. Home health and assisted living may greatly benefit the most elderly and 

unmarried women Veterans, while tailored interventions and education may help Black 

senior-aged women Veterans avoid obesity, diabetes and other high risk conditions. Clinical 

practice that carefully considers clusters of conditions may better serve the complex needs of 

senior-aged women Veterans.
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Translational Significance

The study informs the development of clinical practice guidelines and raises awareness 

among clinicians to address commonly co-occurring conditions so that treatments and 

outcomes may be optimized. Recommendations include that care for senior-aged women 

Veterans be tailored to recognize and address the identified combination of conditions; 

care teams of senior-aged women should also pay special attention to the risks of 

potential polypharmacy in the setting of multi-morbidity. Patients may benefit from 

targeted education to prevent or address co-occuring conditions. This study findings also 

indicate that initiatives specifically aimed at reducing risk of cardiovascular disease 

would be impactful for the senior-aged women Veterans. For those who are older and 

unmarried, benefit may be gained by efforts to increase their support network in order to 

maintain independence. Finally, for Black senior-aged women, may benefit from tailored 

intervention efforts aimed at avoiding diabetes and its related comorbid conditions.
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Figure 1. 
Six Diagnosis Classes among Senior-aged Women Veterans
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Table 1

Cohort Demographics for Senior-aged Women Veterans

Demo(N=38597)

Variable N %

Race

Caucasian/White 31050 88.45

African American/Black 3787 9.81

Other Racial Groups 878 2.27

Missing 2882 7.47

Marital status

Married 11505 29.81

Not married 26907 69.71

Missing 185 0.48

Age group

65–74 20886 54.11

75–84 9755 25.27

85 + 7956 20.61
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