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Abstract: Chronic diseases affect a disproportionate number of United States (U.S.) Veterans, caus-
ing significant long-term health issues and affecting entitlement spending. This longitudinal study
examined the health status of U.S. Veterans as compared to non-Veterans pre- and post-COVID
utilizing the annual Center for Disease Control and Prevention (CDC) Behavioral Risk Factor Sur-
veillance System (BRFSS) survey data. Age-adjusted descriptive point estimates were generated in-
dependently for 2003 through 2021, while complex weighted panel data were generated from 2011
and onward. General linear modeling revealed that the average U.S. Veteran reports a higher prev-
alence of disease conditions except for mental health disorders when compared to the non-Veteran.
These findings were consistent with both pre- and post-COVID, however, both groups reported a
higher prevalence of mental health issues during the pandemic years. The findings suggest that
there have been no improvements in reducing Veteran comorbidities to non-Veteran levels and that
COVID adversely affected the mental health of both populations.
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1. Introduction

United States (U.S.) Veterans have worse health outcomes than non-Veterans, even after adjust-
ing for age and other factors [1]. Previous studies have identified that obesity, diabetes, heart disease,
stroke, skin cancer, other cancer, and chronic obstructive pulmonary disease (COPD) are statistically
worse for Veterans than non-Veterans, even after age adjustment [1]. A 2017 study found that arthritis
was more prevalent in the Veteran community [2]. Additionally, Chronic Kidney Disease (CKD) is a
serious condition associated with kidney failure, cardiovascular disease, and increased probability of
mortality. Veterans have a higher prevalence of CKD, approximately one in six Veterans have CKD
as compared to one in seven Americans with CKD [3]. CKD risk factors include diabetes, high blood
pressure, age over 60 years, obesity, heart disease, and race (i.e. African American, Hispanic, Native
American, or Asian) [3]. Similarly, a retrospective study of 2006-2015 U.S. Military System data re-
vealed higher rates of CKD for older Veterans, Black race, and senior enlisted rank [4].

Mental health issues are also prevalent among Veterans. Approximately 43% of Veterans in a
large study experienced mental health issues including post-traumatic stress disorder (PTSD), de-
pressive disorders, or substance abuse [5]. Depression is a serious diagnosis that has been associated
with higher risks of mortality and morbidity [6]. Prior research on data from the 2005-2016 National
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Health and Nutrition Examination Surveys (NHANES) determined that the pooled prevalence of
depression in Veterans was higher in comparison to the prevalence of depression for non-Veteran
adults with at least one major depressive disorder reported in the National Survey on Drug Use and
Health [6]. Disparities in the prevalence of depression were identified in the NHANES study; females,
White Veterans, and Veterans with low-income levels or lower education levels had higher rates of
depression [6]. In general, Veterans have 1.5 times higher suicide rates than the general U.S. popula-
tion [7]. Additionally, Veterans with mental health issues are especially at risk for suicide when com-
pared to non-Veterans [6,8].

The chronic diseases and mental health conditions discussed in this paper not only affect a dis-
proportionate number of Veterans but are also known to cause significant long-term health issues
and negatively impact the U.S. economy. According to the Centers for Disease Control and Preven-
tion (CDC), expenses for individuals with chronic diseases and mental health conditions accounted
for 90% of the annual U.S. healthcare expenses [9]. In particular, heart disease and stroke cost the
healthcare system $216 billion per year and account for the majority (33%) of annual disease-specific
mortalities [9].

COVID-19 Impacts on Health

The impact of the COVID-19 global pandemic on the health and well-being of Veteran and non-
Veteran populations in the U.S. is still being studied. This phenomenon disrupted healthcare, and
access to services, caused social isolation, and created many other disturbances that impacted the
health of different populations. These issues disproportionately impacted those who are of racial/eth-
nic minorities, have lower socioeconomic status, have less education, and are veterans [10]. Some of
the newest research on Veterans has shown that COVID-19 inflicts post-traumatic stress disorder
(PTSD) among some Veterans [11]. Consequently, some Veterans resort to using alcohol and cannabis
according to a six-month follow-up survey during and after the COVID-19 pandemic [12]. Linjawi et
al. (2023) pointed out that the pandemic adversely affected cancer patients because of the shortage of
medical supplies, beds, and healthcare workers in hospitals [13].

As every illness does perhaps weaken the immunity to a disease, COVID-19 was no exception.
The co-morbidities associated with COVID-19 are recognized in the research literature. Notable co-
morbidities of COVID-19 include inflammatory lung or other organ injury [10,14,15]. The challenges
faced by health scientists include separating the influence of co-morbidities on COVID-19 or vice
versa. Khunti et al. (2023) illustrated that people with diabetes, in particular, experienced a dispro-
portionately increased risk of hospitalization and mortality due to COVID-19 [16].

To be specific, Resendes et al. (2023) explained the frailty of COVID-19, which is an age-related
syndrome for hospitalization [17]. Weaver et al. (2022) reported that one out of every six Veterans
who were diagnosed with COVID-19 was re-admitted to the hospital within 90 days [18]. The longer
the hospital stays, the greater the likelihood of re-admission especially when the Veteran had multi-
ple co-morbidities, smoked, or lived in an urban area. The Tsampasian et al. (2023) systematic review
and meta-analysis demonstrated that age, gender, and some comorbidities were associated with se-
vere COVID-19 [19]. McGuire et al. (2023) found that Veterans’ social isolation since COVID-19 be-
came significant and resulted in worse mental health outcomes [20]. Gujral et al. (2023) pursued the
impact of COVID-19 on Veterans’ suicide risk within the healthcare system [21]. Akhtar et al. (2023)
summarized that COVID-19 increased the risk for cardiovascular illness [22].

This research extends a previous study [1], which provided descriptive age-adjusted point es-
timates of the health status of U.S. Veterans versus non-Veterans for the years 2003-2019. This study
adds on the data for 2020 and 2021 to highlight any population differences that may have occurred
as a result of the global pandemic. As in the previous study, specific dependent variables of interest
included the reported prevalence of obesity, heart disease, stroke, skin cancer, other cancers, COPD,
arthritis, mental health, kidney disease, and diabetes. The CDC advises against combining data be-
fore 2011 due to changes in its Behavioral Risk Factor Surveillance System (BREFSS) survey [23], so the
inferential analysis was restricted to the combined surveys from 2011 through 2021. It was hypothe-
sized that prevalence rates for Veterans would be different from non-Veterans based on previous
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work [1], and we further hypothesized that some changes in prevalence would be seen pre and post-
COVID-19 for Veterans and non-Veterans.

2. Materials and Methods

BREFSS data sets from 2003 through 2021 provided by the CDC were analyzed. BRFSS is an an-
nual state-based and territory-based health survey that canvases adults over the age of 18 in the
United States, three US territories (Puerto Rico, US Virgin Islands, and Guam), and the District of
Columbia [24]. The survey relies on household and cellular telephone surveys of non-institutional-
ized adults. Approximately 400,000 surveys per year are conducted, and the survey is publicly avail-
able through the CDC [23,25,26]. These data sets provide information about chronic diseases in the
U.S. and use complex sampling methods requiring equally complex weighting schemes [23,25,26].

Data from 2003 through 2021 (the latest available year) was used to evaluate comparatively U.S.
Veteran versus non-Veteran disease prevalence. Of specific interest was the prevalence of obesity,
heart disease, stroke, skin cancer, other cancer, COPD, arthritis, mental health, kidney disease, and
diabetes. Further, we investigated whether there were prevalence changes for either or both groups
pre and post-COVID periods defined as before 2020 versus 2020 through 2021, the latest year of avail-
able data. Quasibinomial general linear models (GLM) investigated the effects of demographics, so-
cioeconomic factors geographic region, year, Veteran status, COVID-19 period, and the interaction
between COVID-19 and Veteran status.

Using the BRFSS sampling weights, age-adjusted disease prevalence was estimated for each year
individually from 2003 through 2021 to provide descriptive insight. The years 2011 through 2021
were then estimated together as a panel series. Previous years (2003 through 2010) were not used in
the panel series due to BRFSS sampling changes [23]. The 2003 through 2010 data are not directly
comparable to more recent data (e.g., 2011 through 2021) because of changes in the weighting meth-
odology and the addition of cell phone sampling. The pre-2011 surveys do provide the best available
point estimates for those years and are thus used for descriptive analysis (uncombined).

2.1. Sample

Table 1 provides the unweighted sample and the weighted population estimates for Veterans
and non-Veterans from 2011 through 2021. The unweighted data are the BRFSS data that were col-
lected with the phone surveys. When BRFSS surveys are conducted, some areas may not have good
survey coverage, may have a low response rate, or may exhibit variations in response rates. BRFSS
data-weighting adjusts for these conditions by making the total number of cases (i.e., survey re-
sponses) equal to the population estimates for each geographic region (state, territory, or district),
which in turn provides a more accurate representation of the population [24,26].

The total Veteran population estimate for all study years was 465,008,694 and the total non-
Veteran population estimate was 3,610,450,803. For all study years, an average of 11.41% of the pop-
ulation respondents identified as Veterans. The average percentage of Veterans represented in each
annual estimated population survey declined across the years from 13.62% in 2003 to 9.73% in 2021.
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Yea Non-Vet Population Vet Population %Vet-

Non-Vet Sample

Vet Sample (un- %Vet-

r (weighted) (weighted) eran (unweighted) weighted) eran
220 190,348,049 30,003,072  13.62% 228,159 36,525 13.80%
200 0 9

4 191,637,278 29,746,086  13.44% 260,982 42,840 14.10%
200

5 194,578,583 29,532,523  13.18% 305,107 51,005 14.32%
200

6 198,138,945 29,118,914  12.81% 304,989 50,721 14.26%
200

7 202,498,717 27,673,461  12.02% 370,990 59,922 13.91%
200

8 205,615,985 27,244,684  11.70% 358,433 56,076 13.53%
200

9 208,756,506 26,249,349  11.17% 374,909 57,698 13.34%
201

0 211,037,577 26,048,662  10.99% 390,643 60,432 13.40%
201

1 212,198,501 25,812,791  10.85% 441,873 64,59%4 12.75%
201

) 216,959,427 26,098,283  10.74% 415,817 59,870 12.59%
201

3 219,968,409 26,056,006  10.59% 430,268 61,505 12.51%
201

4 220,704,167 27,778,365  11.18% 402,544 62,120 13.37%
201

5 224,174,518 27,172,620  10.81% 383,614 57,842 13.10%
201

6 227,144,466 27,006,670  10.63% 422,384 63,919 13.14%
201

- 229,254,924 26,398,281  10.33% 392,148 57,868 12.86%
201

8 230,694,063 27,379,324  10.61% 381,382 56,054 12.81%
201

9 226,740,688 25,689,603  10.18% 365,038 53,230 12.73%
202

0 234,258,521 26,149,949  10.04% 353,737 48,221 12.00%
202

1 222,097,968 23,943,672 9.73% 386,175 52,518 11.97%
To- 3,610,450,803 465,008,694  11.41% 6,229,280 952,221 13.26%

tals
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Table 2. displays dependent variables, independent variables, and demographic, socioeco-
nomic, and graphic controls in the study. It also shows the coding and description for each variable.

Table 2. Variables in the Study.

Variable

Description

Overweight/Obese

Angina or coronary heart disease

Stroke
Skin cancer
Other cancer

COPD
Arthritis

Mental Health!

Kidney Disease?
Diabetes

Age

Race
Ethnicity
Gender
Marital Status

Income
Education
Employment

Division

Time

Veteran Status

COVID-19 Period

Dependent Variables
Body mass index greater than 25.00? 1=Yes, 0=Otherwise
Had angina or coronary heart disease? 1=Yes, 0=Otherwise
Had a stroke? 1=Yes, 0=Otherwise
Had skin cancer? 1=Yes, 0=Otherwise
Had any other types of cancer? 1=Yes, 0=Otherwise
Had C.O.P.D., emphysema or chronic bronchitis? 1=Yes,
0=Otherwise
Arthritis, rheumatoid arthritis, gout, lupus, or fibromyalgia?
1=Yes, 0=Otherwise
1= One or more days out of 30 of poor mental health, 0=Other-
wise
Had kidney disease? 1=Yes, 0=Otherwise
Had diabetes? 1=Yes, 0=Otherwise
Demographic Controls
Imputed age category: 1=18-24, 2=25-34, 3=35-44, 4=45-54,
5=55-64,6= 65+
1=Caucasian, 0=Otherwise
1=Hispanic, 0=Otherwise
1=Birth Sex Male, 0=Birth Sex Female
1=Married, 0=Otherwise
Socioeconomic Controls
Total household income: 1=$75 K+, 0=Otherwise
1=Graduated college or technical school, 0=Otherwise
1=Employed for wages, 0=Otherwise
Geographic Controls
1=New England, 2 = East North Central, 3 = East South Cen-
tral, 4 = Middle Atlantic, 5 = Mountain, 6 = Pacific, 7 = South
Atlantic, 8 = West North Central, 9 = West South Central, 10 =
Territories
Year, 2011-2021
Independent Variables
1=Active, Reserve, or National Guard in United States Armed
Forces, 0=Otherwise
0=Prior to 2020, 1=2020, 2=2021

!Includes depression, stress, emotions
2Not including kidney stones, bladder infection, or incontinence

2.2.1. Dependent Variables

For the dependent variables aside from ‘mental health’, respondents were provided the oppor-
tunity to respond ‘yes’, ‘'no’, and ‘do not know/not sure’, and some observations were missing or not
asked. The proportion missing for each of the dependent variables except for ‘overweight/obese’ sta-
tus was less than 1%. Approximately 10% of overweight/obese responses were missing. In all cases,
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the statistical mode was imputed for these variables. For the ‘mental health’ variable, respondents
were asked to self-report the number of days in the last 30 days that their mental health, which in-
cludes stress, depression, and problems with emotion, was not good. We recoded the mental health
variable to be dichotomous with ‘1" indicating that a respondent reported any number of days that
their mental health was not good and ‘0’ otherwise.

2.2.2. Independent Variables

The first independent variable, Veteran status, was coded identically for all years except for 2009.
Collapsing this variable to “yes’ and ‘other than yes” provided the consistency needed for analysis.
There were less than 1% of these responses that were blank whereas the blank responses were im-
puted with the modal response of non-Veteran.

The second independent variable, COVID-19, was a linear spline variable. For years prior to
2019, the value of the spline was zero. For 2020 and 2021, the values were 1 and 2 respectively. The
use of splines allows for a separate slope once an event has occurred. For example, assume that the
result of a GLMis Y =10 + 5 x COVID. Before 2020, the estimate for this model would be 10. For 2020,
and 2021, the estimates would be 15 and 20 respectively (a linear change). Thus, the spline allows for
a secondary slope associated with COVID.

Finally, an interaction term between COVID and Veteran status was included. This interaction
term helps differentiate effects based on Veteran versus non-Veteran status pre and post COVID-19.

2.2.3. Control Variables

Demographic Variables

Demographic control variables included categorical age and race variables as well as gender
(1=male, O=otherwise) and marital status (collapsed to 1=married, O=otherwise). Race was recoded to
two variables, race (1=Caucasian, 0=Otherwise) and ethnicity (1=Hispanic, 0=Otherwise). Age was
already an imputed variable with coded categories: 1=18-24, 2=25-34, 3=35-44, 4=45-54, 5= 55—64,6=
65+.

Socioeconomic Variables

Socioeconomic controls included income, education, and employment. All three were evaluated
as dichotomous variables. Income was coded as 1=$75,000 or more, O=otherwise. For education, the
coding was 1=college graduate, O=otherwise. Employment was recategorized as 1=employed for
wages (modal response), 0=otherwise.

Geographic Variable

One geographic control variable, ‘Census Division” was created for this study by collapsing
states into divisions. Specifically, we collapsed the BRFSS “State’ variable, based on Federal Infor-
mation Procession codes, into Census Bureau divisions as follows: 1=New England, 2 = East North
Central, 3 = East South Central, 4 = Middle Atlantic, 5 = Mountain, 6 = Pacific, 7 = South Atlantic, 8 =
West North Central, 9 = West South Central, 10 = Territories.

Time Variable

A variable (Year) provided a temporal measure for analyzing changes over time. We postulated
that linear effects might exist for the period analyzed (2011-2021).

2.3. Model and Methods
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2.3.1. Descriptive Models

For each dependent variable and each year, we built age-adjusted models percentages reported
by health condition by year and by Veteran status, to evaluate differences between Veteran and non-
Veteran reported health issues.

2.3.2. General Linear Models

Our study team also built a quasi-binomial general linear model using the 2011-2021 data. The
quasibinomial allows for non-integer binomial responses and adds a separate measure for dispersion
not totally measured by the binomial [27]. All analyses were conducted in R Statistical software using
epitools for age-adjustments and the survey package for applying complex weighting [28,29]. For the
unweighted data, logistic regression would have been appropriate. However, when the survey pack-
age weights are applied to the BRESS data for population estimation, the dichotomous dependent
variables could have fractional values. Thus, general linear models with a quasi-binomial link func-
tion from the R survey package were used for the weighted survey analysis because they allow frac-
tional values of integers.

3. Results

3.1. Descriptive Statistics

Table 3 presents the age-adjusted comparisons of all the dependent variables for Veterans and
non-Veterans by year and rolled up for years 2011 through 2021. The years 2003-2010 are displayed,
but as mentioned they cannot be combined due to changes in the BRFSS data-weighting and data
collection by the CDC. At the far right of Table 3, referencing the combined years in the Y11-21 col-
umn, we see that for this period Veterans had higher rates of self-reported obesity (71% vs 60%),
diabetes (19% vs 16%), heart disease (12% vs 7%), stroke (6% vs. 5%), skin cancer (17% vs 12%), other
cancers (13% vs 12%), COPD (10% vs 9%), and kidney disease (5% vs 4%).

Both groups have the same age-adjusted percentages for arthritis (37%) for the combined years
in the Y11-2, but the mental health (depression) rates were lower for Veterans (31% vs. 38%). Indeed,
the mental depression rates were lower for Veterans for each year in this analysis. A review of the
age-adjusted table values indicates that the trends for the variables across the years 2003 to 2021 show
little variance.

Of interest is that mental health issues (depression) for both groups slowly increased between
2019 and 2021, the years of COVID-19. (COVID-19 began in November 2019, meaning that two survey
months were included in the BRFSS responses for that year). Before 2019, the percentage of Veterans
and non-Veterans reporting mental health issues was 30.06% and 36.50%, respectively. From 2019
onward, the percentages increased to 34.25% and 40.75%, respectively.
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Table 3. Age-adjusted percentages reported by health condition by year by Veteran status. 2

Overweight/Obese Non-Vet 0.56 0.57 0.58 0.58 0.59 0.60 0.60 0.61 0.60 0.60 0.60 0.59 0.59 0.59 0.59 0.60 0.60 0.59 0.59 0.60

Overweight/Obese Vet 0.70 0.70 0.70 0.71 0.72 0.73 0.73 0.73 0.73 0.72 0.72 0.72 0.71 0.71 0.71 0.72 0.71 0.70 0.71 0.71

Diabetes Non-Vet 0.11 0.12 0.13 0.13 0.14 0.14 0.14 0.14 0.15 0.15 0.16 0.16 0.16 0.17 0.17 0.17 0.17 0.17 0.17 0.16
Diabetes Vet 0.13 0.13 0.14 0.15 0.16 0.15 0.16 0.16 0.18 0.18 0.18 0.18 0.19 0.19 0.19 0.20 0.19 0.20 0.19 0.19
Heart Disease Non-Vet 0.08 0.08 0.08 0.08 0.07 0.08 0.08 0.08 0.08 0.08 0.07 0.08 0.07 0.07 0.07 0.07 0.07 0.07
Heart Disease Vet 0.13 0.14 0.13 0.14 0.13 0.14 0.13 0.13 0.13 0.13 0.12 0.12 0.12 0.12 0.11 0.12 0.11 0.12
Stroke Non-Vet 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Stroke Vet 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.06 0.06 0.06

Skin Cancer Non-Vet 0.11 0.11 0.11 0.11 0.12 0.11 0.12 0.12 0.12 0.12 0.12 0.12
Skin Cancer Vet 0.16 0.16 0.16 0.17 0.17 0.16 0.17 0.17 0.18 0.16 0.18 0.17
Cancer Non-Vet 0.11 0.11 0.11 0.11 0.12 0.11 0.12 0.12 0.12 0.12 0.12 0.12
Cancer Vet 0.13 0.12 0.13 0.12 0.13 0.13 0.14 0.14 0.14 0.15 0.14 0.13
COPD Non-Vet 0.08 0.08 0.08 0.09 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.09
COPD Vet 0.09 0.09 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.12 0.11 0.10
Kidney Disease Non-Vet 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.04
Kidney Disease Vet 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.06 0.05 0.05
Arthritis Non-Vet 0.37 0.38 0.38 0.39 0.37 0.38 0.37 0.38 0.37 0.37 0.37 0.37
Arthritis Vet 0.36 0.38 0.37 0.37 037 0.38 0.37 0.39 0.37 0.38 0.39 0.37
Mental Health Non-Vet 0.37 0.37 0.36 0.37 0.36 0.36 0.36 0.36 0.37 0.37 0.35 0.35 0.36 0.36 0.38 0.39 0.41 0.40 0.44 0.38
Mental Health Vet 0.31 0.31 0.30 0.30 0.28 0.30 0.30 0.30 0.30 0.30 0.29 0.29 0.30 0.30 0.31 0.32 0.35 0.33 0.38 0.31

Veterans>Non-Veterans, Veterans<Non-Veterans

3.2. General Linear Model, 2011 through 2021
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Table 4 displays the quasibinomial General Linear Models (GLM) for each of the dependent variables with indicator variables for the years 2011-2021.
For the GLM, the dependent variables were the disease processes and mental health status, there was one GLM generated for each of these co-morbidities.
GLM results show the odds ratios for the control variables (demographic, socioeconomic, and geographic), Veteran status, and year the data were collected.
The control variables increase the internal validity by limiting the effect of extraneous variables associated with the co-morbidities and with geographic
location (e.g. culture).

Table 4. Results of the Quasibinomial General Linear Models (Odds-Ratios).

Overweight / Heart Disease Stroke Skin Cancer Cancer COPD Arthritis Mental Kidney Dis-

Obese Health ease Diabetes

Variable.

Age 25-34 1963 ™ 2.026 - 2.578 ™ 1473 ™ 2600 ™ 1882 * 2892 ™ 0883 ™ 1782 ™ 2347 ™

Age 35-44 2710 ™ 4.448 . 5.428 3599 ™ 4315 ™ 2959 ™ 6302 ™ 0782 ™ 2833 ™ 6722 ™
Age 45-54 3162 ™ 11200 ™ 10399 ™ 8612 ™ 7.784 ™ 4921 ™ 13.042 ™ 0.675 ™ 4345 ™ 15096 ™
Age 55-64 3418 ™ 20837 ™ 14997 ™ 15928 * 12863 ™ 6.691 * 22.034 ™ 0526 ™ 6.017 ™ 24804
Age 65+ 2993 ™ 31346 ™ 18,687 ™ 33.689 * 22158 ™ 5923 * 27962 ™ 0.261 ™ 7816 ™ 30.104
Caucasian 0970 ™ 1.152 - 0.765 6467 ™ 1370 ™ 1317 ™ 1218 ™ 1267 ™ 0868 ™ 0598 ™
Hispanic 1172 ™ 0.900 . 0.667 1255 ™ 0840 ™ 0674 ™ 0704 ™ 0871 ™ 1.034 N 1031 .
Male 1.812 ™ 1.682 . 1.095 *1.049 ™ 0637 ™ 0823 ™ 0658 ™ 0627 ™ 0968 * 1.214 ™
Married 1.062 ™ 0.865 . 0.711 . 1.090 ™ 0954 ™ 0644 ™ 0854 ™ 0674 ™ 0831 ™ 0941 ™
Income>$75K 1.102 ™ 0.768 " 0.592 ® 1185 ™ 0957 ™ 0529 ™ 0810 ™ 0882 ™ 0759 ™ 0708 ™
College Grad 0.689 ™ 0.746 " 0.646 ® 1256 ™ 1015 * 0470 ™ 0681 ™ 098 ™ 0799 ™ 0.658 ™

Wage Em-

1.199 ™ 0.476 - 0.356 0768 ™ 0653 ™ 0471 ™ 0627 ™ 0776 ™ 0472 ™ 0677 ™
ployee

Region 2 1.104 ™ 1.235 - 1.289 1450 ™ 1.030 * 1305 * 1170 ™ 0917 ™ 1.044 -~ 1.220 ™
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Region 3 0.804 ™ 1.006 NS 0.871 *0.969 * 0977 + 0882 ™ 0892 ™ 0920 ™ 0855 ™ 0926 ™
Region 4 0797 ™ 0.814 " 0.878 1465 ™ 0977 * 0843 ™ 0858 ™ 1001 N 1034 + 0832 ™
Region 5 0773 ™ 0.897 - 0.824 = 1.062 ™ 1.025 * 0861 * 0893 ™ 0971 ™ 0865 ™ 0872 ™
Region 6 0.752 ™ 0.847 - 0.855 1403 ™ 0995 N 0783 ™ 0796 ™ 1.060 ™ 0950 ° 0869 ™
Region 7 0881 ™ 1.032 * 1.027 * 1534 ™ 0986 N 1,020 + 0913 ™ 0871 ™ 1.008 N 0992 NS
Region 8 1.026 + 1.927 - 0.583 0853 ™ 0941 * 0821 ™ 1.017 N 0550 ™ 0773 ™ 0961 .
Region 9 0976 ™ 0.927 . 0.963 * 1.061 ™ 0984 N 0859 ™ 0858 ™ 0847 ™ 0875 ™ 0935 ™
Region 10 0973 * 1.050 - 1.099 1275 ™ 0972 * 0973 + 0883 ™ 0887 ™ 1.044 + 1.074 ™
Year 0998 0.984 " 1.021 = 1.004 7 1.005 *~ 1013 ™ 0997 * 1012 ™ 1.030 ™ 1.016 ™
Veteran 1.261 ™ 1.337 " 1.277 = 1308 ™ 1481 * 1339 ™ 1253 ™ 0992 N 1124 ™ 1112 ™

COVID 1.006 * 0.993 NS 0.972 * 0987 * 099 + 0972 ™ 0989 * 1.069 ™ 0955 ™ 0.988 *

Vet-

0.986 + 0.986 NS 0.978 NS 1.016 + 1.011 N 1056 ™ 1.035 ™ 0.995 N 1,049 *~ 0.992 NS
eranxCOVID

*p<0.001, “p<0.01, p<0.05, *p<0.10, NS=not significant
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3.2.1. Veteran Status

Odds ratios (OR) greater than 1.0 may indicate the disease/event/illness is more likely to occur
for any respondents in that category, and OR less than 1.0 may indicate it is less likely to occur, de-
pending on statistical significance. Examining the variable ‘Veteran’ in Table 4, we see that Veterans
have higher odds of having every health condition in the table when compared to non-Veterans ex-
cept for mental health disorders which are not significantly different from that of non-Veterans. Spe-
cifically, the odds ratio for mental health is 0.992 These results agree with the age-adjusted percent-
ages by health condition by year (Table 3) which indicate the self-reported percentages for depression
were lower for Veterans when compared to non-Veterans.

3.2.2. COVID Spline

Further, the pre-post COVID-19 splines suggested mixed effects across the dependent variables.
Specifically, obesity/overweight and mental health issues had statistically significant OR that were
greater than 1.0 (1.008 and 1.069, respectively). Stroke, skin cancer, cancer, COPD, arthritis, kidney
disease, and diabetes had statistically significant OR less than 1.0. The spline was not significant for
heart disease.

3.2.3. Interaction between Veteran Status and pre/during COVID-19

When considering the interaction between the COVID-19 spline and Veterans, Veterans were
less likely than non-Veterans to report obesity/overweight during COVID-19. Veterans were, how-
ever, more likely during COVID-19 to report skin cancer, cancer, COPD, arthritis, and kidney disease.

3.2.4. Control Variables

Table 4 also displays results for the socioeconomic, demographic, geographic, and temporal con-
trol variables. Results indicate that the odds of obesity, heart disease, stroke, skin cancer, other can-
cers, COPD, arthritis, kidney disease, or diabetes, generally increase with age (see Figure 1). Con-
versely, the risk of mental health disorders declines. Caucasians had higher risks of having heart
disease, skin cancer, other cancers, COPD, and arthritis and lower risks of all other diseases. His-
panics had higher odds for overweight/obesity, skin cancer, and diabetes. Males were more likely to
report overweight/obese status, heart disease, stroke, skin cancer, and diabetes. Married individuals
were more likely to report being overweight/obese and report skin cancer.
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Odds Ratios by Age Group

35.000
30.000
25.000
20.000
15.000
10.000
0.000
Age 25-34 Age 35-44 Age 45-54 Age 55-64 Age 65+
e Overweight / Obese =====Heart Disease Stroke
Skin Cancer e CaNCer e COPD
e Arthritis == idney Disease == Diabetes

Figure 1. Odds Ratios by Disease by Age Group (excludes Mental Health).

Those with income greater than $75,000 were more likely to report being obese/overweight sta-
tus and having skin cancer. College graduates were more likely to report skin cancer or other cancers.
Wage employees were more likely to report being obese/overweight.

Large regional variations existed for each dependent variable (Region 1=referent group). Region
2 had the highest odds for overweight/obesity, stroke, cancer, COPD, arthritis, kidney disease (tied
with Region 10), and diabetes. Region 8 had the highest odds of heart disease, while Region 7 had the
highest odds of skin cancer. For mental health issues, Region 6 had the highest odds ratio.

Odds ratios for all years were greater than 1.0 for stroke, skin cancer, cancer, COPD, mental
health disorders, kidney disease, and diabetes for the Veterans. For obesity/overweight status and
arthritis, odds ratios were lower than 1.0 for the Veterans.

4. Discussion

This longitudinal study aimed to update the health status of U.S. Veterans from 2003 to 2021
when compared to non-Veterans and include data from years of the COVID-19 pandemic. The results
show overall Veterans have higher odds of all investigated morbidities other than mental health dis-
ease. Conversely, odds of diseases during COVID-19 were lower for all morbidities with the excep-
tion of mental health. The reason for these lower odds is unknown but may be attributable to de-
layed health care and discovery of these morbidities. Mental health issues associated with COVID-19
are well known, and the higher odds ratio is expected. These results agree with previous studies that
found Veterans have a lower health status than non-Veterans [1-6].

The interaction between Veteran status and the COVI1D-19 spline produced some interesting
results. Obesity/overweight, skin cancer, COPD, arthritis, and kidney disease odds ratios, while still
higher for Veterans overall changed at a lower rate than that of non-Veterans. Prior to COVID-19,
Veterans had 1.261 to 1.000 odds of reporting obesity/overweight status. During 2020, those odds
reduced to 1.251 to 1.000 after accounting for the interaction effect. Similarly Veteran to non-Veteran
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odds ratios prior to COVID-19 for skin cancer, COPD, arthritis, and kidney disease were 1.311, 1.352,
1.259, and 1.135, respectively. These odds changed to 1.309, 1.409, 1.316, and 1.142 in 2020. No other
significant interactions were detected.

The results also illustrate that odds of the reporting investigated diseases generally increase with
age (until age 65+ where obesity/overweight status and COPD decline) with the exception of mental
health odds. These odds decrease nearly linearly (from 0.884 to 0.261) by age group. Caucasians
report higher odds versus other groups of all investigated morbidities other than obesity/overweight
status, stroke, kidney disease, and diabetes. Hispanics reported lower odds of heart disease, stroke,
cancer, COPD, arthritis, and mental health disorders. Males reported higher odds ratios for cancer,
arthritis, mental health disorders, and kidney disease. Those reported being married were associated
with lower odds in every category with the exception of obesity/overweight status and skin cancer.

With the exception of overweight/obesity status, those making more than $75,000 per annum
had lower odds of morbidities. The same finding held for those who were wage employees versus
self-employed, unemployed, or other status. With the exception of cancer, college graduates also had
lower odds of morbidities.

Geographic effects were mixed. Region 2 had higher odds of all morbidities other than mental
health disorders versus Region 1. Region 3 had universally lower odds than Region 1. Temporal ef-
fects were also mixed, and the effect sizes were small (odds ratios between 0.983 and 1.026).

This study has one major limitation that requires explication. BREFSS data are self-reported,
thus they may not be as accurate as measured data (i.e. clinical observations). Moreover, respondents
may exhibit bias by over or under-reporting on self-rating questions. Some respondents may not feel
comfortable reporting their true depression levels because of social or job related concerns.

Limitations

One limitation of this study is that BRFSS data are self-reported thus it is not as accurate as
measured data (i.e. clinical observations). Moreover, respondents may exhibit bias by over or under-
reporting on self-rating questions. Some respondents may not feel comfortable reporting their true
depression levels because of social or job-related concerns. In the absence of the true values, whether
the under or over-reporting by the respondents is not quite confirmed.

5. Conclusions

Overall, Veterans continue to experience disproportionely higher odds of obesity/overweight
status, heart disease, stroke, skin cancer, cancer, COPD, arthritis, kidney disease, and diabetes. Vet-
erans do, however, report lower rates of mental health disorders. COVID-19 did not materially affect
the higher odds that Veterans experienced for all morbidities except for mental health. These find-
ings continue to suggest that there still exists a lack of effective interventions for the Veteran popula-
tion from public agencies such as the U.S. Veteran’s Administration (VA), and private organizations
serving Veterans (e.g. Veterans of Foreign Wars, American Legion).
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