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ABSTRACT

Body mass index (BMI) is an important health indicator that changes with age and may
be shaped in important ways by, among other things, prior military service. While a high
proportion of older men in the United States served in the military, to date, there has been no
longitudinal, population-representative study of veteran status differences in men’s mid- to late-
life BMI trajectories. In this chapter, we use data from the 1992 — 2010 Health and Retirement
Study (HRS) and growth curve models to examine veteran status differences in mid- to late-life
BMI trajectories for cohorts of men born in the United States during the first half of the 20™
century. Without any controls in the models, veterans exhibit lower BMI, on average, than non-
veterans. Once we add controls for birth cohort, early-life characteristics that occur prior to
military service, potentially mediating mid- to late-life characteristics, and methodological
controls for proxy report, attrition, and death during the study period, the effect of veteran status
is small, marginally significant, and positive—net of other factors, veterans are marginally
heavier than their non-veterans counterparts. Taken together, our analyses demonstrate the large
effect of the secular trend in increased weight across the population—younger cohorts are
substantially heavier than older cohorts regardless of their veteran status—and a substantively

small but consistent, positive intra-cohort effect of veteran status.



Obesity, as measured by body mass index (BMI), is considered one of the most pressing
public health concerns in the United States (U.S. Department of Health and Human Services
2001). Although obesity rates have recently stabilized, the prevalence of obesity in the adult
population increased for all sex and age groups between 1980 and 2010 (Flegal et al. 1998, 2010;
Ogden et al. 2012). In the most recent data, 35.7% of adults in the United States—over 78
million people—were considered obese (Ogden et al. 2012). Since obesity is associated with a
variety of health problems, most notably diabetes (Narayan et al. 2007), and with increased
disability at older ages (Himes 2000), understanding the mechanisms by which subgroups of the
population do and do not gain weight as they age is important.

The obesity epidemic in the United States coincided with a substantial shift in men’s
participation in the U.S. military. In the middle of the 20" century military service early in
adulthood was normative part of the life course for the majority of men in the United States
(Hogan 1981). However, in 1973, the U.S. military ended conscription and moved into the
current All-Volunteer Force era. Relative to the participation rates of men form early-20" -
century birth cohorts, which peaked around 80% for those who served during World War 11
(Hogan 1981), rates of military service among young adults in more recent cohorts have dropped
substantially, although military service remains a salient pathway to adulthood for many young
adults in the United States (Wilmoth and London 2013; Wolf, Wing, and Lopoo 2013). If
military service influences weight and weight gain across the life course, then the passage of
cohorts through the age structure during historical periods characterized by different levels of
early-adulthood engagement in military service could contribute to population-level changes in

age-specific obesity rates.



At the individual-level, military service is a potential source of variation in BMI
outcomes that is often overlooked in the extant literature. A growing body of life-course
research examines the health consequences of service in the U.S. military in different historical
periods (Dobkin and Shabani 2009; Elder, Shanahan, and Clipp 1997; MacLean 2013; Teachman
2011; Whyman, Lemmon, and Teachman 2011; Wilmoth, London, and Parker 2010). However,
until recently (Teachman and Tedrow 2013), researchers have not focused much attention on
veteran status differences in BMI or whether military service affects changes in BMI over the
life course. One consequence of this omission is that there is little evidence regarding the
importance of veteran status relative to other individual-level characteristics that are commonly
examined in the BMI literature, such as childhood disadvantage, race/ethnicity, socioeconomic
status, and health behaviors. Given that the military carefully screens the health and body weight
of those who enlist or are inducted into service (Poston et al. 2005; Wolf, Wing, and Lopoo
2013), and early-life weight is a strong predictor of later-life weight (Ferraro et al. 2003),
veterans might be expected to weigh less and have a lower prevalence of obesity than non-
veterans. However, somewhat paradoxically, previous research shows that body weight among
veterans is generally similar to or higher than body weight among non-veterans (Almond et al.
2008; Wang et al. 2005; Teachman and Tedrow 2013).

A well-controlled, comparative examination of BMI trajectories by veteran status has the
potential to inform our understanding of the veteran status-weight paradox and to shed light on
the early- and later-life factors that influence change in weight over the life course more broadly.
Therefore, in this chapter, we examine the relationship between service in the U.S. military and
men’s BMI trajectories in mid- to late-life. We are particularly interested in comparing older

veterans and non-veterans within successive cohorts who were subjected to specific historical



circumstances in terms of periods of war and peace, as well as dietary practices and norms
regarding daily physical activity. Our approach allows us to isolate the effect of U.S. military
service for given cohorts from the broader health-related trends that have driven increases in
BMI in the U.S. population over time. It also provides insight into how following particular
pathways in the transition to adulthood can have enduring implications for development and the
influence of historical time on life-course outcomes, both of which are central features of the
life-course perspective (Wilmoth and London 2013).
Military Service and Physical Health

There are various mechanisms by which military service in early adulthood could have
effects on later-life physical health outcomes, for better or worse (Wilmoth and London 2013).
In theory, military service may be associated with better health because of selection, directly
beneficial effects of military service, or the indirect effects of military service on mid- to later-
life health-related outcomes. Because of pre-induction or -enlistment screening that blocks the
entry of persons with observable health problems from joining the military (Sackett and Mayer
2006), veterans may, on average, be in better health than non-veterans in earlier periods of the
adult life course. Additionally, during war, active-duty personnel are screened for combat
readiness, which could contribute to a “healthy warrior” effect among war-service veterans.
Beyond selection, the intense physical training and fitness required of military personnel may
produce health benefits or encourage life-long participation in exercise, while the resources to
which veterans have access through the U.S. Department of Veterans Affairs can indirectly
affect health by shaping a range of health-related outcomes, such as educational attainment
(Bennett and McDonald 2013), employment and earnings (Kleykamp 2013), and marriage and

family integration (Burland and Lundquist 2013). In addition, military service can operate as a



positive turning point in the life course, particularly for individuals for disadvantaged
socioeconomic backgrounds, because it “knifes off” prior negative influences and creates a
“bridging environment” that provides access to educational, training, and health care resources
(Elder, 1986, 1987; London and Wilmoth 2006; Sampson and Laub 1996).

Although there are good theoretical reasons to consider, and some empirical evidence
supporting, the potential benefits of military service for physical health, the bulk of the available
evidence documents negative health and disability consequences. Service-related factors that
could negatively impact health outcomes include: training accidents and over-training injuries;
hazardous work assignments; deployment to locales with infectious disease conditions that are
detrimental to health; financial strains and other stressors related to separation from family and
work; the distribution of subsidized tobacco products by the military; and placement in
environments that are conducive to substance use or heavy drinking (Bedard and Deschénes
2006; Clipp and Elder 1996; Elder and Clipp 1988, 1989; Elder et al. 2009). In addition,
wartime service often involves combat exposure, which increases the risk of short-term injury
and long-term disability (Elder, Shanahan, and Clipp 1997; MacLean 2010, 2013), physical and
mental health problems (Elder et al. 2009; Vogt et al. 2004), and later-life mortality (Elder et al.
2009). Thus, wartime service should have a more negative impact on later-life health than non-
war service.

There is a substantial literature on the physical health of veterans that documents a high
prevalence of poor health, functional limitation, and disability (Aldwin, Levenson, and Spiro
1994; Beebe 1975; Centers for Disease Control 1998; Keehn 1980; Schnurr, Spiro, and Paris
2000). Service members and veterans who were deployed to war zones are more likely to report

ill health and chronic fatigue, gastrointestinal diseases, skin disorders, and chronic pain (Armed



Forces Health Surveillance Center 2009; Institute of Medicine 2008). While providing important
data on the health of veterans that is useful for some policy and planning purposes, this literature
usually does not directly examine differences between veterans and non-veterans, compare
veterans with and without war-time service, or attempt to determine the extent to which service
during particular historical periods or wars has different effects on later-life health.

In addition to the research that focuses on veterans only, there is comparative evidence
based on data from the general population that documents the enduring effects of military service
on health and disability. Veterans who served during wartime, particularly World War Il and the
Korean War, experience steeper later-life health declines than non-veterans (Wilmoth, London,
and Parker 2010). Veterans—especially combat veterans (MacLean 2010)—also have higher
rates of functional limitations and disabilities than non-veterans (Wilmoth, London, and Parker
2010). Compared to non-veterans, Vietham War veterans are more likely to rate their health as
fair or poor, have physical limitations, and be anxious or depressed (Dobkin and Shabani 2009).
Similar evidence is derived from studies of more-recent veterans. Recent research indicates that
at age 40, veterans who served on active duty during the era of the All-VVolunteer Force (which
began when conscription ended in 1973) reported poorer self-rated health, even after controlling
for a range of covariates, including socioeconomic status and health behaviors (Teachman 2011).
The higher rates of poor health, functional limitation, and disability among veterans during
midlife may contribute to health disparities in later life by influencing the economic well-being
of veteran families; recent research indicates that households containing disabled veterans
experience an increased risk of poverty and material hardship (Heflin, Wilmoth, and London
2012; London, Heflin, and Wilmoth 2011).

Military Service and Body Weight



The effects of military service on health status broadly may be related to the underlying
effect of military service on specific health behaviors, such as drug and alcohol use, smoking,
sleep, diet, and exercise (London, Burgard, and Wilmoth forthcoming; Miech, London, Wilmoth,
and Koester 2013). One specific health risk factor of current interest is obesity, which is
indicated by a BMI score of 30.0 or higher (Hsu et al 2007; Lindquist and Bray 2000). Among
active-duty service members, obesity is relatively rare. In 2005, approximately 12% of active-
duty military personnel had a BMI score of 30.0 or higher, compared to 5% of active-duty
personnel ten years earlier (Armed Forces Health Surveillance Center 2009) and about 35% of
all adults in the United States (Ogden et al. 2012). Despite this apparent active-duty advantage,
numerous studies have either found that veteran status is unrelated to body size (Almond et al.
2008; Wang et al. 2005) or that veterans are more likely to be obese than non-veterans (Koepsell
et al. 2009; Teachman and Tedrow 2013). However, the research that focuses on military service
and weight is mostly descriptive, often focuses on veterans only, and generally does not
adequately control for early-life factors that select people into military service (Almond, et al.
2008; Das et al. 2005; Nelson 2006; Rosenberger et al. 2011; for an exception, see Teachman
and Tedrow 2013). Moreover, some studies focus only on users of Veterans Health
Administration services (Das et al. 2005; Wang et al. 2005), which is a highly selected and
disadvantaged segment of the veteran population.

One recent life-course study has contributed substantially to our understanding of the
connections between military service and weight gain over the life course. In the era of the All-
Volunteer Force, Teachman and Tedrow (2013) argue that eating and exercise patterns are more
in balance during the active-duty period than they are during the more-sedentary veteran period.

Eating habits established while in the military, when physical activity and caloric demands are



relatively high, carryover into civilian life, but activity levels and exercise habits do not carry
over to the same extent. As a result, during the transition to civilian life, veterans gain weight
and then carry that weight with them as they age. From this perspective, the military is a
protective environment to the extent that it encourages physical activity during and after the
period of active duty, but is a risk environment to the extent that it encourages eating habits that
can lead to weight gain.

The BMI measure is a ratio of weight to height and does not measure body fat directly.
Consequently, one possible explanation for why veteran men weigh more than non-veteran men
is that they have more muscle mass, resulting in a high BMI score but a low fat-to-lean body
mass ratio (Koepsell, Littman, and Forsberg 2012). Physical training in the military may
increase muscle mass, which increases BMI, and high BMI at one point in time generally
portends high BMI at a later point in time. Rosenberger et al. (2011) studied veterans of Irag and
Afghanistan and reported that higher initial BMI was associated with greater increases in BMI
over six years for each of the five BMI trajectory groups they identified. Koepsell, Littman, and
Forsberg (2012) reported that among NHANES subjects veterans had higher weight than non-
veterans by self-report and direct measurement of BMI, waist-stature ratio, and waist
circumference, but were less likely than non-veterans to have 35+% body fat. One implication
of viewing the military as a potentially protective environment that encourages physical activity
is that the establishment of early-life patterns of exercise and muscle development may be
particularly beneficial to individuals who are predisposed toward obesity on the basis of genetic
predisposition.

With the exception of Teachman and Tedrow (2013), past studies of veteran status and

body size have looked only at a point in time rather than examining the trajectory of body weight



change with age. Body weight for an individual is not stable over time. Cross-sectional studies
show that body weight increases through adulthood until about age 65, and then declines (Flegal
et al. 1998). Longitudinal studies show mixed results with respect to the factors influencing
weight gain. The long-term trajectory of BMI over adulthood shows a largely linear increase
with age for both men and women (Botoseneanu and Liang 2011), although weight gain appears
to slow with age (He and Baker 2004). The well-documented secular increase in obesity
prevalence is reflected in longitudinal studies; the BMI trajectories for younger cohorts are
steeper than those of the older cohorts examined (Clarke et al. 2009).

In the United States context, findings are mixed with respect to identifying the influence
of various factors on the rate of BMI change with age. Most studies indicate that women have
higher rates of weight gain with age than men (Clarke et al. 2009; He and Baker 2004; Mujahid
et al. 2005; Walsemann and Ailshire 2011), although some find no gender difference
(Botoseneanu and Liang 2011). Race is related to BMI trajectories, but its effects vary by
gender. Black and Hispanic men have higher rates of weight gain (Clarke et al. 2009); however,
Botoseneanu and Liang (2011) find that non-Hispanic Black men gain less weight over time than
White men even though they enter middle age with higher BMI. Examinations of body weight
trajectories in the Alameda County Study indicate that early-life factors, particularly educational
attainment, are important in determining the trajectory of weight change over age, especially for
women (Baltrus et al. 2005). However, other studies have found no effect of education or
income on weight gain (He and Baker 2004).

The Current Investigation
BMI is an important health indicator that changes with age and may be shaped in

important ways by prior military service. While a high proportion of older men in the United



States served in the military, to date, there has been no longitudinal, population-representative
study of veteran status differences in men’s later-life BMI trajectories reported in the literature.
As such, the potential influence of prior military service on weight change among older men
remains largely hidden. In our research, we examine veteran status differences in mid- to late-
life BMI trajectories for cohorts of men born in the United States during the first half of the 20"
century. Our primary research questions are: (1) How is veteran status related to BMI in mid- to
late-life?; (2) Do veterans have different BMI trajectories than non-veterans, controlling for
early- and mid- to late-life characteristics; and (3) Do the BMI trajectories of veterans and non-
veterans vary depending on birth cohort?
METHODS
Data

This study uses data from the 1992 to 2010 longitudinal Assets and Health Dynamics
among the Oldest Old (AHEAD), Health and Retirement Study (HRS), and RAND HRS files
(henceforth HRS). The analytic sample for this study includes 12,277 men born between 1895
and 1956. During the 18 years of the study, these men contributed 68,483 observations to the
person-period file that we use to estimate the conditional growth curve models described below.
We limit the analysis to men because less than 1% (135) of the 14,491 women in the HRS served
in the military.
Measures

Dependent Variable. The dependent variable for this analysis is body mass index (BMI),

which is equal to weight in kilograms/height in meters®. Both height and weight are self-

reported.
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Independent Variables. There are two focal independent variables in this analysis:

veteran status and birth cohort. The HRS contains a retrospective self-report of “active military
service,” not including service in the military reserves. We used these data to construct a binary
veteran status measure (yes = 1).

In order to facilitate comparisons between veterans and non-veterans who came of age
during different time periods, we constructed a measure of birth cohort that takes into account
when respondents turned age 18, which is approximately when they became eligible to serve in
the military, regardless of whether they actually entered the military. We used a conservative
approach in that we assumed that men who turned 18 in the year a conflict officially ended were
primarily eligible for service in the subsequent time period (e.g., veteran men who turned 18 in
1955 would have primarily served after the end of the Korean War). Some veteran men who
turned 18 in the year a conflict ended might have served during that conflict right before it ended
or as the conflict was winding down; however, the majority of their multi-year service would
have been in the subsequent time period.

We created four cohorts as shown in Table 1: the first was born prior to 1929 and turned
18 before the end of World War Il in 1946; the second was born from 1929 to 1936 and turned
18 from 1947 to 1954, during the years after WWII and during the Korean War; the third was
born from 1937 to 1945 and turned age 18 between 1955 and 1963, during the Cold War; and the
fourth was born from 1946 to 1956 and turned age 18 between 1964 to 1974, during the Vietnam
War. Itis important to keep in mind these cohorts represent the time period in which
respondents turned age 18 and therefore became eligible for service, not the specific period of
service among veterans. Although the men in these cohorts were eligible to serve in the military

when they turned 18, some of the veterans in the sample could have served during subsequent or
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multiple time periods. Those who served exclusively during the Cold War would not have been
subjected to combat. Additionally, given that more military personnel serve in support roles than
combat roles, it is likely that the majority of those who served during WWII, the Korean War,
and the Vietnam War also did not experience direct combat; however, we are unable to
determine service in war zones or combat exposure due to data limitations.

It should be noted that the youngest subjects entered the HRS later in the study period
and therefore contributed fewer person-period observations to the analysis. This is due to the
design of the HRS, which initially included subjects who were ages 51-61 in 1992, who were
born between 1931 and 1941, and its companion study, the AHEAD, which collected data from
subjects ages 70 and older in 1993, who were born before 1924. Individuals born from 1924 to
1930 and after 1941 were not included in the HRS until it was merged with the AHEAD and
moved to a steady-state design in 1998. At that point, two cohorts—one born 1924-1930 and the
other born from 1942-1947—were added. Since 1998, additional new cohorts have been added
every six years (Health and Retirement Study 2008).

Control and Potentially Mediating Variables. The analysis includes a broad range of

control and potentially mediating variables, which prior research indicates are associated with
both veteran status and BMI. The first set of control variables are retrospectively reported early-
life characteristics that occurred prior to military service: race/ethnicity, early-life socioeconomic
disadvantage, and early-life health. Race/ethnicity includes non-Hispanic White (reference),
non-Hispanic Black, non-Hispanic other race, and Hispanic (of any race). Early-life
socioeconomic disadvantage is an indexed scale, which is comprised of four dichotomously
coded retrospective childhood variables: mother’s education and father’s education (< 8 years =

1; > 8 years = 0); father’s occupation when the respondent was age 16 (unskilled manual =1,
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non-manual, skilled, and professional = 0); and overall family SES from birth to age 16 (poor =
1, not poor, including the family was ““pretty well off financially,” ““about average,” and ““it
varied” = 0). Per the procedure outlined in Wilmoth, London, and Parker (2010), respondents
missing on any of these four variables were assigned to the zero category for that variable, which
IS a conservative approach to dealing with missing data because that category represents greater
advantage and misclassification would bias toward the null. We summed these four variables
and divided by the number of items answered to create an early-life disadvantage scale that
ranges from 0 to 1, with higher values indicating more disadvantage. Because a relatively large
proportion of respondents had missing values on at least one early-life disadvantage item, which
is due primarily to father’s absence or attrition prior to the 1998 survey when these questions
were asked for the first time, we also include a variable in the models that is equal to one for all
individuals for whom at least one of these variables was missing and set to zero. Additionally,
the analysis includes a measure of health to age 16 years that measures poor health and missing
relative to good health (reference).

The other variables, which reference mid- to late-life characteristics that potentially
mediate the relationship between military service and BMI, are measured many years after
military service has ended. All of these mid- to late-life variables, except education, are time-
varying across the 18-year study period. Marital status includes four categories: married
(reference), never married, divorced/separated, and widowed. Education is measured at entry
into the HRS and includes high school or less (reference), some college or college graduate, and
more than college. Household income is measured in dollars. Labor force status is recoded as a
binary variable (in the labor force = 1). Two health behaviors are measured dichotomously: ever

smoked cigarettes (yes = 1) and currently drinks alcohol (yes = 1).
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Finally, we include three methodological controls. These are binary variables measuring
ever had a proxy interview (yes = 1), dropping out of the study (yes = 1), and dying during the
18-year time span of the study (yes = 1).

Analysis Plan

After describing the sample, we estimate conditional growth curve models using the
person-period file described above and the PROC MIXED procedure in SAS. In all of these
trajectory analyses, we define time in terms of chronological age (as opposed to study duration)
because we are interested in modeling age-related changes in BMI. The grand mean age for all
sample members, which is equal to 67 years, is used to center age.

Models include terms for age and age squared to test for nonlinearity in the relationship
between age and BMI. Additionally, we include terms that interact age and age squared with the
veteran status and cohort measures to account for potential nonlinearity in the slope that
estimates age-related changes in BMI in relation to our focal variables. The models control
hierarchically for the early-life and mid- to late-life characteristics, as well as methodological
controls for proxy response, attrition, and death over the study period, although the coefficients
for those controls are not shown (full models are available upon request). We focus on
interpreting the coefficients for the effect of veteran status and cohort membership on BMI at the
mean age of 67 years, and the effect of veteran status and cohort membership on age-related
change in BMI. Positive coefficients indicate that men who are veterans or in a particular cohort
have higher BMI relative to the reference group, whereas negative coefficients indicate the
opposite.

To facilitate the interpretation of the fully-specified model, we present predicted age-

related BMI trajectories by birth cohort and veteran status. The predicted values represent men
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with the following characteristics: Non-Hispanic White; mean early-life disadvantage; good
early-life health; high school graduate; out of the labor force; mean household income; married;
never smoked; current non-drinker; never had a proxy interview; not lost-to-follow-up; and did
not die during the study period. Predicted values are only presented for the age ranges over
which the birth cohorts are observed during the study period, which are shown in Table 1. The
figure only presents predicted values at age 50 and older because the men must have been at least
50 to be eligible for inclusion in the HRS.
RESULTS
Sample Description

Table 2 presents descriptive statistics overall and by veteran status. As seen in Table 2,
the characteristics of veterans and non-veterans differ substantially. Overall, the mean BMI is
27.4, with veterans having slightly, but significantly, lower BMI than non-veterans (27.34 versus
27.49). The mean age of the sample is 67, but veterans are significantly older than non-veterans.
The sample is fairly evenly distributed across the first three birth cohorts, with each containing
less than one-third of the sample; as expected due to the design of the HRS (see discussion in
Methods), the youngest cohort has a substantially smaller percentage (11%). Consistent with the
very high rates of participation in the military in and around World War I, veterans are over-
represented among the oldest two cohorts, while non-veterans have relatively higher
representation in the younger two cohorts.

There are significant differences between veterans and non-veterans with respect to the
early-life controls. Veterans are significantly more likely than non-veterans to be non-Hispanic
White (85% versus 69%), which is expected on the basis of the policies that prevailed prior to

the end of World War 11 (see Lutz 2013). Interestingly, the mean childhood disadvantage index
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is lower among veterans than non-veterans, but, as expected, a smaller percentage of veterans
report having had poor childhood health.

There are also significant veteran status differences in the potentially mediating variables.
Education levels are higher among veterans, with 35% having attended or graduated from
college (compared to 22% among non-veterans). Veterans are more likely to be currently out of
the labor force and have mean household incomes that are significantly lower than non-veterans.
Veterans are slightly more likely to be currently married (81%) than non-veterans (79%). In
addition, veterans are significantly more likely than non-veterans to have ever smoked (76%
versus 66%) and to currently drink alcohol (60% versus 55%).

Finally, veterans and non-veterans differ with respect to the methodological controls.
During the study period, veterans are less likely than non-veterans to have had a proxy report
(19% versus 27%) or be lost to follow-up (16% versus 18%), but are somewhat more likely to
have died during the course of the study (24% versus 23%).

BMI Trajectories in Later Life

Table 3 presents four models predicting BMI. Model 1, which only includes age, age
squared, and veteran status, indicates that veterans have significantly lower BMI than non-
veterans at the mean-centered age of 67. In addition, as expected, for all men, BMI decreases at
an increasing rate with age.

Model 2 controls for birth cohort. Interestingly, the coefficient for veteran status is now
positive and marginally significant, indicating that, at the mean-centered age of 67, veterans have
higher BMI than non-veterans once cohort is taken into account. This is because older cohorts,
which have lower BMI than younger cohorts, include an over-representation of veterans.

Compared to the cohort that came of age during WWII, each subsequent cohort has significantly
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higher BMI. It is noteworthy that the coefficients for the cohorts are quite large and increase by
approximately 1 point with each successive cohort. Compared to the <1929 cohort (that turned
18 during WWII), the 1929-1926 cohort (that turned 18 during the post-WWII/Korean War
period) has a BMI that is 1.24 points higher, the 1937-1945 cohort (that turned 18 during the
Cold War) has a BMI that is 2.16 points higher, and the 1946-1956 cohort (that turned age 18
during the Vietnam War) has a BMI that is 3.11 points higher. With cohort controlled, the sign
on the age coefficient becomes positive, while the age-squared coefficient remains negative.
This indicates that BMI increases at a decreasing rate with age.

Model 3 includes terms that estimate the age-related trajectories by veteran status and
cohort. The coefficient for veteran remains positive, but is now significant, and the cohort
coefficients continue to be relatively large and positive. In this model, the coefficients for age
and age-squared are both negative, although only the age-squared term is significant. The
coefficients that indicate the age-based trajectories for veterans reveal that, compared to non-
veterans, BMI increases more rapidly with age for veterans (this difference is marginally
significant). In addition, compared to the <1929 cohort, the other three cohorts experience more
rapid increases in weight gain with age.

Model 4 adds controls for early- and mid- to late-life characteristics, as well as
methodological controls for proxy interviews, loss to follow-up, and death. The results remain
essentially the same as reported for Model 3. BMI decreases at an increasing rate with age.
Veterans continue to have higher BMI at the mean-centered age, although the coefficient is
marginally significant. The three younger cohorts have significantly higher BMI at the mean-
centered age, compared to the WWII cohort. However, the age*veteran coefficient is no longer

significant, but the age-squared*veteran coefficient is marginally significant and negative,
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indicating that veteran BMI decreases at an increasing rate with age. For the three younger birth
cohorts, BMI increases at an increasing rate with age.

Supplemental analysis suggests that the veteran status results are sensitive to model
specification. While the cohort coefficients are consistently significant and large, the
significance of the veteran coefficient meets the p < 0.05 standard in some models, but is
marginally significant in other models. For example, the supplemental model that only included
controls for early-life characteristics found that veteran status is marginally significant. This
suggests early-life characteristics that are related to selection into military service explain some
of the relationship between veteran status and mid- to late-life BMI. When we add the
potentially mediating mid- to late-life variables, the veteran status coefficient becomes
significant at conventional levels. This indicates some of the effect of veteran status on BMI
operates through mid- to late-life characteristics that are related to BMI. In the fully-specified
Model 4 shown in Table 3, veteran status once again becomes marginally significant when the
methodological controls are included. Overall, these supplemental analyses consistently show
that veterans have slightly higher BMI and less rapid weight gain trajectories with age, although
in some of these models these effects are marginally significant.

Although the coefficients for the covariates are not shown (results available upon
request), it is noteworthy that BMI is significantly higher among respondents who currently
drink alcohol (compared to those who do not drink alcohol), and significantly lower among
respondents who are other race (compared to non-Hispanic Whites), have college or graduate
educations (compared to those with a high school education or less), are divorced/separated,
widowed, or never married (compared to currently married), ever smoked (compared to never

smoked), ever had a proxy interview (compared to those who never had a proxy interview), and
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died during the study period (compared to those who did not die). Childhood disadvantage,
childhood health, Black and Hispanic race/ethnicity, and household income are not significant in
the fully specified model.

Figure 1 presents the age-based BMI trajectories by cohort and veteran status that are
based on the fully-specified Model 4 in Table 3. The figure demonstrates that, within each
cohort, veterans are modestly heavier than non-veterans at every age. Also, the overall pattern of
the BMI trajectories for veterans and non-veterans within each cohort is similar, which suggests
that military service has a consistent effect on mid- to late-life BMI trajectories regardless of
cohort. The observed cross-cohort differences in BMI trajectories are noteworthy, as they are
substantially larger than the observed intra-cohort effect for veteran status. Each successive
cohort is heavier and appears to exhibit more rapid weight gain early in later-life. The difference
in BMI across cohorts at age 65, which is an age at which all of the cohorts were actually
observed in the data, is substantial. For example, the predicted BMI at age 65 for the <1929
cohort is just under 27.5, whereas it is nearly 30.5 for the 1946-1956 cohort.

DISCUSSION

This research examines whether age-related BMI trajectories among older men vary by
veteran status. In order to compare veterans and non-veterans who came of age during different
historical periods, we constructed a measure of birth cohort that corresponds to when
respondents turned age 18 and became eligible to serve in the military, regardless of whether
they actually entered the military. This approach allows us to examine intra-cohort veteran
status differences and to account for those who served, respectively, during war and peacetime.
While there are many reasons to expect that military service will contribute to lower body weight

later in life, we find that veterans have slightly higher BMI than non-veterans and they have
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similar trajectories of weight change with age. Our key findings emerge across a set of
hierarchical models. Without any controls in the models, veterans exhibit lower BMI, on
average, than non-veterans. This would support the argument that military service provides
protective effects against weight gain over the life course. However, since veterans are over-
represented in older cohorts that have lower BMI, on average, the effect of veteran status
reverses once cohort is controlled. Once we add controls for early-life characteristics that occur
prior to military service, potentially mediating mid- to late-life characteristics, and
methodological controls for proxy report, attrition, and death during the study period, the effect
of veteran status is small, marginally significant, and positive—within each cohort, veterans are
marginally heavier than their non-veterans counterparts. Although the effect of veteran status is
small relative to the very large effect of cohort membership, the same can be said for other
covariates that have been the focus of other individual-level studies of BMI, such as childhood
disadvantage, Black and Hispanic race/ethnicity, and household income. Taken together, our
analyses demonstrate the over-riding effect of the secular trend in increased weight across the
population—younger cohorts are heavier than older cohorts regardless of their veteran status—
and a substantively small but consistent, positive intra-cohort effect of veteran status.

We find the trajectory of weight change with age to be similar for veterans and non-
veterans across cohorts. Overall, the predicted age pattern is slow weight gain across age until
about age 65 to 70, followed by more-rapid weight loss at older ages. The two older cohorts,
born before 1937, have significantly lower BMI, on average, than the two cohorts born after
1937. These two older cohorts also exhibit rapid declines in BMI in later life. Given that the
younger two cohorts have not yet entered these later ages, it remains to be seen how their BMI

trajectories will play out as they age into their eighties. The younger cohorts appear to have
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steeper increases in BMI with age during the early stages of later-life, although direct
comparisons in trajectories across these earlier ages with the cohorts born before 1937 cannot be
made because the older two cohorts were not observed during their early 50s. Other researchers
using the HRS have found similar patterns over the age ranges of actual measurement (ages 51 to
75), but have not estimated predicted trajectories past that age range (Botoseneanu and Liang
2010; He and Baker 2004; Walsemann and Ailshire 2011).

Each successive cohort is most likely heavier because members of the younger cohorts
experienced the well-documented late-20™ century dietary changes in the United States earlier in
their life course, and have lived with those eating patterns for a larger portion of their lives.
Around 1970, diets in the United States began to shift toward increased consumption of soft
drinks, snack food, and fast food in conjunction with lower consumption of fresh fruits and
vegetables; portion size also increased along with total caloric intake, which has fueled the
current obesity epidemic (Wang and Beydoun 2007). The youngest cohort in this analysis,
which was born from 1946-1956, would have been 14 to 24 in 1970; the oldest cohort, which
was born before 1929, would have been over 41 in 1970. Thus, our models demonstrate the
cumulative effect of being exposed early in the life course to food consumption patterns that are
associated with obesity. This trend towards heavier body size in younger cohorts, despite
increases in physical activity, is mirrored in studies of active-duty military personnel (Lindquist
and Bray 2000), as well as the general population.

Our research adds to the small body of work examining body size and veteran status. In
line with some previous work (Almond et al. 2008; Wang et al. 2005), we find little substantive
difference in body weight between veterans and non-veterans within the same cohort, although

the estimated effect is marginally significant in the fully-specified model that includes a broad
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range of potentially mediating variables. In an analysis similar to ours, Teachman and Tedrow
(2013) did find an effect of military service on body weight, with veterans being heavier.
However, their analysis, based on men born after 1968, looks at a much younger and more-recent
cohort.

The physical demands and dietary control of military life contribute to an expectation that
veterans should have lower body weight than non-veterans. Exercise and dietary habits formed
in young adulthood might be expected to carry through to later life, resulting in lower overall
weight and slower weight gain. However, our analyses show that the opposite is true. Veterans,
if anything, are slightly heavier than their peers who did not experience military service. More-
refined measures of current diet and levels of physical activity are needed to determine how
these early-life habits change after leaving military service. One possible explanation is that
eating habits acquired during active-duty service, when physical activities and caloric demands
are high, do not change with exit from active-duty service and the shift to lower levels of
physical activity (Teachman and Tedrow 2013). Another possibility is that the exercise and
fitness regimes of the military contribute to veteran status differences in lean muscle to fat ratios,
with such compositional differences contributing to veteran status differences in BMI and health
across the life course (Koepsell, Littman, and Forsberg 2012).

Our analyses are limited by the constraints of available data. While we are able to
control for several early-life factors that are related to selection into the military and BMI, we do
not have measures of early-life body weight. In addition, our measures of current BMI are based
on self-reported measures of height and weight rather than on direct measurement. Self-reported
BMI tends to be lower than directly measured BMI; however, veterans and non-veterans are

similarly likely to under-report (Koepsell, Littman, and Forsberg 2012). Therefore, BMI is
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potentially influenced by normative bias, especially at the extreme ends of height and weight
distributions. In addition, BMI itself is limited as a measure of obesity since it does not take into
account differences in body composition. To the extent that veterans have greater muscle mass
relative to body fat, BMI will overstate obesity. The findings might also mask important sources
of BMI heterogeneity among veterans. For example, the effect of military service on BMI over
the life course may operate through the lingering deleterious outcomes that are experienced by
some military personnel who have engaged in combat, such as post-traumatic stress disorder and
disabling physical injuries. Conversely, the military requirements for physical fitness might have
had enduring positive effects for those who served as non-combat personnel, in particular
branches of service, or in the officer ranks. Unfortunately, the HRS data upon which these
analyses are based do not contain information about variation in veteran’s military service
experiences. When such data become available, future studies that examine heterogeneity in
military service experiences have the potential to nuance our understanding of the influence of
military service on mid- and late-life BMI trajectories.

Despite these limitations, this research contributes to our understanding of the complex
ways that military service can impact later-life BMI and health. We are able to compare several
cohorts of men who served in the military during different historical periods. We control for
many early-, mid-, and late-life characteristics associated with selection into the military and
health outcomes. Our finding of large cohort differences confirm other research documenting
the secular trend towards increased body size in the general population (Flegal et al. 2010), while
our finding of small, positive intra-cohort veteran status differences provides evidence that early-
life institutional factors can have enduring effects across the life course. Despite the health

habits related to exercise and fitness that are encouraged and enforced by the military, veterans
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were not protected from the broader social changes driving increases in BMI since the middle of
the 20" century. This finding has implications for policies that attempt to encourage healthy
habits related to exercise and fitness in other institutional contexts in which young adults
participate—namely higher education and prisons. While exercise promotion might have short-
term impacts, it may not have enduring effects in a cultural context of unhealthy dietary
practices.

It is not known whether the relationship between BMI and veteran status that we observe
in this sample of older adult men in the United States would be found in other countries where
the context of military service and trends in BMI differ. Similar to the United States, many older
men in countries like England, France, Germany, Italy, Russia, China, and Japan served in the
military during the middle of the twentieth century. These countries have also experienced rising
BMI among more recent cohorts. Carefully conducted comparisons of cohort-specific BMI
trajectories among veterans and non-veterans in other national contexts would enable researchers
to determine the importance of military service relative to the influence of cohort membership
and other individual-level characteristics, including health behaviors.

If datasets from other countries contain more details information about military service
experiences, then such additional analyses could begin to identify the service-related factors that
contribute to greater weight gain in later life. Until such studies are pursued, much can be
learned by studying cross-cohort differences in military service experiences within a given
country. For example, obtaining a better understanding how military policies regarding food
rations during service and subsidized food in commissaries have varied across time could
provide insight into how the food consumption patterns of military personnel and veterans might

be different from the civilian non-veteran population in ways that would increase the risk of
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weight gain. Such research would also have implications for understanding the dietary practices
and BMI of those who spend time in other institutional settings, like schools and prisons, which
provide a large portion (if not all) of daily caloric intake to their members.

Both cross-national and single-country studies of the relationship between military
service and BMI would benefit from employing a life-course perspective that conceptualizes
mid- to late-life outcomes as being rooted in experiences in childhood and young adulthood, and
longitudinal models that capitalize on panel studies with steady state designs that follow
successive cohorts as they age. Only then will the influence of military service on later-life
health, and health-related outcomes like BMI, be fully understood. More importantly, such
studies would advance life-course research by providing insight into how specific pathways
during the transition to adulthood and unique historical contexts experienced by particular

cohorts shape later-life outcomes.
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Table 1. Birth Cohorts by years turned 18 and age ranges in 1992 and 2010

Cohort Years turned 18
Birth years (Historical Period) Age range in 1992 Age range in 2010
<1929 <1947 64 and older 82 and older
(WWI)
1929-1936 1947- 1954 56 — 63 74-81

(Post-WWIlI/Korean War)

1937-1945 1955 - 1963 47 - 55 65-73
(Cold War)
1946-1956 1964-1974 36 - 46 54 - 64

(Vietnam War)

Notes: The 1992 HRS included subjects ages 51-61 who were born between 1931 and 1941. Older
subjects in our analysis were initially recruited into the Assets and Health Dynamics among Older
Adults (AHEAD) Study which collected data from subjects ages 70 and older in 1993. The HRS
and AHEAD were merged in 1998 at the same time additional birth cohorts were recruited into the
study. HRS age-eligible subjects are over the age of 50 at the time of entry into the study. For details
regarding the HRS study design see http://hrsonline.isr.umich.edu/sitedocs/DesignHistory.pdf
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Table 2. Total Sample Characteristics by Veteran Status ®

Total Sample Non-Veteran Veteran
% Mean % Mean % Mean p
Variable
BMI 27.40 27.49 27.34 folalal
Age (in years) 67.00 65.62 68.15 faleka
Veteran
Yes 54.52
No 45.48
Birth Cohort
<1929 27.17 21.27 32.09 folalal
1929 - 1936 29.46 25.00 33.17
1937 - 1945 32.19 38.35 27.06
1946 - 1956 11.18 15.38 7.68
Race/Ethnicity
White 77.13 69.54 85.02 folalal

35



Black
Other

Hispanic

Childhood Disadvantage Index (0-1)

Poor Childhood Health
Yes
No
Education
High School or Less
Attended/Graduated College
More than College
Labor Force Participation
Yes
No
Household Income (in $1,000)

Marital Status

12.63

2.14

8.10

0.34

4.37

95.63

58.05

29.26

12.69

31.97

68.03

62.50

17.23

3.00

12.77

541

94.59

64.81

22.48

12.71

36.72

63.28

16.56

0.37

64.94

9.35

1.42

4.21

3.50

96.50

52.41

34.92

12.67

28.01

71.99

0.32

60.47

*k*k

*k*k

*k*k

*k*k

*
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Married/Partnered
Divorced/Separated
Widowed
Never Married
Ever Smoked
Yes
No
Currently Drinks Alcohol
Yes
No
Proxy Report
Yes
No
Lost to Follow-Up
Yes

No

80.46

8.37

8.29

2.88

71.43

28.57

57.66

42.34

23.17

76.83

17.29

82.71

79.32

8.94

8.06

3.68

66.20

33.80

54.51

45.49

27.34

72.66

18.47

81.53

81.43

7.89

8.48

2.20

75.79

24.21

60.29

39.71

19.69

80.31

16.31

83.69

*k*k

*k*k

*k*k

*k*k

*k*k
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Died

Yes 23.70

No 76.30
Significance: * = p < 0.05; ** = p < 0.01; *** = p < 0.001.
Notes:

a. Data are un-weighted

22.81

77.19

24.44

75.56

*k*k
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Table 3. Growth Curve Models Predicting BMI Trajectories

Fixed Effects Model 1 Model 2° Model 3° Model 4
Total Sample
Intercept 27.7747  *** 261949 *** 263522 *** 272601 ***
(0.061) (0.093) (0.127) (0.170)
Veteran -0.2042 * 0.1527 + 0.1985 * 0.1759 +
(0.079) (0.079) (0.089) (0.091)
Age -0.0228 *** 0.0078 **  -0.0029 0.0038
(0.002) (0.003) (0.015) (0.015)
Age? -0.0044  *** -0.0043 *** -0.0045 *** -0.0047 *F**
(0.001) (0.000) (0.001) (0.001)
1929-1936 Birth Cohort 1.2636  *** 1.0057 *** (0.8917 ***
(0.110) (0.139) (0.142)
1937-1945 Birth Cohort 21551 *** 19501 *** 17836 ***
(0.114) (0.140) (0.148)
1946-1956 Birth Cohort 3.1134  *** 31229 *** 209791  ***
(0.133) (0.240) (0.253)
Age*Veteran 0.0083 + 0.0068
(0.004) (0.004)
Age®*Veteran -0.0005 -0.0005  +
(0.000) (0.000)
Age*1929-1936 Birth Cohort 0.0119 0.0005
(0.015) (0.015)
Age**1929-1936 Birth Cohort 0.0016 * 0.0015 *
(0.001) (0.001)
Age*1937-1945 Birth Cohort 0.0420  ** 0.0339 *
(0.016) (0.016)
Age?*1937-1945 Birth Cohort 0.0033 ***  (0.0032 ***
(0.001) (0.001)
Age*1946-1956 Birth Cohort 0.0616 0.0473
(0.038) (0.038)
Age**1946-1956 Birth Cohort 0.0037 * 0.0033 +
(0.002) (0.002)
-2 Log Likelihood 309112.8 308510.8 308264.9 308134.3
AIC 309134.8 308538.8 308338.9 308216.3
BIC 309216.8 308643.1 308614.6 308521.8
Number of Observations 68,483 68,483 68,483 68,483
Number of Cases 12,722 12,722 12,722 12,722
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Notes: Significance Levels: +p<.10, *p<.05, **p<.01, ***p<.001
# Model only includes age and veteran status variables

b Model controls for birth cohort

¢ Model includes age-related trajectories by veteran status and birth cohort

4 Model controls for race/ethnicity, early-life socioeconomic disadvantage, early-life health, education,
income, labor force participation, marital status, smoking, drinking, proxy interview, lost-to-follow-up,

and death during the study period.
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Figure 1. Predicted BMI Trajectories
by Birth Cohort and Veteran Status
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Note: Predicted values are only shown for the age ranges over which the cohorts are observed during the study period.
Predicted values represent men who reported good early-life health, are Non-Hispanic White, married, high school

graduates, out of the labor force, never smoked, current nondrinker, have mean early-life disadvantage scores and

mean household incomes, and never had a proxy interview, were not lost-to-follow-up, and did not die during the study period.
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