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Summary

Background: Metabolic syndrome in adolescence has been associated with adverse
cardiometabolic outcomes in adulthood. Preliminary data suggest that boys may have worsened
metabolic syndrome components compared to girls. Yet, little is known about the physical health
of military dependents, a potentially at-risk population.

Objective: Examine sex differences in metabolic syndrome components in a sample of
adolescent military dependents.

Methods: Participants were adolescents (N = 139; 14.4 + 1.6 years; 45.3% male; 41.0% non-
Hispanic White, 19.4% non-Hispanic Black; BMI-z: 1.9 £ 0.4) at-risk for adult obesity and binge-
eating disorder due to an age- and sex-adjusted BMI >85th percentile and loss-of-control eating
and/or elevated anxiety. A multivariate analysis of covariance was conducted to compare
objectively measured metabolic syndrome components across boys and girls. Covariates were age,
race, loss-of-control eating status, anxiety symptoms, and BMI-z.
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Results: Metabolic syndrome components differed by sex (P=.01). Boys had higher systolic
blood pressure (P=.049), lower high-density lipoprotein cholesterol (P=.01), and higher glucose
(P=.001) than girls. Waist circumference, diastolic blood pressure, and triglycerides did not differ
between boys and girls (P> .05).

Conclusions: Future research should prospectively examine these relationships into adulthood.
If the current findings are supported, prevention programs should consider targeting
cardiometabolic health particularly among male adolescent military dependents.
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Metabolic syndrome (MetS) is a cluster of risk factors for adverse cardiometabolic
outcomes, such as type 2 diabetes and cardiovascular disease.1 MetS is diagnosed if at least
three of the following five criteria are met: (a) central obesity, (b) elevated systolic and/or
diastolic blood pressure, (c) low high-density lipoprotein cholesterol (HDL-C), (d) elevated
triglycerides, and (e) elevated fasting glucose.! The prevalence of MetS in adolescents in the
United States is approximately 8.6%,2 and notably, worsened MetS components in
adolescence are associated with an increased risk of adverse cardiometabolic outcomes in
adulthood. e.g.,

The majority of data comes from civilian samples and suggests that boys may have
worsened MetS components compared to their female peers. In a representative sample of
adolescents in the United States, descriptive data showed that more boys met diagnostic
criteria for at least one MetS component than girls (55.5% vs 45.5%, respectively). In
addition, boys had a higher prevalence of meeting full MetS criteria than girls (10.8% vs
6.1%, respectively), although this difference did not reach significance.2 Similarly, a cross-
sectional study of treatment-seeking adolescents with severe obesity found that, compared to
girls, boys had significantly higher triglycerides and systolic blood pressure, as well as lower
HDL-C.# In another sample of children and adolescents across all weight strata, boys had
higher waist circumference, fasting glucose, and systolic blood pressure.> However, the data
are not entirely consistent. For example, one study found that girls were more likely to have
multiple metabolic risk factors than boys, although interpreting this finding is complicated
given that analyses did not adjust for body composition.8 In another sample of youths, waist
circumference and systolic blood pressure were more frequently abnormal in boys than girls,
but there were no significant differences in dysglycemia.” Moreover, insulin resistance,
HDL-C, and triglycerides were more frequently abnormal in girls than boys.” However,
these effects varied across pubertal stages.” Taken together, findings from civilian samples
suggest that adolescent boys may have worsened metabolic syndrome components than
girls. However, given some contradictory results, future research is needed to examine sex
differences in high-risk populations to inform future prevention and intervention efforts.
Notably, sex differences in MetS components have not been examined in the children of
service members (military-dependent children), a population that may be particularly
vulnerable given their exposure to unique stressors such as frequent relocations and parental
deployment.8 Indeed, MetS may be uniquely associated with stress. A recent meta-analysis
of 30 studies in adults found that participants categorized as high-stress had a 45% higher
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chance of having MetS than adults in the low-stress groups.® Stress may impact MetS
through several different mechanisms, including behavioral (eg, decreased physical activity,
poor diet quality) and physiological (eg, glucocorticoid resistance) pathways.?

Among adolescents in the United States, the most recent comparison suggests that military
dependents have slightly lower rates of overweight/obesity than the general population.
Among military dependents aged 12 to 17 years, an estimated 29.9% had overweight/
obesity, compared to an estimated 33.6% (95% confidence interval: 30.9-36.5) of
adolescents aged 12 to 19 years for the general population.10-11 Data also suggest high rates
of disordered eating in military dependents,12 which have been associated with worsened
cardiometabolic health e.g.,13 as well as a potentially exacerbated presentation compared to
civilian youth.14 Contrasting with civilian data showing that adolescent girls are more likely
to experience disordered eating than their male counterparts e.g.,1° few sex differences have
been observed among adolescent military dependents.16 Lastly, the military is primarily
comprised of males,1” and individuals who serve are more likely to have had a family
member in the military,18 further emphasizing that adolescent dependents, particularly boys,
are an important group to examine to ensure military readiness. Therefore, the objective of
this study is to examine sex differences in MetS components of adolescent military-
dependent boys and girls at-risk for adult obesity and eating disorders. We hypothesized
that, after adjusting for body mass index and other relevant covariates, boys would present
with worsened MetS components compared to girls.

METHODS

Participants and Procedure

Participants were a convenience sample of TRICARE-eligible (a health care program for
United States service members and their families) male and female adolescent military
dependents who completed baseline assessments prior to participating in an obesity and
binge-eating disorder prevention trial (ClinicalTrials.gov identifier; NCT02671292). Eligible
youth were identified by the Defense Enrollment Eligibility Reporting System and recruited
through direct mailings, referrals from providers who care for adolescents with TRICARE
benefits, and flyers posted, with permission, on military bases and listservs. Recruitment
efforts were targeted towards parents of adolescents in the greater Washington, DC
metropolitan area. Adolescents and parents/guardians provided written assent and consent,
respectively. The study protocol was approved by the Uniformed Services University of the
Health Sciences Institutional Review Board and the Fort Belvoir Community Hospital
Research Office.

Adolescents were eligible if they were 12 to 17 years at the start of the study, had a BMI at
or above the 85th percentile adjusted for age and sex,1® and were English-speaking. Youth
were deemed at high-risk for adult obesity and binge-eating disorder based on either reports
of at least one episode of loss-of-control eating during the previous 3 months or elevated
anxiety symptoms.2%:21 Adolescents were excluded if they had a major medical or
psychiatric condition, weight loss during the past 3 months for any reason exceeding 3% of
body weight, or if they self-reported current or recent pregnancy, regular use of prescription
medications that affect appetite or body weight (unless weight stable for at least 3 months),
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or current involvement in psychotherapy or a structured weight loss program. Participants
and their parents were assessed at the Uniformed Services University’s Developmental
Research Laboratory on Eating and Weight Behaviors or the Family Medicine or Pediatric
Clinics at Fort Belvoir Community Hospital.

Measures

1.2.1| Body Composition—Height and fasting weight were measured with clothes on
and shoes removed to calculate BMI. BMI SD scores (BMI-Z), accounting for age and sex,
were then computed based on the Centers for Disease Control and Prevention standards.1® In
a large study of youth, BMI-zwas a stronger predictor of percentage body fat as measured
by dual X-ray absorptiometry than BMI;22 therefore, it was used as the primary measure of
adiposity in this study.

1.2.2| Metabolic syndrome components—Waist circumference (cm) was measured
in triplicate at the iliac crest with a tension tape measure. Systolic and diastolic blood
pressure (mmHg) were measured with the Life Source UA-789 Digital Blood Pressure
Monitor (A&D Medical, San Jose, CA) while participants sat upright. High-density
lipoprotein cholesterol (HDL-C; mg/dL), triglycerides (mg/dL), and glucose (mg/dL) were
measured from fasting blood samples collected by trained phlebotomists. Blood drawn at
both sites were analyzed on Cobas 6000 ¢ 501 systems (Roche Diagnostics, Indianapolis,
IN) using standard analytic procedures.23

1.2.3| Loss-of-Control eating—The Eating Disorder Examination interview v.14
OD/C.224 was administered by trained interviewers to assess the presence of loss-of-control
eating episodes in the past 3 months. This semi-structured interview has shown excellent
inter-rater reliability in adolescents.2>

1.2.4| Anxiety—The trait subscale of the State-Trait Anxiety Inventory for Children was
used to establish the anxiety eligibility criterion, with a score = 32 indicating elevated
anxiety.28 This questionnaire is a 20-item self-report measure of trait anxiety that has shown
very good psychometric properties.26 In this sample, the trait subscale demonstrated
acceptable internal consistency (Cronbach’s a = .77).

1.2.5| Depressive symptoms—Current depressive symptoms were measured with the
widely used, valid, and reliable Beck Depression Inventory-11.27 Scores range from 0 to 63;
higher scores indicate greater depression. The Beck Depression Inventory has demonstrated
high internal consistency and factorial validity in assessing self-reported depression in
adolescents.28 In this sample, the questionnaire demonstrated good internal consistency
(Cronbach’s a = .84).

1.2.6| Perceived stress—Stress was assessed with the Perceived Stress Scale,?9 a 14-
item self-report measure of the extent to which participants perceive experiencing
psychological stress in response to general life events that have occurred over the past
month. The 14 items are averaged to create a total score; higher scores indicate greater
perceived stress. The questionnaire has been validated in both community and laboratory
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samples.2? In this sample, the measure demonstrated acceptable internal consistency
(Cronbach’s a = .76).

1.3 | Data analytic plan

All analyses were conducted using IBM SPSS 25.0 (IBM Corp., Armonk, NY). Data were
screened for outliers and normality. Across all variables, extreme but plausible outliers
(defined a priori as at least three standard deviations from the mean; <1.5% of data points)
were recoded to that threshold in order to retain these cases but minimize their influence on
findings.30 Participant characteristics by sex were examined using independent samples #
tests or chi-square tests, as appropriate. To compare whether there were differences in the
frequency of meeting MetS criteria for boys and girls, we used cut-off values commonly
used in previous studies e.g.13 MetS was considered present if participants met at least three
of the following criteria: abdominal obesity (=90th percentile for age and sex), impaired
fasting glucose (=100 mg/dL), high triglycerides (=90th percentile for age and sex), low
HDL-cholesterol (<10th percentile for age and sex), and high blood pressure (=90th
percentile for age, sex, and height).31-33

For the primary analyses, metabolic functioning was examined continuously due to the lack
of consensus for clinical cut-offs for these components in youth.34 A multivariate analysis of
covariance (MANCOVA) was conducted with sex (boys vs girls) as the independent variable
and MetS components (waist circumference, systolic blood pressure, diastolic blood
pressure, HDL-C, triglycerides, and glucose) as the dependent variables. Covariates were
age in years (continuous), race (coded as 0 = non-Hispanic White or 1 = other), loss-of-
control eating status (coded as 0 = absent and 1 = present), anxiety symptoms (continuous),
and BMI-z (continuous). Analyses were repeated adjusting for perceived stress and
depressive symptoms, given their potential influence on MetS components.32:36 All primary
analyses were repeated, adjusting for BMI instead of BMI-zto ensure that the pattern of
findings remained similar regardless of the measure of adiposity used as a covariate. Lastly,
to ensure that group differences in body composition did not influence findings, as a
secondary analysis, the primary MANCOVA was repeated in a subset of the sample of boys
and girls, matched on BMI-z this MANCOVA did not include BMI-zas a covariate. All
tests were two-tailed and findings were considered significant when P-values were less

than .05. Eleven participants (7.9%) were missing perceived stress scores and were therefore
not included in the model additionally adjusting for perceived stress and depressive
symptoms.

2| RESULTS

2.1 | Participant characteristics

One-hundred and thirty-nine adolescents (14.4 £ 1.5 years; 41.0% non-Hispanic White,
19.4% non-Hispanic Black; BMI-z 1.9 + 0.4) were studied. Seventeen (12.2%) of
participants met criteria for MetS. Participant characteristics by sex for the sample are

shown in Table 1. Boys were significantly younger (P=.01), had higher BMI-z (P=.001)
and BMI percentile (P=.01), and reported fewer depressive symptoms (P < .001) and less
perceived stress (P=.02). Boys had a higher waist circumference (P=.01), lower HDL-C (P
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=.001), higher glucose (£ < .001), and were more likely to meet criteria for MetS (P=.01).
No other characteristic significantly differed by sex (5 > .05).

Primary analyses

In the total sample, adjusting for BMI-z, there was a significant association between sex and
MetS components, Pillai’s Trace = 0.13, £ (6,127) = 3.24, P=.01. Univariate analyses
indicated that boys had higher systolic blood pressure (boys: 120.9 + 1.6 vs girls: 116.3 +
1.5; P=.049), lower HDL-C (boys: 48.6 + 1.3 vs girls: 53.5 = 1.2; £=.01) and higher
glucose (boys: 89.9 + 0.8 vs girls: 86.2 £ 0.7; £=.001) than girls. No other component
significantly differed by sex (5 > .05). All univariate analyses are shown in Figure 1 and
Table 2. When analyses were repeated, adjusted for perceived stress and depressive
symptoms, the main effect of sex remained significant, Pillai’s Trace = 0.15, A6,114) =
3.32, P=.01, and findings remained consistent such that boys had lower HDL-C (P=.01)
and higher glucose (£ < .001) than girls. With the additional covariates in the model, the
relationship between sex and systolic blood pressure became nonsignificant (£=.07). When
analyses were repeated using BMI as a covariate instead of BMI-z, the pattern of findings
remained similar.

Secondary analyses

A total of 116 participants (14.2 + 1.5 years; 50% female; 39.7% non-Hispanic White,
20.7% non-Hispanic Black) drawn from the larger dataset were matched on BMI-z (boys:
2.0+ 0.4 vsgirls: 2.0 £ 0.2; £>.99). In this subsample, boys were significantly younger (P
=.01), reported less anxiety (P=.02) and depressive symptoms (P < .001), less-perceived
stress (P=.04), and had higher glucose (P=.003). No other characteristic significantly
differed by sex (ps > .05).

When the MANCOVA was repeated in this subsample matched on BMI-Z, the association
between sex and MetS components remained significant, Pillai’s Trace = 0.16, A6,103) =
3.24, P=.01. Similar to the primary analyses that did not adjust for perceived stress and
depressive symptoms, univariate analyses indicated that boys had higher systolic blood
pressure (boys: 121.3 £ 1.7 vs girls: 115.2 £ 1.7; £=.02) and glucose (boys: 89.8 + 0.8 vs
girls: 86.0 £ 0.8; A=.002), and lower HDL-C (boys: 48.1 + 1.3 vs girls: 52.0 £ 1.3; P=.04)
than girls. No other component significantly differed by sex (A > .05). All univariate tests
for the BMI-z-matched cohorts are shown in Table 3.

DISCUSSION

Adjusting for BMI-z, we found that adolescent military dependent boys had worsened MetS
components compared with their female peers, including systolic blood pressure, HDL-C,
and glucose. A similar pattern remained in analyses additionally adjusting for depressive
symptoms and perceived stress, such that boys had lower HDL-C and higher glucose than
girls. Lastly, within a subsample matched on BMI-Z, the pattern of findings persisted, such
that boys had worsened systolic blood pressure, glucose, and HDL-C than girls, supporting
the notion that findings were not solely due to sex differences in BMI-z. These findings
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suggest that at an equivalent BMI, male adolescent military dependents may present with
some worsened components of MetS than female adolescent military dependents.

These findings parallel the majority of previous research on sex differences in MetS
components among civilian youth.24> There are several potential explanations for these
observed sex differences. Lifestyle factors may partially explain these differences, as a
previous study in treatment-seeking adolescents with severe obesity found that boys reported
more screen time, higher intake of sugar-sweetened beverages and soda, and lower intake of
vegetables compared to girls.4 Physiological differences may also explain worsened MetS
components in boys vs girls. For example, males tend to have more visceral adiposity in the
abdomen and are less sensitive to insulin action than females.3” Long-term testosterone
exposure may also promote blood pressure elevation in boys, particularly in the presence of
increased intra-abdominal adiposity.38 In comparison, female sex hormones such as estrogen
may confer protective cardiometabolic effects for females, such as increased HDL-C.39
However, these potential lifestyle and physiological mechanisms were not examined in the
current study. Notably, given that girls in the current sample reported more stress and
depressive symptoms than boys, it might have been expected that girls would have had
higher—or at least equivalent—MetS values. As this was not the case, future research
should directly examine the behavioral, physiological and psychological mediators between
sex and MetS components in adolescent military dependents.

The current findings may be particularly relevant for the military health system. It is
estimated that approximately 30% of military dependents have overweight or obesity,%° and
about 20% report disordered eating,12 with a potentially exacerbated severity compared to
their civilian counterparts.14 Excess weight and obesity and associated comorbidities in
military family beneficiaries is estimated to cost the TRICARE program over a billion
dollars per year.#! As such, it is important to develop targeted interventions for military
dependents to prevent and ameliorate the adverse physical outcomes associated with
disordered eating and high weight. Notably, puberty appears to be a more critical period for
a persistent increase in some blood pressure for boys than girls, potentially due to
differences in testosterone.2 Systolic blood pressure is also a stronger predictor of
cardiovascular risk than diastolic blood pressure*3; therefore, the finding that boys had
higher systolic blood pressure than their female counterparts suggests the potential need for
prevention programs in adolescent military dependent boys.

Importantly, high weight and associated adverse physical outcomes may also significantly
impact future military readiness.** Compared to their civilian peers, military dependents are
more likely to serve in the military as adults,® and approximately four in five active duty
military members are men.1” Excess weight is the leading cause of medical rejection from
the military.#° In addition, the development of obesity-related comorbidities and/or eating
disorders also precludes individuals from serving in the military. Therefore, adolescent
military-dependent boys represent a particularly important population for prevention and/or
early intervention to ensure that future military readiness is not impacted. In civilian
samples, preliminary research suggests family-based lifestyle interventions#® or diet and
exercise interventions#’ may improve MetS components in youth with high weight. In
another study, the remission of loss-of-control eating following obesity prevention programs
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was associated with improved glucose, HDL-C, and triglycerides at 6-month follow-up,*8
suggesting that targeting loss-of-control eating may improve some MetS components. The
effectiveness of these interventions, as well as other psychological and behavioral
interventions, should be examined in adolescent military dependents.

Strengths of this study include the direct measurement of MetS components in a potentially
vulnerable population. In addition, analyses adjusted for relevant covariates, such as BMI
and psychopathology. However, certain limitations should be noted. First, we did not have a
measurement of adiposity, such as dual-energy X-ray absorptiometry. However, previous
research has shown a high correlation (r=.78) between age- and sex-adjusted BMI scores
and adiposity as measured by dual-energy X-ray absorptiometry in youth.4® The study did
not collect information on the family history of overweight/obesity or MetS, both of which
may be important variables to consider when examining sex differences in MetS
components. This study also did not have additional measures of cardiometabolic health,
such as inflammatory markers or presence of non-alcoholic fatty liver disease, which would
potentially have provided more insight into physiological differences between boys and
girls. We also did not have a measure of pubertal status, which can differentially impact
cardiometabolic outcomes across boys and girls,” or relevant physiological data such as
estrogen and testosterone concentrations.38:39 Therefore, it is unknown if our findings would
have changed after adjusting for these potential covariates. Importantly, this analysis was
cross-sectional, so temporality and causality of the observed relationships cannot be
determined. Participants who used prescription medications that may impact appetite or
body weight were included (albeit only if they were weight stable for at least 3 months),
which potentially may have impacted our findings. Future research should examine the
impact of medication status on the relationship between sex and metabolic syndrome
components in adolescent military dependents.

Another consideration is that this sample consisted of adolescents with overweight/obesity,
but without significant obesity-related medical comorbidities, who volunteered for a
randomized, controlled interventional trial. Therefore, findings may not generalize to
adolescents with more severe pathophysiology or to those not interested in an interventional
study. However, examining differences in MetS components among adolescents prior to the
development of clinical conditions is important for targeted prevention. While the degree of
sex differences in MetS components in adolescence may be somewhat small with regard to
clinical significance, these differences may point to increased risk of adverse clinical
outcomes in the future. For example, previous research has shown that even a small increase
within the non-clinical range of fasting glucose may increase the risk of developing type 2
diabetes in healthy young adults.5° Future research should address these limitations by
prospectively examining sex differences in cardiometabolic health in military dependents
across pubertal development and into adulthood. It would also be important to examine
potential psychological, behavioural, and physiological mechanisms explaining these sex
differences. If mechanisms are elucidated and sex differences are supported prospectively,
developing targeted approaches to prevent worsening cardiometabolic health may be
warranted.
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In conclusion, after adjusting for body mass index, male adolescent military dependents had
worsened metabolic syndrome components compared to their female counterparts. These
findings are particularly relevant given that adverse physical outcomes in adolescent military
dependents may significantly impact military health system costs as well as future military
readiness. Research is required to prospectively examine mediators and moderators of the
relationship between sex and cardiometabolic health to inform development and application
of prevention and intervention programs to mitigate adverse cardiometabolic health
outcomes.
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Associations of sex with waist circumference, systolic blood pressure, diastolic blood
pressure, high-density lipoprotein cholesterol (HDL-C), triglycerides, and glucose, adjusting
for age, race, loss-of-control eating status, anxiety, and BMI-z Compared to girls, boys had
(A) no difference in waist circumference, P= .18, (B) higher systolic blood pressure, P
=.049, (C) no difference in diastolic blood pressure, £=.93, (D) lower HDL-C, P= .01, (E)
no difference in triglycerides, P= .45, and (F) higher glucose, A= .001
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TABLE 1

Participant characteristics by sex for entire sample (N = 139)

Boys(n=63) Girls(n=76) p

Age (years) 13.9(1.4) 14.8 (1.5) oLr
Race, n (%) .69
Non-Hispanic White 27 (42.9) 30 (39.5)
Non-Hispanic Black 11 (17.5) 16 (21.1)

Hispanic 13 (20.6) 15 (19.7)
Other/unknown 12 (19.0) 15 (19.7)

Visit location, n (%) .54
Fort Belvoir 50 (79.4) 57 (75.0)

Uniformed Services University 13 (20.6) 19 (25.0)

BMI 30.2 (4.8) 30.3(3.8) .94
BMI-z 2.1(0.4) 1.8(0.3) ooL”
BMI percentile 97.2 (2.5) 96.0 (3.0) o1*¥
Loss-of-control eatinga, n (%) 39(61.9) 44.(57.9) 63
Anxiety 37.7(5.3) 39.5 (6.5) .07
Depressive symptoms 9.7 (5.3) 14.9 (7.8) <001”
Perceived stress 24.9 (6.8) 27.7 (6.4) 02%
Waist circumference (cm) 100.1 (11.8) 95.0 (10.9) o1*
Systolic blood pressure (mmHg) 120.6 (13.6) 116.4 (11.5) .05
Diastolic blood pressure (mmHg) 73.6 (10.3) 72.9 (8.0) .64
HDL-C (mg/dL) 47.8(9.2) 54.1 (11.7) oor”
Triglycerides (mg/dL) 101.6 (53.3) 85.8 (44.4) .06
Glucose (mg/dL) 90.0 (6.2) 86.0 (5.8) <001”
MetSb, n (%) 01
Presence 13 (20.6) 4(5.3)

Absence 50 (79.4) 72 (94.7)

Abbreviations: BMI-z, body mass index adjusted for age and sex; HDL-C, high-density lipoprotein cholesterol.

Notes. Data presented as M (SD) unless otherwise noted.

aLoss-of-controI eating presence in the past 3 months.

bMetaboIic syndrome (MetS) was defined as meeting three of the following five criteria: abdominal obesity (=90th percentile for age and sex),
impaired fasting glucose (=100 mg/dL), high triglycerides (=90th percentile for age and sex), low HDL-C (<10th percentile for age and sex), and
high blood pressure (=90th percentile for age, sex, and height).

*
Group differences are significant at £< .05 for independent samples #tests or Chi-square analyses, as appropriate.
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