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Abstract  
Some research shows that physical activity levels are low among veterans, but research gaps exist 
specifically in regards to promoting physical activity in veterans with multiple morbidities. For the 
present study, we retrieved data from the 2015 Behavioral Risk Factor Surveillance System 
(BRFSS). The study sample included 57,842 military service members and veterans. We carried out 
a mediation analysis to determine the effect of social support on the relationship between multiple 
morbidities and aerobic physical activity. Social support partially mediated the relationship between 
the presence of multiple morbidities and aerobic physical activity, 𝛽"𝛽# = -0.003, [95% CI = -0.007, -
0.001]. Programs aimed at facilitating adequate social support among service members and veterans 
with multiple morbidities may increase their uptake of aerobic physical activity, and thus, decrease 
concomitant risk for health-related disorders.  
 
Keywords: Military Veterans, Military Veteran Health, Physical Activity, BRFSS, Military Veteran 
Morbidity, Mediation Analysis 

Background  
According to the United States (U.S.) Department of Labor, there are approximately 2.2 million 
service members (~ 1% of the population), and 21.2 million veterans (~ 9% of the population) living 
in the United States. Service members and veterans (SMVs) experience mental and physical health 
disorders at rates higher than those who have not served in the military (Wilcox, Finney, & 
Cederbaum, 2013). For example, Kemp and Bossarte (2012) found that veterans were twice as likely 
to commit suicide when compared to non-veterans. Additionally, veterans were more likely than non-
veterans to report two or more chronic health conditions during the 2007-2010 National Health 
Interview Survey (U.S. Centers for Disease Control and Prevention [CDC], 2012).  
 Whereas most SMVs are thought to possess resilience – the capacity to recover or bounce back 
from life’s challenges (Ginsburg, 2006) – it can be helpful to consider the role that risk factors such as 
deployment to a combat zone, age, prior mental health or trauma history, military status, and 
adjustment challenges (Cederbaum et al., 2013) play in mental, physical, and co-morbid health 
disorders in this population over the lifespan. Additionally, it may be beneficial to improve 
understanding of the extent to which perceptions of instrumental, emotional, or relational support 
that serve as protective factors (Nock et al., 2013) moderate morbidity risk.  
 Because it is difficult to generalize the pathogenesis or etiology of mental and physical health 
disorders among SMVs (Fletcher, Albright, Rorie, & Lewis, 2017), it may be useful to apply a public 
health or epidemiologic disparity approach when considering specific problems of at-risk populations, 
as well as factors that contribute to morbidity or resilience. Several population segments with current 
or past military affiliation experience higher rates of drop-out in higher education, homelessness, and 
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incarceration (Fletcher, Mankowski, & Albright, 2018). Barriers that negatively impact military-
affiliated individuals’ ability to seek support may be veteran-specific (e.g., attitudes about mental 
health treatment; Teasley, Gourdine, & Canfield, 2010), military-specific (e.g., limits to 
confidentiality; Hoyt, 2013), systems-of-care-specific (e.g., long wait times; RAND, 2016), or 
combinations of these and other factors. Facilitators that promote health include targeted efforts to 
increase access to, and improve social support among military-affiliated populations (Turchik & 
Wilson, 2010; Veterans Health Administration [VHA] Office of Health Equity, 2013).  
 Another way to conceptualize health among military-affiliated populations is through the study 
of health behaviors. To date, few studies have examined the prevalence of health behaviors – physical 
activity in particular – in SMV cohorts (Caddick & Smith, 2014). Littman, Forsberg, and Koepsell 
(2009) showed that only a minority of veterans met physical activity guidelines in 2003; however, the 
effect of comorbid conditions was not considered, nor was the role of social support. In the present 
study, the research team attempted to determine the influence of social support on meeting 
recommendations for weekly aerobic physical activity – defined as “activity in which the body’s large 
muscles move in a rhythmic manner for [150 minutes per week]” (CDC, 2015, para. 2) – among 
veterans with multiple morbidities of depression, coronary heart disease, and diabetes. We were 
particularly interested in examining the extent to which social support mediates the relationship 
between the existence of multiple morbidities and aerobic physical activity.  
 

Methods  
Study Design and Sample 

The team obtained secondary data for this cross-sectional study from the 2015 Behavioral 
Risk Factor Surveillance System (BRFSS). The BRFSS includes a national telephone survey 
initiated by the U.S. Centers of Disease Control and Prevention (CDC) that monitors chronic 
conditions, health-related behaviors, and utilization of preventive services (CDC, 2017). Additional 
details about the survey methods and data collection process used by the CDC for the BRFSS are 
published elsewhere (CDC, 2017). The sample for the present study included participants who 
indicated that they had served on activity duty in the U.S. Armed Forces – in the regular military, the 
National Guard, or a military reserve unit (n = 57,842).  

 
Measures 
 Control Variables. Thirteen age categories in five-year intervals beginning at 18 years old 
were used to assess age. Sex was measured as either male or female. Race was assessed according to 
the following categories: White, Black or African-American, American Indian or Alaskan, Asian, 
Native Hawaiian or other Pacific Islander, other race, no preferred race, or multiracial.  

Annual household income was assessed in eight categories, listed on the BRFSS survey as: < 
$10,000, $10,000 to $14,999, $15,000 to $19,999, $20,000 to $24,999, $25,000 to $34,999, $35,000 to 
$49,999, $50,000 to $74,999, and ≥ $75,000. Educational attainment was measured with six ascending 
categories: never attended school, completed 8th grade, completed 11th grade, completed high 
school, completed some college or technical school, and completed a four-year degree.  
 Study Variables. Of interest in the present study were relationships among the following 
three variables: the existence of multiple morbidities, social support, and engagement in the 
recommended amount of aerobic physical activity. To measure the existence of multiple morbidities 
among SMVs – operationalized as depressive disorder, coronary heart disease, and diabetes – we 
aggregated responses to the following questions among SMVs so long as the participant answered 
“yes” to all three: (1) ever told that you have a depressive disorder, including depression major 
depression, dysthymia, or minor depression; (2) ever told you had angina or coronary heart disease; 
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and (3) ever told you have diabetes. However, women who indicated that they had diabetes only 
during pregnancy were not coded as having diabetes.   
 Social support was measured with the following question: How often do you get the social and 
emotional support you need? Response options included: “always,” “usually,” “sometimes,” “rarely,” or 
“never.” The final study outcome was aerobic physical activity, measured as whether or not the SMV 
met or exceeded the aerobic physical activity recommendation of 150 minutes per week. Respondents 
were excluded from the inferential analysis if: (a) their response to a particular question was left 
blank; (b) they refused to answer the question; or (c) if they indicated that they were not sure. The 
final sample included 2,466 SMVs.   
 
Data Analysis 

The research team calculated descriptive statistics (frequencies and percentages) for all study 
variables. In addition, we carried out mediation analysis, according to procedures described by Baron 
and Kenny (1986), so as to determine the effect of social support on the relationship between 
multiple comorbid conditions and engagement in aerobic physical activity. Baron and Kenny suggest 
that three regression models must be generated to demonstrate mediation. First, a model (Equation 
1) is generated to estimate the impact of the independent variable (X) on the mediating variable (M). 
A second model (Equation 2) is generated to determine the effect of X on the dependent variable (Y). 
Finally, a third model (Equation 3) is generated to determine the impact of the X and the M on the 
Y. The following conditions must be met with the three models for perfect mediation to be evident: 
(a) there must be a statistically significant relationship between X and M in the first model; (b) there 
must be a statistically significant relationship between X and Y in the second model; and (c), in the 
third model, the M, but not the X, must be a statistically significant predictor of the Y.  

Because the Y variable in our study was nominal in scale and the residuals in Equation 1 
followed a normal distribution following a bootstrapping procedure with 1,000 resamples – a 
technique that permits the creation of a sampling distribution that lends to parametric analysis – 
(Freedman, 1981), logistic regression was needed for Equation 2 and Equation 3, and Ordinary 
Least Squares (OLS) regression was needed for Equation 1 (Long, 2008). To make coefficients 
comparable across equations and to permit the calculation of the indirect effect, we applied 
MacKinnon and Dwyer’s (1993) adjustment to all regression coefficients. 

𝑀%& = 	𝛽)& + 	𝛽"	𝑋%&                                                            (1) 

𝑙𝑛 .
/0.

= 	𝛽)& + 	𝛽1	𝑋%&                                                        (2) 

𝑙𝑛 .
/0.

= 	𝛽)& + 	𝛽12	𝑋%& + 	𝛽#	𝑀%&                                              (3) 

 To test the mediating effect of social support (M) on the relationship between the presence of 
multiple morbidities (X) and engagement in recommended amounts of aerobic physical activity (Y) 
among SMVs, the three previously described regression models were generated. Five variables were 
included as control variables in each equation: age, sex, race, income level, and education level. Bias 
Corrected (BCa) 95% confidence intervals based on 1,000 resamples were generated in all models to 
increase the precision of estimates (Efron & Tibshirani, 1986). The indirect effect in the mediation 
analysis, which specifies the amount of mediation in the model, was tested for statistical significance 
with MacKinnon, Lockwood, and Williams’ (2004) Monte Carlo Method for Assessing Mediation 
(MCMAM). In the MCMAM approach, “a sampling distribution of 𝛽"𝛽# is formed by repeatedly 
generating 𝛽" and 𝛽# and computing their product … [and] percentiles of this sampling distribution 
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are identified to serve as limits for a 100(1 – 𝛼)% asymmetric confidence interval” (Preacher & Selig, 
2012, p. 83).  

Results 
Table 1 (below) reports the demographic information for the study sample. A greater 

percentage of SMVs included in the study were ≥ 60 years of age than below age 60. Furthermore, 
descriptive results showed that most SMVs included in the study were white men with incomes ≥ 
$25,000 per year. Whereas there was some variation in educational attainment, over half of the study 
sample had completed at least some college.  

Table 1 
Demographic characteristics of the study sample (n = 2,466) 
Variable Frequency (n) Percent (%) 

Age  

28 1.100 
54 2.200 
40 1.600 
46 1.900 
73 3.000 

104 4.200 
143 5.800 
182 7.400 
261 10.600 
505 20.500 
375 15.200 
274 11.100 

18 – 24 Years
25 – 29 Years 
30 – 34 Years 
35 – 39 Years 
40 – 44 Years 
45 – 49 Years 
50 – 54 Years 
55 – 59 Years 
60 – 64 Years 
65 – 69 Years 
70 – 74 Years 
75 – 79 Years 

80 or Older  365 14.800 

Male 
Female 

2257 91.500 
209 8.500 

Race 
2317 94.000 

44 1.800 
27 1.100 

4 0.200 
1 0.100 

31 1.300 
4 0.200 

White
Black or African-American 

American Indian or Alaskan Native 
Asian 

Native Hawaiian or Pacific 
Islander Other Race 

No Preferred Race 
Multiracial 

 0 0.000 
Income 

51 2.100 
67 2.700 

109 4.400 
166 6.700 
265 10.700 
377 15.300 
439 17.800 

< 10,000 USD
10,000 – 14,999 

USD 15,000 – 19,999 
USD 20,000 – 24,999 
USD 25,000 – 34,999 
USD 35,000 – 49,999 
USD 50,000 – 74,999 

USD ≥ 75,000 USD  701 28.400 

Sex
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2 0.100 
29 1.200 
73 3.000 

661 26.900 

Never Attended School 
Completed Grade Eight 

Completed Grade Eleven 
Completed High School 

Some College or Technical School 
Completed Four-Year Degree 

802 32.600 
892 36.300 

Table 2 (below) reports the descriptive results for the main study variables. Regarding mental 
health conditions, approximately 1 in 6 SMVs reported having a depressive disorder. Regarding 
physical health conditions, approximately 1 in 8 SMVs reported having coronary heart disease 
(CHD), and approximately 1 in 5 SMVs reported having diabetes. Whereas more than half of the 
persons in the study sample reported always getting needed social support, over 10% indicated that 
they either rarely or never receive social support. Finally, 42% of SMVs did not meet the 150 minutes 
per week recommendation for aerobic physical activity. 

Table 2 
Descriptive results regarding multiple morbidities, social support, and physical activity among service members and 
veterans  
Variable Frequency (n) Percent (%) 
Depressive Disorder 

Yes 2067 84.800 
386 15.700 

Coronary Heart Disease 
Yes 2155 87.400 

Diabetes 286 11.600 
No 

1960 79.500 
434 17.600 

2439 98.900 
22 0.900 

Always 
Usually 

1437 58.300 

Sometimes 
547 22.200 

Rarely 
229 9.300 

95 3.900 
Never  158 6.400 

No 1029 41.700 
Yes 1370 55.600 

*PA = Physical Activity

Table 3 (below) shows the results of the mediation analysis. Three regression models were 
generated to determine whether social support mediated the relationship between the presence of 
multiple morbidities and engagement in recommended amounts of aerobic physical activity among 
SMVs in 2015. The results of model 1, where M was regressed on X, showed that SMVs with 
multiple morbidities were less likely to receive sufficient social support. The results of model 2, where 
Y was regressed on X, showed that SMVs with multiple morbidities were less likely to engage in 

Education

No

No

Yes

Emotional Support

Met PA* 
Recommendation

No
Yes

Multiple Morbidity
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recommended amounts of aerobic physical activity. Lastly, model 3, where Y was regressed on X and 
M, showed that both X and M were both statistically significant predictors of aerobic physical 
activity. In model 3, social support was negatively associated with aerobic physical activity, indicating 
that SMVs who failed to receive the social support that they needed were less likely to engage in 
recommended amounts of aerobic physical activity. To the extent that X remained statistically 
significant after controlling for M, the hypothesized model exhibited partial mediation. The indirect 
effect, however, was still statistically significant based on the MCMAM approach with 20,000 
resamples, 𝛽"𝛽# = -0.003, [95% CI = -0.007, -0.001]. Therefore, the proportion of the direct effect 
that was mediated was 5.17%.  

Table 3 
The mediating effect of social support on the relationship between the presence of multiple morbidities and physical activity 

1a 2a 3a

𝑿	 → 𝑴 𝑿	 → 𝒀 𝑿,𝑴 → 𝒀
b (SE) b (SE) b (SE) 

Multiple Morbidities (X)b 0.034 (0.014) * -0.058 (0.028) * -0.053 (0.028) *
Social Support (M)b, c -0.103 (0.026) *
Intercept 3.278 (0.231) * -1.292 (0.413) * -0.769 (0.423)
Control Variables 

Age 0.001 (0.009) * 0.042 (0.017) * 0.042 (0.016) *
Sex -0.071 (0.079) 0.044 (0.165) 0.031 (0.165) 

Raced -0.020 (0.139) 0.336 (0.225) 0.333 (0.236) 
Income -0.140 (0.016) * 0.113 (0.026) * 0.092 (0.001) *

Education -0.108 (0.032) * 0.026 (0.053) 0.008 (0.052) 

F or 𝜒: 28.167 35.383 51.875 
p < 0.001 < 0.001 < 0.001 

𝑅: or Nagelkerke 𝑅: 0.073 0.022 0.033 
a Unstandardized regression coefficients are shown for each model 
b MacKinnon and Dwyer’s (1993) comparable coefficients and SE’s are shown 
c Social support outcomes were coded thusly: Always = 1, … Never = 5 
d Recoded as White = 1, Non-White = 0, due to low representation among Non-White races 
* Statistically significant beta based on a bootstrapped BCa 95% CI with 1000 resamples

Figure 1. Unstandardized regression coefficients for the mediating effect of social support on the relationship 
between the presence of multiple morbidities and aerobic physical activity. Asterisks indicate statistical 
significance based on a bootstrapped (with 1,000 resamples) 95% bias corrected confidence interval. The 
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unstandardized regression coefficient between multiple morbidities and aerobic physical activity, without 
controlling for social support, is in parentheses. 
 

Discussion 
Our findings suggest that social support may explain engagement in recommended amounts of 

aerobic physical activity among SMVs with multiple morbidities. Social support may increase 
motivation for aerobic physical activity (Newsom, Shaw, August, Strath, & Foley, 2016). Moreover, 
engaging this population in aerobic physical activity may reduce the risk for suicide (a potential 
outcome of depression), heart attack (a potential outcome of CHD), or retinopathy (a potential 
outcome of diabetes) – as aerobic physical activity has been shown to be protective against each of 
these problems (Gutierrez, Davidson, Friese, & Forster, 2016; Kokkinos et al., 2010).   

Programs are readily available to SMVs; however, access may be a concern for veterans who 
no longer are on active duty. Whereas current military members generally partake in physical 
training in a group setting, veterans who are separated from the military may lose some of their esprit 
de corps, and consequently, lack the individual motivation to maintain an active lifestyle (Thomas & 
Plummer Taylor, 2015). The Veterans Administration (VA) has implemented the MOVE program to 
provide support for weight control via proper nutrition and exercise (U.S. Department of Veterans 
Affairs, 2017). Unfortunately, a limitation of the MOVE program is access. Many of the program 
offerings are at regional VA facilities, making attendance less convenient for veterans living in rural 
or remote areas. Although the VA now has implemented a mobile phone-based lifestyle-coaching 
MOVE application (app), older veterans may not access phone apps to the extent that their younger 
counterparts do. Therefore, it is unclear if this mHealth-based program will have a notable impact on 
veterans’ health behavior.  

Veterans are often categorized by the conflict eras (Thomas et al., 2015) that characterize 
social and services/policy conditions during their respective years of service (i.e., Korean era, 
Vietnam era, Operation Enduring Freedom [OEF] and Iraqi Freedom [OIF] era veterans). Pietrzak 
et al. (2010) found veterans of OEF and OIF with unit support and post-deployment social support 
were less likely to experience post-traumatic stress disorder (PTSD) and depression. At the time of 
this study, Vietnam era veterans were considered “older” era veterans. Because the application of 
post-deployment social support is a relatively new phenomenon (U.S. Department of Veterans 
Affairs, 2014), older era veterans may not have been exposed to it or debriefed about it. Boscarino 
(1995) found that Vietnam era veterans were more likely to experience PTSD, depression, and drug 
use, and suggested that the absence of social support should not be overlooked as a possible cause for 
these post-deployment issues. A 2007 report from the U.S. military discussed the importance of 
“Battlemind Psychological Debriefings” and its importance for reintegration into society for combat 
veterans (Adler, Castro, & McGurk, 2007). Whereas such debriefings are now a common practice, 
older era veterans are still less likely to have experienced them or been connected to any 
recommended therapeutic or ongoing social support (Weiner, Monin, Mota, & Pietrzak, 2016).  

Our study has several limitations that should be considered. First, the age distribution for 
respondents in the present study was negatively skewed, indicating that a large percentage of military 
veterans in our study were above the age of 60. To the extent that older age has been shown to be a 
risk factor for the comorbid chronic conditions examined in this study (Booth et al., 2006), the 
findings may not be generalizable to younger active duty service members. Also, the cross-sectional 
nature of the data precludes identifying cause-and-effect relationships. In addition, we analyzed the 
experiences of service members and veterans – a broad population. Veterans, National Guardsman, 
and current active duty members may have different and even divergent military experiences, as well 
as subsequent social support and comorbid conditions; future studies should examine physical 
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activity in these different groups. Another limitation is the number of comorbid conditions included 
in the present analysis. By focusing on depression, CHD, and diabetes, we may have overlooked 
other comorbid conditions (e.g., chronic obstructive pulmonary disease, heart failure, peripheral 
vascular disease, arthritis and other orthopedic conditions, visual disorders, and countless other 
health-related matters) that could influence activity levels. Future studies should explore other 
disease states as possible predictors of physical activity or inactivity.  

We also were unable to ascertain information in the data set that might influence aerobic 
physical activity – prior mental health status, history of trauma, or other relevant conditions. 
Moreover, we could not examine participants' length of military service, or the impact of specific 
deployments on health-related variables that subsequently could affect physical activity levels. 
Furthermore, in focusing on aerobic physical activity as a dependent variable, we did not consider 
other pro-health or anti-health behaviors (tobacco use, excessive alcohol use, recreational drug use, 
and so on) that could impact physical activity. Lastly, we could extract only one measure of social 
support – a single item that examined perceived frequency of social support. Future studies should 
explore more comprehensive or multi-dimensional measures of social support (intensity, 
dependability, number of sources, and so on) to improve understanding of the nature of social 
support, and what is needed to catalyze and sustain physical activity. Furthermore, because of using 
an existing data set for our secondary analysis, we were unable to gain any insights about the context 
of physical activity and the specific health-related conditions that were identified. 

Whereas several limitations attended the methodology and analysis in the present study, our 
results provide answers to previously unanswered questions. Little is known about the health 
behaviors of depressed veterans with comorbid chronic health conditions – such as CHD and 
diabetes. Social support, in the present study, accounted for 5% of the direct effect between the 
presence of multiple morbidities and aerobic physical activity among SMVs. To be sure, given the 
minimal influence of social support on aerobic physical activity, other factors – unaccounted for in 
the present study – may have played a significant role in engagement in aerobic physical activity. 
However, to the extent that social support has been shown to have significant impact on health and 
health behaviors, both within and outside the context of physical activity (Berkman, 1995; Kahn et 
al., 2002; Resick, 2001), further research into: (a) other co-occurring mediators with social support, 
and (b) manifold dimensions or distinct latent elements of social support is needed.  

Conclusion 
Military SMVs are at risk for comorbid conditions as well as reduced physical activity 

compared to their civilian counterparts. Although social support only partially mediated the 
relationship between multiple morbidities in SMVs and engagement in aerobic physical activity, the 
introduction of adequate social support may encourage greater participation in the recommended 
level of aerobic physical activity. There are many programs underway with novel approaches to 
support SMVs along the path to increased physical activity (Thomas, Plummer Taylor, Hamner, 
Glazer, & Kaufman, 2015). Potentially, information about accessing these programs could be 
included in military discharge debriefings and routine healthcare visits at VA facilities, especially for 
older veterans as they may be at greater risk for multiple comorbid conditions and may not have any 
familiarity with post-deployment social support programs. In addition, SMVs could be encouraged to 
reach out to various programs that would engage them in ongoing exercise and other health-
promoting leisure activities.   
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