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Abstract: A growing body of literature on military personnel and veterans’ health suggests that prior
military service may be associated with exposures that increase the risk of cardiovascular disease
(CVD), which may differ by race/ethnicity. This study examined the hypothesis that differential
telomere shortening, a measure of cellular aging, by race/ethnicity may explain prior findings of
differential CVD risk in racial/ethnic groups with military service. Data from the first two continuous
waves of the National Health and Nutrition Examination Survey (NHANES), administered from
1999–2002 were analyzed. Mean telomere length in base pairs was analyzed with multivariable
adjusted linear regression with complex sample design, stratified by sex. The unadjusted mean
telomere length was 225.8 base shorter for individuals with prior military service. The mean telomere
length for men was 47.2 (95% CI: −92.9, −1.5; p < 0.05) base pairs shorter for men with military
service after adjustment for demographic, socioeconomic, and behavioral variables, but did not
differ significantly in women with and without prior military service. The interaction between
military service and race/ethnicity was not significant for men or women. The results suggest that
military service may contribute to accelerated aging as a result of health damaging exposures, such
as combat, injury, and environmental contaminants, though other unmeasured confounders could
also potentially explain the results.

Keywords: accelerated aging; telomeres; veteran’s health

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death in the United States
(US) among both civilians [1] and US military veterans [2]. A growing body of literature
suggests that US military veterans, especially those exposed to combat [3,4], have elevated
risk of hypertension [4,5] and CVD [3,6,7]. Military veterans may be at risk for CVD due
to a variety of factors, including behavioral [8], and exposure to stressful environments,
such as combat [3,4] and traumatic injury [6,9], leading to post-traumatic stress disorder
(PTSD) [5,10–12] and depression [13,14]. Despite the fact that non-Hispanic Blacks in the
US tend to have higher CVD risks than non-Hispanic Whites [15,16], a recent study also
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found that, not only were military veterans at higher risk for CVD overall, but that the
risk differed by race/ethnicity such that non-Hispanic White veterans had higher CVD
risk compared to non-Hispanic Blacks [7]. Higher income, increased opportunities for
physical activity, and lower levels of obesity among non-Hispanic Black veterans relative
to non-Hispanic Black non-veterans appeared to partially explain the differences in CVD
risk; however, this curious finding raises questions about the underlying physiological
mechanisms that might be operating to produce a differential racial/ethnic association
between military service and CVD.

One explanation may lie in the relationship between leukocyte telomere length,
race/ethnicity, and CVD. Telomeres are the protective end caps on chromosomes that
are made of repeating base pairs [17]. As cells divide the telomeres get progressively
shorter, eventually leading to cellular senescence [17,18]. Stress exposure [19–21] and
inflammation [22,23] have both been linked to differential shortening of telomeres, which,
in turn, has been linked to increased risk of CVD [24,25]. At the same time, some studies
have shown that individuals of recent African descent, including non-Hispanic Blacks
living in the US, have longer mean telomere lengths than individuals of recent European
descent, despite having similar telomere lengths at birth [26–28]. Similarly, while telomere
length does not differ for males and females at birth, the rate of telomere shortening over
the lifespan does differ by sex, with females tending to have a slower rate of telomere short-
ening compared to males [29]. Additionally, there is some evidence that military veterans
have shorter mean telomere lengths than non-veterans [30–33], but it is not clear whether
the longer mean telomere length in non-Hispanic Black military veterans is associated with
lower CVD risks compared to non-Hispanic White military veterans.

The goal of this study was to assess whether there is an association between prior
military service and telomere length for males and females, and, if so, if the association
differs by race/ethnicity. The primary hypothesis was that individuals with prior military
service would have shorter mean telomere length than individuals with no prior military
service. The secondary hypothesis was that the military service-telomere length association
would differ by race/ethnicity.

2. Materials and Methods
2.1. Study Design

Public-use data from the first two continuous waves of the National Health and Nutri-
tion Examination Survey (NHANES), collected from 1999 through 2002, were compiled
for this study. These were the most recent data available for telomere length from this
dataset. The NHANES study is administered in two-year waves, and data for each wave
are de-identified and made publicly available by the National Center for Health Statistics.
This project was reviewed by the David Grant USAF Medical Center Institutional Review
Board and determined to be research not involving human subjects as defined in 45 CFR
46.104(3)(A).

2.2. Participants

The NHANES is an ongoing study administered to nationally representative sam-
ples of the non-institutionalized, US population, and includes both children and adults.
However, the determination of prior service in the US military is based on a questionnaire
that is asked only of individuals of appropriate age, those aged 17 years or older at the
time of the initial interview. Thus, the initial study population consisted of individuals
17 years and older. In addition, telomeres were measured for adults aged 20 years and
older, with a range of 20 to 85 years of age. Thus, the final analytical sample contained only
US adults aged 20 years and older at the time of interview. A total of 21,004 participants
were included in the 1999–2002 waves of NHANES, and 13,184 were excluded from the
analysis (10,713 [81.3%] were under age 20, 2464 [18.7%] either did not have a measurement
for telomeres, 2 [<0.01%] had extreme values for telomeres, and 5 [<0.01%] did not indicate
whether they had served in the US military or not).
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2.3. Measures

The outcome measure for this study was telomere length, measured in the number of
base pairs (BP). Blood samples taken from participants were analyzed using the polymerase
chain reaction (PCR) method [34,35]. Leukocyte telomere length was measured as the mean
length of multiple cell types for each individual participant relative to the standard DNA
reference (T/S ratio). Mean T/S ratios were converted to base pairs using the following
formula: BP = (3274 + 2413 × T/S)) [36].

Independent variables for this study included demographic, socioeconomic, behav-
ioral, and anthropometric measures. Demographic variables included age (as continuous
single year), sex (male [reference] and female), race/ethnicity (non-Hispanic White [ref-
erence], non-Hispanic Black, Mexican American, Other Hispanic, or Other), and marital
status (Never Married [reference], Living with Partner, Married, Separated, Divorced,
Widowed, or Missing). Socioeconomic variables included educational attainment (Less
than High School [reference], High School Graduate or Equivalent, Some College, or Col-
lege Graduate or Higher), and poverty indicator (Below Poverty Line [reference], At or
Above Poverty Line, or Missing). Behavioral variables included smoking status, alco-
hol consumption, and physical activity level. Smoking status was categorized as (Never
smoked [reference], Current smoker, Former smoker, or Missing). Alcohol consumption
was measured as the frequency of binge and non-binge drinking days in the past year
where individuals with no alcohol consumption ever coded as Lifetime Abstainers, in-
dividuals who no longer drink alcohol coded as Former Drinkers, individuals with no
binge drinking days coded as Light Drinkers (1–52 days, no binge drinking) [reference],
Moderate Drinkers (53–156 days, no binge drinking), Frequent Drinkers (157–365 days,
no binge drinking), and individuals with binge drinking days coded as Infrequent Binge
Drinkers (1–12 days in the past year), and Frequent Binge Drinkers (13–365 days in the
past year). Physical activity level was measured as quartiles of activity where quartile 1
(reference) is the bottom 25% of the population with the lowest amount of physical activity
in the past month and the quartile 4 is the top 25% of the population with the highest
amount of physical activity in the past month. The anthropometric measure was body
mass index (BMI) status, coded as (20 ≤ BMI < 25 = Normal Weight [reference], BMI < 20 =
Under Weight, 25 ≤ BMI < 30 = Over Weight, 30 ≤ BMI = Obese, or Missing).

2.4. Statistical Analysis

The descriptive statistics are reported as mean and standard deviation for continuous
variables, and as percentages and standard error for categorical variables. Multivariable
adjusted linear regression models were estimated for mean telomere length in base pairs,
and the results are reported as regression coefficients, 95% confidence intervals (CI), and
p-values. Regression models were estimated for the total sample and also stratified by
sex due to known sex differences in telomere shortening for males and females [29], and
due to the fact that military exposures likely differed by sex for this cohort of military
veterans. Regression models were adjusted for demographic, socioeconomic, behavioral,
and anthropometric variables, including age, race/ethnicity, educational attainment, in-
come to poverty ratio, marital status, smoking status, alcohol use, BMI categories, physical
activity quartiles, and prior service in the US military. Interactions between race/ethnicity
and military service, and between age and military service were also tested. All analyses
were performed in IBM SPSS Statistics version 27 (Chicago, IL, USA), and were adjusted
for complex survey design and population weighting through the use of survey proce-
dures. Incorporating population weights, primary sampling unit and stratum variables
into the analyses accounts for differential probability of selection into the sample, as well
as non-response bias, making the results generalizable to the US adult population.



Int. J. Environ. Res. Public Health 2021, 18, 1743 4 of 13

3. Results
3.1. Descriptive Analysis

The analysis contained a total of 7820 adults who were aged 20 years or older and
indicated whether they had or had not previously served active duty in the US armed forces.
Table 1 reports the descriptive statistics for demographic and socioeconomic variables. The
mean telomere length was 5821.7, and the unadjusted difference in telomere length between
individuals with prior military service and no prior service was 225.8 base pairs. The mean
age of the sample was 46.1 years, which differed significantly between individuals with
and without prior military service. Individuals with prior military service had a mean
age of 55.8 years, while individuals with no prior military service had a mean age of
44.4 years. Individuals with prior service were also more likely to be male (94.4%) than
individuals without prior service (44.4%). Race/ethnicity, education, marital status, and
income to poverty ratio all differed significantly between individuals with and without
prior military service. Individuals with prior military service had a higher percentage who
were non-Hispanic White, had a college degree or more, were married, and had incomes at
least 4 times the poverty line.

Table 1. Weighted demographic and socioeconomic characteristics (n = 7820).

Variables Total Sample Prior Military
Service

No Prior Military
Service p Value *

Telomere length base pairs, mean (SE) 5821.7 (35.4) 5630.0 (30.0) 5855.8 (37.6) <0.001

Age in years, mean (SE) 46.1 (0.4) 55.8 (0.6) 44.4 (0.4) <0.001

Male Sex, percent (SE) 48.6 (0.5) 94.4 (0.8) 40.5 (0.7) <0.001

Race/Ethnicity, percent (SE) <0.001

Non-Hispanic White 72.9 (1.8) 84.8 (1.5) 70.8 (2.0)
Non-Hispanic Black 9.3 (1.1) 8.2 (0.9) 9.5 (1.1)
Mexican American 7.0 (0.9) 2.2 (0.4) 7.8 (1.0)
Other Hispanic 6.8 (1.6) 3.3 (1.1) 7.4 (1.8)
Other 4.0 (0.6) 1.4 (0.4) 4.5 (0.7)

Education, percent (SE) <0.001

Less than High School 21.4 (0.9) 14.7 (1.2) 22.6 (0.9)
High School Graduate or

Equivalent 26.0 (1.0) 28.3 (2.1) 25.6 (1.0)

Some College 28.4 (0.9) 28.6 (1.9) 28.3 (1.0)
College Degree or More 24.1 (1.6) 28.3 (2.1) 23.4 (1.6)
Missing 0.1 (0.0) 0.0 (0.0) 0.1 (0.1)

Marital Status <0.001

Never Married 15.7 (0.8) 8.6 (1.1) 17.0 (0.9)
Married 56.4 (1.4) 69.1 (2.1) 54.2 (1.4)
Live with Partner 5.3 (0.6) 3.3 (0.4) 5.7 (0.7)
Widowed 5.9 (0.4) 4.1 (0.6) 6.3 (0.4)
Separated 2.7 (0.2) 1.4 (0.4) 3.0 (0.3)
Divorced 8.5 (0.5) 8.2 (1.5) 8.5 (0.5)
Missing 5.4 (1.6) 5.4 (1.6) 5.4 (1.7)

Income to Poverty Ratio <0.001

At or Below Poverty 13.1 (0.9) 5.8 (0.9) 14.4 (0.9)
1.0 to 2.0 Times Poverty 18.9 (1.2) 15.9 (1.6) 19.4 (1.2)
2.01 to 3.0 Times Poverty 14.4 (0.6) 15.7 (1.3) 14.1 (0.6)
3.01 to 4.0 Times Poverty 12.7 (0.6) 13.8 (1.1) 12.5 (0.7)
More than 4.0 Times Poverty 33.3 (1.6) 41.7 (2.0) 31.8 (1.6)
Missing 7.6 (0.8) 7.0 (1.1) 7.8 (0.9)

Telomere length base pairs, mean (SE) 5821.7 (35.4) 5630.0 (30.0) 5855.8 (37.6) <0.001

* Rao-Scott Chi-Square Test.
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Behavioral and anthropometric variables also differed significantly by prior military
service status (Table 2). The percentage of prior smoking (42.8 vs. 22.4) and drinking
(23.7 vs. 15.0) behavior was higher among individuals with prior military service, as was
current infrequent (16.3 vs. 15.3) and frequent (13.7 vs. 11.6) binge drinking behavior.
Individuals with prior military service also had higher percentage of overweight BMI
status (42.9 vs. 32.5) and a higher percentage who were in the top quartile for physical
activity (20.9 vs. 15.1).

Table 2. Weighted behavioral and anthropometric characteristics (n = 7820).

Variables Total Sample
(n = 7820)

Prior Military
Service

(n = 1225)

No Prior Military
Service

(n = 6595)
p Value *

Smoking Status, percent (SE) <0.001

Current Smoker 24.4 (0.9) 23.8 (1.5) 24.5 (1.1)
Former Smoker 25.5 (0.9) 42.8 (1.5) 22.4 (0.9)
Never Smoker 50.0 (1.3) 33.4 (1.4) 52.9 (1.3)
Missing 0.1 (0.04) 0.03 (0.03) 0.1 (0.05)

Alcohol Consumption, percent (SE) <0.001

Lifetime Abstainer 12.2 (1.6) 4.5 (0.8) 13.5 (1.8)
Former Drinkers 16.3 (0.8) 23.7 (1.5) 15.0 (0.9)
Light Drinkers (no binge drinking) 30.5 (1.0) 26.3 (1.9) 31.3 (1.2)
Moderate Drinkers (no binge drinking) 2.8 (0.3) 2.9 (0.6) 2.8 (0.3)
Frequent Drinkers (no binge drinking) 5.8 (0.5) 9.6 (1.2) 11.6 (0.6)
Infrequent Binge Drinker 15.4 (0.7) 16.3 (1.4) 15.3 (0.7)
Frequent Binge Drinker 11.9 (0.5) 13.7 (1.1) 11.6 (0.6)
Missing 5.1 (0.4) 3.0 (0.6) 5.5 (0.5)

Body Mass Index, percent (SE) <0.001

Underweight 5.4 (0.3) 1.9 (0.3) 6.0 (0.3)
Normal weight 28.4 (0.9) 22.8 (1.7) 29.4 (1.0)
Overweight 34.1 (0.9) 42.9 (2.1) 32.5 (1.0)
Obese 29.6 (1.0) 30.2 (1.3) 29.5 (1.1)
Missing 2.5 (0.3) 2.3 (0.5) 2.5 (0.3)

Physical Activity Level Quartiles, percent (SE)

Quartile 1 14.9 (0.7) 13.7 (1.1) 15.1 (0.9) 0.006
Quartile 2 14.6 (0.7) 13.1 (1.1) 14.8 (0.7)
Quartile 3 17.1 (0.8) 17.8 (1.6) 16.9 (0.9)
Quartile 4 15.9 (1.0) 20.9 (2.2) 15.1 (0.9)
Missing 37.5 (1.3) 34.5 (1.7) 38.0 (1.4)

* Rao-Scott Chi-Square Test.

3.2. Multivariate Analysis

In multivariable regression models adjusting for demographic, socioeconomic, and behav-
ioral factors, mean telomere length was 43.7 (95% CI: −90.1, 2.7; p = 0.06) base pairs shorter for
individuals with prior military service compared with individuals with no prior military service,
in the total sample. In sex-stratified models, mean telomere length was 47.2 (95% CI: −92.9,
−1.5; p = 0.04) base pairs shorter for men with prior military service, but mean telomere length
did not differ between individuals with and without prior military service among women
(Table 3). Each year of age was associated with 14.4 (95% CI: −16.1, −12.6; p < 0.001) fewer
base pairs for men, and 13.2 (95% CI: −14.9, −11.4; p < 0.001) base pairs for women. Dividing
the difference in base pairs between individuals with and without prior military service by the
mean change in telomere length yields an estimate of the difference in cellular age between
individuals with and without prior military service. Therefore, men with no prior military
service are, on average, 3.3 years younger in terms of cellular age than similar males with prior
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military service (p < 0.05) (Figure 1). For example, men with prior military service at age 46
have the same mean telomere length as men with no military service do at age 49.

Table 3. Weighted results of total sample and sex-stratified, multivariable linear regression analyses of telomere length in
base pairs (n = 7820).

Variables
Total

(n = 7820)
Est (95% CI)

Males
(n = 3766)

Est (95% CI)

Females
(n = 4054)

Est (95% CI)

Intercept 6555.5 (6343.1, 6767.8) *** 6455.9 (6261.7, 6650.1) *** 6606.8 (6356.1, 6857.5) ***

Military Service

Military vs. No Military (ref) −43.7 (−90.1, 2.7) −47.2 (−92.9, −1.5) * 21.4 (−211.3, 254.0)

Age in years −13.7 (−15.1, −12.2) *** −14.4 (−16.1, −12.6) *** −13.2 (−14.9, −11.4) ***

Sex, Males vs. Females (ref) −30.6 (−62.6, 1.5) n/a n/a

Race/Ethnicity

Non-Hispanic White (ref)
Non-Hispanic Black 114.2 (33.1, 195.3) ** 63.8 (−18.0, 145.5) 161.8 (61.9, 261.7) **
Mexican American −98.2 (−208.6, 12.2) −93.2 (−208.9, 22.5) −104.3 (−223.8, 15.2)
Other Hispanic 94.7 (−112.1, 301.4) 68.4 (−129.8, 266.6) 119.2 (−106.3, 344.6)
Other −38.9 (−151.0, 73.2) −57.0 (−188.4, 74.4) −25.6 (−163.3, 112.1)

Education

Less than High School (ref)
High School Graduate or Equivalent 55.3 (0.5, 110.1) * 41.2 (−24.5, 106.9) 66.3 (−15.9, 148.4)
Some College 67.1 (6.0, 128.2) * 54.0 (−1.3, 109.4) 84.0 (−27.8, 195.8)
College Degree or More 97.8 (31.0, 164.6) ** 113.2 (41.5, 184.9) ** 81.5 (−28.3, 191.3)
Missing −22.5 (−594.2, 549.3) −359.7 (−650.8, −68.6)* 147.7 (−738.7, 1034.1)

Marital Status

Never Married (ref)
Married −81.6 (−129.8, −33.4) ** −84.1 (−143.7, −24.5) ** −76.4 (−153.4, 0.7)
Live with Partner −44.9 (−96.8, 7.0) −56.0 (−177.4, 65.5) −187.3 (−308.0, −66.5) **
Widowed −114.5 (−209.2, −19.7) * −110.0 (−238.6, 18.8) −42.0 (−127.5, 43.4)
Separated −119.8 (−199.9, −30.8) * −123.3 (−275.8, 29.1) −144.0 (−256.9, −31.0) *
Divorced −126.4 (−222.3, −30.6) * −147.6 (−253.8, −41.5) ** −104.2 (−219.1, 10.7)
Missing 153.9 (12.7, 295.0) * 137.0 (−13.2, 287.3) 165.4 (−38.9, 369.7)

Income to Poverty Ratio

At or Below Poverty (ref)
1.0 to 2.0 Times Poverty −83.1 (−190.1, 23.8) −35.6 (−142.7, 71.4) −115.2 (−243.5, 13.2)
2.01 to 3.0 Times Poverty −48.3 (−158.9, 62.3) −11.3 (−154.0, 131.3) −74.8 (−202.1, 52.5)
3.01 to 4.0 Times Poverty −32.9 (−163.6, 97.8) 46.6 (−106.0, 199.1) −100.9 (−232.2, 30.4)
>4.0 Times Poverty −47.3 (−113.2, 142.3) 21.1 (−96.7, 174.3) −101.6 (−249.1, 46.0)
Missing 14.5 (−113.2, 142.3) 61.0 (−52.3, 174.3) −18.7 (−187.0, 149.6)

Smoking Status

Never Smoker (ref)
Current Smoker −4.3 (−44.3, 35.7) 36.2 (−17.8, 90.3) −43.5 (−108.4, 21.5)
Former Smoker −34.0 (−82.0, 14.0) −11.4 (−74.3, 51.4) −50.7 (−114.4, 12.7)
Missing 99.7 (−175.4, 374.7) 271.3 (−130.8, 673.4) 24.5 (−364.3, 413.3)

Alcohol Consumption, percent

Lifetime Abstainer 41.6 (−40.6, 123.9) 53.3 (−85.6, 192.2) 20.4 (−67.3, 108.0)
Former Drinkers −35.6 (−88.0, 16.7) −10.2 (−107.9, 87.6) −59.9 (−130.6, 10.8)
Light Drinkers (no binge drinking) (ref)
Moderate Drinkers (no binge drinking) −39.6 (−99.3, 20.1) 26.4 (−78.8, 131.4) −108.1 (−235.4, 19.2)
Frequent Drinkers (no binge drinking) 58.8 (4.9, 112.7) * 59.1 (−43.9, 162.2) 71.3 (1.7, 140.9) *
Infrequent Binge Drinker 15.0 (−45.6, 75.6) 17.1 (−80.3, 114.4) 17.5 (−93.0, 128.1)
Frequent Binge Drinker 14.4 (−41.4, 70.2) 41.9 (−29.7, 113.5) −54.9 (−180.2, 70.4)
Missing 98.1 (16.8, 179.3) * 154.9 (29.8, 280.1) * 51.1 (−44.6, 146.9)
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Table 3. Cont.

Variables
Total

(n = 7820)
Est (95% CI)

Males
(n = 3766)

Est (95% CI)

Females
(n = 4054)

Est (95% CI)

Body Mass Index

Normal weight (ref)
Underweight −16.9 (−131.9, 98.1) −30.6 (−165.1, 104.0) 6.2 (−132.1, 144.4)
Overweight −53.8 (−116.2, 8.6) −52.8 (−127.9, 22.2) −49.9 (−138.3, 18.5)
Obese −77.9 (−132.7, −23.1) ** −88.0 (−159.0, −17.1) * −77.2 (−141.4, −12.9) *
Missing −8.3 (−96.2, 79.7) 154.9 (29.8, 280.1) * 44.4 (−80.5, 169.3)

Physical Activity Level Quartiles

Quartile 1 (ref)
Quartile 2 −45.9 (−116.2, 8.6) 0.2 (−76.7, 77.2) −87.0 (−203.2, 29.2)
Quartile 3 −5.0 (−84.8, 74.8) 15.5 (−56.2, 87.1) −18.2 (−131.0, 94.7)
Quartile 4 55.3 (−0.7, 111.4) 61.2 (7.6, 114.8) * 68.8 (−43.4, 181.1)
Missing −14.1 (−68.0, 39.7) 45.3 (−5.4, 96.0) −64.1 (−150.5, 22.5)

* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001. All variables listed in the table are included in the model.

For non-Hispanic Black women, the mean telomere length was 161.8 (95%. CI: 61.9,
261.7; p < 0.01) base pairs longer than non-Hispanic White women. There were no other
associations between race/ethnicity and telomere length for men or women.

Educational attainment was associated with a significantly longer mean telomere
length for men, but not for women. Men with a college degree or more education had
telomeres that were 113.2 (95% CI: 41.5, 184.9; p < 0.01) base pairs longer than men with
less than a high school education.

Men for whom educational attainment was missing had 359.7 (95% CI: −650.8, −68.6;
p < 0.05) fewer base pairs than men with less than a high school education. Men who
were married or separated had mean telomere lengths that were 84.1 (95% CI: −143.7,
−24.5; p < 0.01) and 147.6 (95% CI: −253.8, −41.5; p < 0.01) base pairs shorter, respectively,
compared with men who were never married. Women who lived with their partner or
widowed had mean telomere lengths that were 187.3 (95% CI: −308.0, −66.5; p < 0.01)
and 144.0 (95% CI: −256.9, −31.0; p < 0.05) base pairs shorter, respectively, compared with
women who were never married.

Men for whom alcohol consumption data were missing and women who were frequent
drinkers (drink more than once per week but no binge drinking) had mean telomere lengths
that were 154.9 (95% CI: 29.8, 280.1; p < 0.05) and 71.3 (95% CI: 1.7, 140.9; p < 0.05) base pairs
longer, respectively, than men and women who were light drinkers (one drinking day per
month or less and no binge drinking). Both men and women classified as obese (BMI > 30),
had mean telomere lengths that were 88 (95% CI: −159.0, −17.1; p < 0.05) and 77.2 (95% CI:
−141.4, −12.9; p < 0.05) base pairs shorter, respectively, than men and women who were
considered normal weight status. Men with higher physical activity levels, specifically
those in the top quartile of physical activity, had mean telomere lengths that were 61.2
(95% CI: 7.6, 114.8; p < 0.05) base pairs longer than men in the lowest quartile of physical
activity. Physical activity level was not associated with telomere length in women. Income
to poverty ratio and smoking status were not associated with telomere length for men or
women. The interactions between military service and race/ethnicity, and between military
service and age were tested in models for men and women, and in all cases the interactions
were not statistically significant.
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Figure 1. Multivariable regression-based mean telomere length in base pairs for males and females
at mean sample age of 46 years, and mean values of covariates (black bars), with year equivalents of
telomere difference between individuals with no military service (gray section of bar) compared to
individuals with military service.

4. Discussion

In this study, we found that mean telomere length in base pairs was significantly
shorter in men with prior military service compared to men without prior military service,
but not in women. We also found that adjusting for potential confounders in multivariable
models partially attenuated the difference in mean telomere length between men with
and without prior military service, but not completely. The unadjusted difference in mean
telomere length between men with and without military service was 225.8 base pairs,
while the estimated difference in the model adjusting for demographic, socioeconomic, and
behavioral covariates was 47.2 base pairs. Thus, the association between military service
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and mean telomere length was attenuated by 79% but remained statistically significant
after adjustment. The remaining amount of telomere shortening (47.2 base pairs) was
equivalent to 3.3 years of additional aging, all other things being equal. These results
suggest that, in men, significant residual telomere shortening is associated with prior
military service, over and above variability explained by differences in demographic,
socioeconomic, and behavioral profiles. While we did find that mean telomere length
was significantly longer in non-Hispanic Black women compared to non-Hispanic White
women, we found no evidence that prior military service was associated with shorter mean
telomere length among women. We also found no evidence for our secondary hypothesis
that the association between military service and shorter mean telomere length in men
differed by race/ethnicity.

One potential explanation for the differential telomere shortening among men with
prior military service is the potential for repeated exposure to highly stressful environments.
Military service has many inherently stressful exposures, such as deployments away from
friends and family, high physical and mental demands, and the possibility of combat
exposure. Chronic and high-intensity stress exposure has been linked to many health
problems, including PTSD [4] and hypertension [4], as well as telomere shortening [20,21].
Stress exposure has also been implicated in telomere shortening among military veterans
with combat exposure [32], PTSD [31,32] and issues with hostility [33]. The fact that
telomere shortening was observed for men, but not women, in our sample may further
support the stress hypothesis since women were not permitted in combat roles in the US
military until 2013, and thus would have been less likely to be exposed to similar levels
of combat stress as male counterparts during the time they served. However, women
are disproportionately at risk for other traumatic events in the military such as sexual
trauma [37].

Military service may also lead to physiological dysregulation arising from exposures
to (1) physical injuries, both combat and non-combat, and (2) other environmental toxins.
Combat injuries have been linked to development of PTSD [4,5,12], hypertension [4–6],
sleep disruptions [4], and inflammation [38,39], all of which have been associated with
telomere shortening [23,31,32,40–42]. Similarly, military service has been associated with
increased risk of exposure to many environmental toxins [43,44], including smoke inhala-
tion, chemical weapons, and water and air pollution, which have also been associated
with telomere shortening [45–48]. Specifically, the mean age for military veterans in this
sample is 56 years, which would mean this cohort would have been largely active during
the Vietnam War. Significant levels of PTSD [49] and toxin exposure, such as Agent Or-
ange [50,51], are known issues within the Vietnam cohort. Thus, these exposures could
explain the associations between military service and telomere shortening in this study.
While not universally detrimental, military service may pose a multitude of occupational
and environmental risks that ultimately work to accelerate the aging process by increasing
stress, inflammation, mood disorders and depression, and hypertension, which become
expressed through more rapid shortening of telomeres and other biological markers of
aging [52,53].

Strengths and Limitations

The main strength of this study is the use of data from nationally representative sur-
veys, with many demographic and socioeconomic factors, as well as biological measures
of telomere length. This allows for multivariable adjustment of many important demo-
graphic and socioeconomic risk factors. Another strength is the relatively large sample
size. However, the study does have some limitations. First, the study is observational
in nature, which limits causal inference. Also, while we have attempted to control for
important correlates and confounders of telomere length, it is not possible to account for
every possible risk factor and confounder, therefore, residual confounding is still possible.
Specifically, while we adjusted for age differences in our multivariable regression models, it
is still possible that residual age-confounding could exist and bias the results. Additionally,
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the NHANES only collected data on telomere length during the first two waves of the
continuous study, from 1999–2002. Given the ages of the military sample, many of the
military veterans in this study would have likely been serving active duty during the
Vietnam War, but it does not contain data for military veterans of the most recent conflicts
in Afghanistan and Iraq. Thus, the observed telomere shortening for military veterans
could be attributable to exposures that were unique to the Vietnam setting. Similarly, the
NHANES data do not contain longitudinal measures of telomere length over time, so
changes in telomere length over time cannot be assessed. Additionally, the method of
measuring telomere length in these individuals involves quantifying the mean length of
telomeres across many cells and cell types, which could obscure shortening that may be
associated with specific cell types. While NHANES did collect data on depression, anxiety,
and panic disorders, the diagnostic interviews were only administered to a small subset of
participants, therefore, data on mental health disorders were not included in this analysis.
Finally, while military service has the potential to involve exposure to highly stressful envi-
ronments, NHANES does not contain data on specific stress exposures, such as number of
deployments, exposure to combat, and exposure to environmental toxins. Thus, the specific
types, number, intensity, and combination of exposures during military service, biological
mediators, such as inflammatory responses, required to induce accelerated cellular aging
through telomere shortening remains unclear.

5. Conclusions

Based on data from the 1999–2002 NHANES study, our analysis supports the hypothe-
sis that prior military service is associated with significant telomere shortening in men, but
not women. The results add to the growing literature regarding the potential for repetitive
exposure to highly stressful occupational environments to accelerate the cellular aging
process. More research is needed to provide more clarity around the number and intensity
of exposures to stressful environments required, and to understand in more detail the
physiological pathways, including inflammatory processes, through which military service
operates to shorten telomeres.
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et al. Telomere shortening and immune activity in war veterans with posttraumatic stress disorder. Prog. Neuro Psychopharmacol.
Biol. Psychiatry 2014, 54, 275–283. [CrossRef]

32. Kang, J.I.; Mueller, S.G.; Wu, G.W.; Lin, J.; Ng, P.; Yehuda, R.; Flory, J.D.; Abu-Amara, D.; Reus, V.I.; Gautam, A.; et al. Effect of
Combat Exposure and Posttraumatic Stress Disorder on Telomere Length and Amygdala Volume. Biol. Psychiatry Cogn. Neurosci.
Neuroimaging 2020, 5, 678–687. [CrossRef]

33. Zhang, L.; Hu, X.-Z.; Russell, D.W.; Benedek, D.M.; Fullerton, C.S.; Naifeh, J.A.; Li, X.; Chen, Z.; Wu, H.; Ng, T.H.H.; et al.
Association between leukocyte telomere length and hostility in US army service members. Neurosci. Lett. 2019, 706, 24–29.
[CrossRef]

34. Cawthon, R.M. Telomere measurement by quantitative PCR. Nucleic Acids Res. 2002, 30, e47–e52. [CrossRef]
35. Needham, B.L.; Roux, A.V.D.; Bird, C.E.; Bradley, R.; Fitzpatrick, A.L.; Jacobs, D.R.; Ouyang, P.; Seeman, T.E.; Thurston, R.C.;

Vaidya, D.; et al. A Test of Biological and Behavioral Explanations for Gender Differences in Telomere Length: The Multi-Ethnic
Study of Atherosclerosis. Biodemogr. Soc. Biol. 2014, 60, 156–173. [CrossRef]

36. National Center for Health Statistics National Health and Nutrition Examination Survey, 1999–2000 Data Documentation,
Code-book, and Frequencies: Analytic Notes; Hyattsville, MD. 2015. Available online: https://wwwn.cdc.gov/Nchs/Nhanes/
1999-2000/TELO_A.htm#Analytic_Notes (accessed on 25 October 2020).

37. Wilson, L.C. The Prevalence of Military Sexual Trauma: A Meta-Analysis. Trauma Violence Abus. 2018, 19, 584–597. [CrossRef]
38. Hawksworth, J.S.; Stojadinovic, A.; Gage, F.A.; Tadaki, D.K.; Perdue, P.W.; Forsberg, J.; Davis, T.A.; Dunne, J.R.; Denobile, J.W.;

Brown, T.S.; et al. Inflammatory Biomarkers in Combat Wound Healing. Ann. Surg. 2009, 250, 1002–1007. [CrossRef]
39. Devoto, C.; Arcurio, L.; Fetta, J.; Ley, M.; Rodney, T.; Kanefsky, R.; Gill, J. Inflammation Relates to Chronic Behavioral and

Neurological Symptoms in Military Personnel with Traumatic Brain Injuries. Cell Transplant. 2017, 26, 1169–1177. [CrossRef]
40. Jackowska, M.; Hamer, M.; Carvalho, L.A.; Erusalimsky, J.D.; Butcher, L.; Steptoe, A. Short Sleep Duration Is Associated with

Shorter Telomere Length in Healthy Men: Findings from the Whitehall II Cohort Study. PLoS ONE 2012, 7, e47292. [CrossRef]
[PubMed]

41. Lung, F.-W.; Ku, C.-S.; Kao, W.-T. Telomere length may be associated with hypertension. J. Hum. Hypertens. 2007, 22, 230–232.
[CrossRef] [PubMed]

42. Morgan, R.G.; Ives, S.J.; Walker, A.E.; Cawthon, R.M.; Andtbacka, R.H.; Noyes, D.; Lesniewski, L.A.; Richardson, R.S.; Donato,
A.J. Role of arterial telomere dysfunction in hypertension. J. Hypertens. 2014, 32, 1293–1299. [CrossRef]

43. White, R.F.; Steele, L.; O’Callaghan, J.P.; Sullivan, K.; Binns, J.H.; Golomb, B.A.; Bloom, F.E.; Bunker, J.A.; Crawford, F.; Graves,
J.C.; et al. Recent research on Gulf War illness and other health problems in veterans of the 1991 Gulf War: Effects of toxicant
exposures during deployment. Cortex 2016, 74, 449–475. [CrossRef]

44. Richards, E.E. Responses to Occupational and Environmental Exposures in the U.S. Military—World War II to the Present. Mil.
Med. 2011, 176, 22–28. [CrossRef] [PubMed]

45. Rode, L.; Bojesen, S.; Weischer, M.; Vestbo, J.; Nordestgaard, B. Short telomere length, lung function and chronic obstructive
pulmonary disease in 46,396 individuals. Thorax 2013, 68, 429–435. [CrossRef] [PubMed]

46. Sanei, B.; Reza, J.Z.; Momtaz, M.; Azimi, M.; Sakhvidi, M.J.Z. Occupational exposure to particulate matters and telomere length.
Environ. Sci. Pollut. Res. 2018, 25, 36298–36305. [CrossRef] [PubMed]

47. Senthilkumar, P.; Klingelhutz, A.; Jacobus, J.; Lehmler, H.; Robertson, L.; Ludewig, G. Airborne polychlorinated biphenyls (PCBs)
reduce telomerase activity and shorten telomere length in immortal human skin keratinocytes (HaCat). Toxicol. Lett. 2011, 204,
64–70. [CrossRef]

48. De Felice, B.; Nappi, C.; Zizolfi, B.; Guida, M.; Sardo, A.D.S.; Bifulco, G.; Guida, M. Telomere shortening in women resident close
to waste landfill sites. Gene 2012, 500, 101–106. [CrossRef]

49. Hofmann, S.G.; Litz, B.T.; Weathers, F.W. Social anxiety, depression, and PTSD in Vietnam veterans. J. Anxiety Disord. 2003, 17,
573–582. [CrossRef]

50. Stellman, J.M.; Stellman, S.D. Agent Orange During the Vietnam War: The Lingering Issue of Its Civilian and Military Health
Impact. Am. J. Public Health 2018, 108, 726–728. [CrossRef] [PubMed]

51. Yi, S.-W.; Hong, J.-S.; Ohrr, H.; Yi, J.-J. Agent Orange exposure and disease prevalence in Korean Vietnam veterans: The Korean
veterans health study. Environ. Res. 2014, 133, 56–65. [CrossRef]

http://doi.org/10.1093/gerona/glt121
http://www.ncbi.nlm.nih.gov/pubmed/23946336
http://doi.org/10.1093/hmg/ddw070
http://www.ncbi.nlm.nih.gov/pubmed/26936823
http://doi.org/10.1203/00006450-200209000-00012
http://www.ncbi.nlm.nih.gov/pubmed/12193671
http://doi.org/10.1016/j.psyneuen.2016.09.006
http://doi.org/10.1016/j.pnpbp.2014.06.010
http://doi.org/10.1016/j.bpsc.2020.03.007
http://doi.org/10.1016/j.neulet.2019.04.020
http://doi.org/10.1093/nar/30.10.e47
http://doi.org/10.1080/19485565.2014.947471
https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/TELO_A.htm#Analytic_Notes
https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/TELO_A.htm#Analytic_Notes
http://doi.org/10.1177/1524838016683459
http://doi.org/10.1097/SLA.0b013e3181b248d9
http://doi.org/10.1177/0963689717714098
http://doi.org/10.1371/journal.pone.0047292
http://www.ncbi.nlm.nih.gov/pubmed/23144701
http://doi.org/10.1038/sj.jhh.1002314
http://www.ncbi.nlm.nih.gov/pubmed/18046431
http://doi.org/10.1097/HJH.0000000000000157
http://doi.org/10.1016/j.cortex.2015.08.022
http://doi.org/10.7205/MILMED-D-11-00083
http://www.ncbi.nlm.nih.gov/pubmed/21916326
http://doi.org/10.1136/thoraxjnl-2012-202544
http://www.ncbi.nlm.nih.gov/pubmed/23268483
http://doi.org/10.1007/s11356-018-3486-9
http://www.ncbi.nlm.nih.gov/pubmed/30368702
http://doi.org/10.1016/j.toxlet.2011.04.012
http://doi.org/10.1016/j.gene.2012.03.040
http://doi.org/10.1016/S0887-6185(02)00227-X
http://doi.org/10.2105/AJPH.2018.304426
http://www.ncbi.nlm.nih.gov/pubmed/29741935
http://doi.org/10.1016/j.envres.2014.04.027


Int. J. Environ. Res. Public Health 2021, 18, 1743 13 of 13

52. Wolf, E.J.; Logue, M.W.; Hayes, J.P.; Sadeh, N.; Schichman, S.A.; Stone, A.; Salat, D.H.; Milberg, W.P.; McGlinchey, R.E.; Miller,
M.W. Accelerated DNA methylation age: Associations with PTSD and neural integrity. Psychoneuroendocrinology 2016, 63, 155–162.
[CrossRef] [PubMed]

53. Wolf, E.J.; Morrison, F.G. Traumatic Stress and Accelerated Cellular Aging: From Epigenetics to Cardiometabolic Disease. Curr.
Psychiatry Rep. 2017, 19, 1–12. [CrossRef] [PubMed]

http://doi.org/10.1016/j.psyneuen.2015.09.020
http://www.ncbi.nlm.nih.gov/pubmed/26447678
http://doi.org/10.1007/s11920-017-0823-5
http://www.ncbi.nlm.nih.gov/pubmed/28852965

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Measures 
	Statistical Analysis 

	Results 
	Descriptive Analysis 
	Multivariate Analysis 

	Discussion 
	Conclusions 
	References

