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ABSTRACT

Title of Dissertation: The Associations between Permanent Change of Station (PCS) Moves,
Parenting Stress, and Family Resilience in Relation to the Physical and Psychological

Health in a Sample of High-Risk Military Adolescents.

Phillip C. Kroke, Doctoral Candidate, 2022

Dissertation directed by: Jeffrey L. Goodie, Ph.D., ABPP, Professor and Director of Clinical

Training, Department of Medical and Clinical Psychology

Permanent change of station (PCS) moves are a frequent and significant stressor for
military families. At any given time, approximately one-third of military families are
experiencing disruptions due to a PCS move. Military families rank PCS moves as highly
stressful — second only to deployment. Consequently, it is important to understand how the
stress of military relocation may adversely impact servicemembers, their families, and the
military’s family readiness system. Past work has focused on how PCS moves influence
servicemember readiness and operational performance. Comparatively little research has
examined the biopsychosocial sequelae of PCS moves for military children and adolescents. The
existing research on the impact of PCS moves for military adolescents suggests relocation stress
interacts with: the stress, mental health, and coping of the parent; community/familial resources;
and the frequency/recency of relocation events. Youth with inherent vulnerabilities (e.g.,

anxiety, loss of control eating) and psychosocial risk history may be particularly affected by PCS



moves. Assessment methods utilizing both biological and psychological data offer a promising
method of understanding military relocation stress’ influence on adolescent development —
especially for at-risk youth samples. Given the dearth of research on this important topic, this
study’s goals are: 1) to study the association between PCS moves and physical/psychological
health in a vulnerable adolescent sample; and 2) to determine if the proposed association is
moderated by: community/familial factors (i.e., family resilience) and the stress, mental health,
and coping of the parent (i.e., parenting stress). To accomplish these goals, the study conducted a
secondary analysis drawn from the Preventing Obesity in Military Communities — Adolescents
study (ClinicalTrials.gov ID: NCT02671292). The parent study was an obesity prevention trial
designed to investigate the efficacy of group interpersonal psychotherapy for military
adolescents with elevated anxiety and/or the presence of loss-of-control eating. Given this
inclusion criteria, the sample was considered at high-risk for developing binge-eating disorder
and adult obesity and may be at a heightened risk of the potential negative outcomes associated
with PCS moves. We hypothesized that PCS moves in adolescents would be associated with
worse physiological health and reduced psychological well-being. It was also expected family
processes would moderate the association such that the negative association between PCS
mobility and physical/psychological health would be attenuated at greater levels of family
resilience and exacerbated at higher levels of parenting stress. Participants were 164 military-
associated adolescents (age:14.5+1.6yr, 58.5% female, 57.9% white, BMIz:1.9+0.4) drawn from
baseline assessments prior to treatment randomization. No significant difference was found for
any of the demographic variables between those with a history of relocation (77.5%) and those
who had no history of relocation (22.5%). For the primary analysis, a series of multiple linear

regression models were conducted using multiply imputed data to examine the relationship



between PCS moves with 1) PSS total score, 2) BDI-II total score, 3) the allostatic load index,
after adjusting for covariates. To examine if PCS moves interacted with the parenting stress (PSI-
SF) or family resilience (FRAS), the linear regression models were repeated with the addition of
two separate interaction terms. The interaction term was computed by the product of mean-
centered PCS moves and the mean-centered interaction terms (i.e., PSI, FRAS). Results from the
analyses did not support the hypothesized relationship between PCS moves and physical/
psychological health. Family resilience processes and parenting stress were also not found
influence the relationship between PCS moves and worse psychological/physical health.
Contrary to expectations, PCS moves were found to be significantly negatively associated (b = -
0.42, SE[b] =0.21, p =.044, 95% CI [-0.83, -0.01]) with scores on a measure of general stress
(PSS), such that participants who reported more moves also reported lower perceived stress.
Although this unexpected finding should be interpreted with caution, it seems to refute a number
of common misconceptions regarding the deleterious effect of PCS moves for military-
associated youth. In fact, it suggests PCS moves may enhance resilience under certain
circumstances. Future research should expand on the current study’s limitations by including
longitudinal designs, operationalize relocation to incorporate PCS recency, and replicate findings

with larger community samples.
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CHAPTER 1: INTRODUCTION

Readiness, Relocation, and the Military Adolescent

There are currently over 1.6 million children within Active Duty (AD) and Selected
Reserve (SR) military families (99). Military families have historically played an important role
in national defense strategy (435). In our current era, the Department of Defense (DoD) regards
the health and well-being of military families as essential to servicemember operational readiness
(408). Considerable resources have been spent developing a comprehensive family readiness
system to enhance the health and well-being of military families (98; 349). To ensure family
readiness programs successfully navigate the challenges experienced in the context of military
service, DoD policymakers and researchers have a vested interest in understanding unique
challenges experienced by military families. Past research identified deployment and other
military lifestyle stressors as having a significant impact on family functioning and well-being
(172; 252).

One important challenge for military families are frequent relocations to national and
international duty stations. Relocations associated with military service are classified as
permanent change of station (PCS) moves. Over a third of military personnel are in the midst of
a PCS move at any given time (408) and PCS moves are ranked as a prominent stressor for
military families (29; 49; 385). Exposure to relocation-related stress is problematic for children
and adolescents since stress may result in lower physical health and/or the onset of psychological
disorders (36; 331; 407). The available research examining frequent PCS moves on the health
and well-being of military families is limited, especially considering the prevalence of PCS
moves for military families. Despite these limitations, there is sufficient evidence to suggest

military relocation stress is influenced by: 1) the stress, mental health, and coping of the parent;
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2) community/familial resources; 3) inherent vulnerability and risk history; and 4) the frequency
and recency of relocation events (56; 288).

Relocation stress may impact vulnerable sub-populations who are already at-risk for
developing significant physical and mental health conditions. In particular, military-connected
adolescents with existing morbidities may be particularly vulnerable to relocation stress due to
stress sensitivity in emerging biological systems (146; 252). Accordingly, it is important to
understand which military adolescents are at particular risk for adverse adjustment to PCS
moves. By using an ethnically diverse sample of military-connected adolescents at-risk for
developing obesity and/or binge eating disorder, this study was designed to examine relations
between relocation stress and biopsychosocial functioning.

The aim of this introductory chapter is to describe the known relations between military
adolescent relocation, stress, and adverse health outcomes while identifying gaps in existing
knowledge. To achieve these aims, this chapter will review the history of the U.S. military
family, the family readiness system, and adolescent military relocation. Next, the associations
between military relocation and adverse physical/psychological health outcomes will be
reviewed. A conceptual model of Military Relocation Stress will be presented incorporating
relocation factors thought to contribute to the psychosocial adjustment of a PCS move.
Resilience factors and the family resilience model (425) will be examined as moderators of
military relocation stress in order to better elucidate the relationship between relocation, stress,
and adverse health outcomes. The two-stage allostatic model will be introduced to conceptualize
military relocation stress’ impact on physiological systems. Lastly, a proposed biological index
of allostatic load (i.e., chronic stress) will be defined and justified for inclusion into the proposed

study.
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Families and Adolescents in the Military Context

The U.S. military has been aptly designated a “greedy institution,” in that it imposes a
pattern of demands on servicemembers beyond many civilian professions (353). Accordingly,
the “military lifestyle” involves a unique combination of stressful commitments, including, but
not limited to extended duty hours, familial separation, frequent relocations, and exposure to
combat (194). In addition, DoD-wide cyclical budget cuts, manpower adjustments, and other
policies can significantly impact servicemember and family functioning. A high operational
tempo over the past 20 years has led to an accumulation of many of these unique stressors (326).
Although this stress load is generally attributed to the servicemember, military families are also
affected (339). Despite the potential hardships of the military lifestyle, families are essential to
the well-being and mission readiness of their respective services. Families were not always
afforded such concern by military or political leadership. Indeed, the perception of military
families has transitioned substantially over the past 50 years.
History of U.S. Military Families

The military family has played an important, multi-faceted role throughout the history of
the U.S. Armed Forces. For the purposes of this study, military family is defined as immediate
family related by blood, adoption, or marriage to a current service member. In the early U.S.
military, the spouses, children, and assorted hangers-on informally fulfilled critical functions in
the sustainment of the military formation (204; 421). However, the term “military family” gained
a formal connotation in the 1970s along with one of the most significant demographic shifts in
U.S. military history: the 1973 transition to an all-volunteer force (AVF). Pre-transition, the U.S.
military relied on a small core of professional soldiers supplemented in times of war through

universal conscription of young males. Conscripted, military-age males historically delayed
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having a family until the completion of their service commitment (362). The transition to AVF
eliminated conscription and, as a result, dramatically increased the prevalence of military
families. To illustrate this demographic shift, military family members now outnumber
servicemembers by over 500,000 (99). Of the 2.1 million Servicemembers, nearly half (48.7%)
are married, close to a third (32.9%) are married with children, and a relatively low percentage
(5.9%) are single parents (99).

Eliminating conscription also relegated the military recruiting process to standard market
forces to compete with the civilian sector. Retirement plans, competitive wages, and mandated
healthcare are necessary to attract and retain motivated workers. Introducing the “free market” of
voluntary military service also introduced another pressure: the amenability of families to the
military lifestyle (362).

The Military Family Readiness System

Throughout the majority of U.S. military history, consideration for family well-being was
piecemeal, improvisational, and reactive — save for families of senior military leadership (362). It
took the decade following the transition to AVF for the family’s role in retention and well-being
to come under significant scrutiny by the higher echelons of military leadership. In his seminal
1983 white paper, The Army Family, the Army Chief of Staff outlined the “Army Family” and
the “Army Family Research Program” as essential components for military readiness of an all-
volunteer force (435). As a result of these concentered efforts from the Army and its sister
branches, a considerable amount of government-sponsored research studied how military
lifestyle stressors adversely influence the readiness of the armed forces (362).

Many of the military’s modern systematic family-care programs are a result of this

concerted push by military decision-makers. For the U.S. Army, the earliest systemic change was
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guided by the Army Family Action Plan (AFAP). The AFAP was formal process wherein
grassroots delegates convened, forwarded concerns, and recommended improvements to remedy
family-related issues (376). By any measure, the AFAP was highly effective at addressing
systemic change for military families. Shinseki (362) reviewed AFAP’s progress between 1984
to 2003 to find 82 legislative changes in congress, 130 revised DOD/Army regulations, and 140
improvements to existing military programs/services.

The legacy of AFAP and similar programs continues today with 5% of the FY2020
Department of Defense (DOD) personnel budget allocated to programs designed to strengthen
military families (100). Examples of such improvements include: quality child-care and housing
(62), access to unique medical needs through the Exceptional Family Member Program (430),
transition assistance for students in the Department of Defense Education Activity (DODEA)
school system (38), and support for Family Readiness Groups (362). There appears to be no

shortage of services afforded to military families; Conforte et al (83) identified hundreds of

DOD/VA sponsored and private/non-profit family support services tailored specifically to
military families/adolescents.

The plethora of resources has led some to suggest military families might be best served
by improving the delivery, efficiency, and surveillance of available services (83). One proposed
solution to improve the family readiness system is to target vulnerable military sub-populations
for detailed surveillance and evidence-based interventions/policies. One such sub-population of
the U.S. military family, the military adolescent, appears to be especially vulnerable to military

lifestyle stressors.
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Adolescents in the Military context

Military children and adolescents have undergone dramatic scrutiny by military leaders,
policy makers, and social scientists during the transition to the AVF. As a result, the 1970s
generated significant research interest on the possible adverse impact of the military lifestyle on
children/adolescents (154). Military adolescents have become increasingly important as they
emerge to be a substantial sub-population within modern military communities. Of the 1.6
million military children, 389,510 are adolescents between the ages of 12 and 18 (99).

Leaders and policy-makers have also increasingly recognized the importance of military-
connected youth for national security. There is a wide body of evidence to support the health and

well-being of youth has a demonstrable impact on family/parental functioning (104; 210; 251).

Indeed, parenting a child with special medical and/or psychiatric considerations necessitates
heavy parental involvement and, without proper support/resources, may result in parental distress
(43). In chronic illness, the severity of a child’s symptomatology is one of the most consistent
predictors of parenting stress (231). In the military context, the downstream impact of parenting-
related stress adversely influences operational performance and retention (21). Nearly 10% of
military families identify at least one family member with special medical considerations (430).

Although the military has developed programs to support these families (430), military-specific

stressors (e.g., deployment, relocation) can exacerbate existing physical and mental health
conditions. Given the identified relationship between the well-being of the military child and
servicemember performance, the family readiness system has a vested interest in preventative
measures for vulnerable family members (83).

There is also evidence to suggest America’s military is increasingly becoming a “family

business” (403). Nearly 80% of veterans have a family member who served versus only 69% of
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the general public, and the gaps are even more pronounced amongst younger veterans (375). This
data suggests U.S. military families are increasingly shouldering the burden of service in the
Armed Forces. Currently, only 29% of U.S. youth meet military eligibility requirements which
further reduces the pool of qualified volunteers. These trends have raised serious interest in
addressing the physical and emotional needs of military-connected family members (375). The
inter-related factors of weight status and psychological health conditions in military-connected
youth have emerged to be the most significant medical factors limiting eligibility for military
service (201). As a result, policy makers have begun to view U.S. military-connected youth as a
diminishing resource requiring serious intervention for their physical and emotional well-being.
In the 1970s, Lagrone (208) compiled his clinical observations into what he termed as a
“Military Family Syndrome;” thought to be caused by military culture/policies inimical to
healthy family functioning. Although Lagrone (208) should be credited for bringing attention to
military children/adolescents, later researchers characterize his work to be more representative of
a post-Vietnam polemic against military culture (86). Fortunately, later researchers contested his
chief assertions: there is limited evidence for a “military family syndrome” nor any consistent
differences in behavioral health outcomes between military and civilian samples (187). For

example, Williamson et al (439) conducted a recent systematic review of child well-being across

civilian and military-connected samples. Across the nine studies identified, military-connected
children/adolescents did not differ substantially from their civilian counterparts on externalizing
behavior, substance use, and/or mental health problems. However, specific demographics (i.e.,
age, sex) and lifestyle (i.e., parental/sibling deployment) factors were associated with greater risk

for substance use, depressive symptoms, and externalizing behaviors. Cozza and Lerner (86)

likewise characterized military children/adolescents as a healthy and adaptive cohort, but as
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vulnerable to adjustment difficulties when exposed to specific military lifestyle stressors (e.g.,
deployment/family separation).

Historical interest has centered primarily on deployment-related concerns for military
families. There is evidence to suggest deployment adversely impacts servicemember (172) and

family well-being (281). For example, Higgins Neyland et al (172) found that for those parents

with high parental distress greater deployment frequency was associated with indices of
adolescent psychopathology. Given the extensive research interest deployment has generated, it
may be valuable to examine other military lifestyle stressors. Relocation, one such lifestyle
stressor for military adolescents, has generated increasing interest from policy makers and social
scientists (408).
Relocation in the Military Context

Relocations associated with military service are classified as permanent change of station
(PCS) moves. The PCS move process originated in the 1800s but its policies have undergone
significant revision in the past 50 years (212). The primary impetus for these changes also
coincided with AVF-related research which suggested high rates or relocation adversely

influenced attrition rates, retention, well-being, and overall mission readiness (36; 44; 115; 275;

329; 344; 417). Recently, Tong et al (408) reviewed the military relocation literature and posited

three pathways which explain the known deleterious effects of relocation on readiness: 1) a
reduction in servicemember retention intention; 2) reduced spousal employment and earnings; 3)
and increased stress leading to psychiatric illness, child behavioral issues, and financial issues.
To note, the third category mentioned will be of special consideration for the purposes of this

study.
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As a result of this concerted research effort, policymakers and stakeholders have
amended policy and instituted programs to mitigate stress associated with the military lifestyle -
including relocation (408). To illustrate this shift, there have been over 108 changes to relocation
policy for the families of armed services since the 1980s (362). Despite such progress, relocation
policy has several recognized areas of improvement: 1) address the relocation stress induced by
family disruptions; 2) improve surveillance and programmatic evaluation of existing services and
programs (408). The proposed study will address both areas by operationalizing relocation stress
and evaluating current trends in a sample of vulnerable youth. The following section will provide
an overview of current PCS policy, introduce the concept of military relocation stress, and
describe relocation-induced disruptions for the military family and child.

PCS Process and Military Relocation Stress: First-Order and Second-Order Disruptions

The PCS is a lasting assignment (i.e., > 6 months), detail, or transfer of a servicemember
and their family to a different duty station (408). The rationale for multiple relocations varies,
but is generally done to meet manning requirements, provide broadening opportunities, and
maintain good order and discipline. Duty stations are spread throughout the continental United
States (CONUS) and outside of the continental United States (OCONUS; i.e., Hawaii, Alaska).
OCONUS also includes various overseas military bases and territories across the world (18). A
PCS may be initiated in response to accessions or separation of a servicemember, rotational
requirements, or operational transfers to another duty station within the CONUS (176). PCS
moves are generally routine (i.e., every 3-4 years) and expected. The flexibility for any given
servicemember to select their duty station is variable and contingent upon their specialty, rank,

and time in service (18).
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Military relocation stress is the cumulative stress load caused by a PCS move. The stress
of relocation can be caused by first-order and/or second-order disruptions (105). First-order
disruptions are stressors concurrent to the relocation process (408). Stressors in this category are
contingent on the resolution of an expected, resolvable, and normative stressor. Examples of
first-order disruptions include: the need to find a new home, changing schools, or acclimating to
a new community. Second-order disruptions are indirect stressors that occur at any time during
or following a relocation. This category of disruptions consists of the lasting psychosocial
sequalae of a move. Altered family functioning, mental health, peer support, and academic
outcomes are some examples second-order disruptions. These disruptions often co-occur and can
be mutually reinforcing (415), with the specific composition of stressors depending on the
dynamic of each individual family (408). Military and civilian samples share overlapping first
and second-order disruptions, but military relocation stress is distinguished by the uniqueness of
the PCS process and the military lifestyle.

Military Lifestyle Disruptions for the Military Family and Adolescents

It is important to understand the pathways by which PCS moves may contribute to
military relocation stress. First-order disruptions are relatively self-explanatory: they are directly
related to the regular stressors, hassles, and frustrations of the relocation process. Therefore, this
section will focus primarily on several prominent second-order disruptions unique to the military
lifestyle: 1) family separation and role adjustment due to relocation; 2) military spouse
underemployment; 3) dependent children’s education; 4) and a lack of control over the military
career (121).

Separation is stressful for all members of a military family (281). Although deployment is

the prototypical example of familial separation, certain PCS moves may cause temporary
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disruption for families. The ensuing separation from immediate and extended family members
may alter the “homeostasis” of the family structure causing a revaluation of familial roles (86).
The adolescent or family experience relocation stress as they adjust to their new roles and
responsibilities, find new resources to cope, and/or cultivate different family processes. This is
especially relevant for the small minority (7-9%) of servicemembers who elect to live
geographically separated from their family as “geographic bachelor/bachelorettes™ (76).

The effect of relocation on military spouse employment is a topic of increasing interest as
traditional gender roles become less restrictive (75). Routine relocations can significantly hinder
professional careers and overall earnings (84). Military spouses must make the decision to live
separate from their families or lose key opportunities for professional development. In addition,
an increasing prevalence of military families rely on a dual income to maintain their lifestyle
(281). Consequently, military spouse underemployment may increase financial strain thereby
influencing relocation stress (263).

Adolescent educational and social trajectories are also influenced by relocation. PCS
moves are generally both residential and academic relocations. The Department of Defense
Education Activity (DoDEA) school system provides some consistency and operates over 194
schools across the continental U.S., foreign countries, and U.S. territories (372). However, the
vast majority of military children attend public schools across the United States. Quality of
schools, educational standards, and peer groups can be dramatically altered by a PCS move
(281). It is well known social support has significant implications for healthy adolescent
development (378) and may help mitigate stressful life experiences (321).

Military families are often stressed by the minimal influence over their duty stations.

Although PCS moves are normative stressors for military families, the end duty location can be
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unpleasant. Postings to such disagreeable duty stations are commonplace (385). Manning
considerations and/or mandatory training make it expected that at least one duty assignment in
the course of a career will be outside of the servicemember’s control. Military adolescents are
especially affected by relocations to unpleasant duty locales, unfamiliar cultures, and/or
unsupportive communities (86).
Readiness, Relocation, and the Military Adolescent: Summary and Conclusions

There is a need for greater research examining vulnerable military populations’ responses
to military lifestyle stressors — including PCS moves. The need for quality research has emerged
as the U.S. military family has become an essential component of most, if not all, military
communities. The historical transition to AVF heralded a demographic shift thereby significantly
increasing the proportion of military family members (99). Accordingly, extensive resources
have been afforded to create a military family readiness system to ensure family well-being and
servicemember retention (362). However, the family readiness system has considerable overlap
and little programmatic surveillance in many of its programs. This had led some to suggest
military families might be best served by improving the delivery, efficiency, and surveillance of
available services (83). One proposed solution is to eschew a “one-size-fits-all” approach to
family readiness by ensuring adequate research and evidence-based intervention strategies for
vulnerable sub-populations.

This section highlighted the importance of examining the military adolescent- an at-risk
sub-population of the U.S. military family. While a purportedly resilient sub-population, military
adolescents may be particularly vulnerable to various military lifestyle stressors to include PCS

moves (86). With over 50 years of amendments to military relocation policy, it is essential to
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understand if we are successfully getting the necessary resources/programs to those at greatest
need (83).
Relocation and the Adolescent

In the United States children relocate frequently with 13% of children moving in any
given year (57; 182). Relocation is even more common for children in military families who
relocate at an annual rate of 30% (57; 408). Relocations are ranked by both military and civilian
samples as highly stressful life events (186; 385). The stress of relocation and the well-
established relationship between stress and health outcomes (392; 400) make it important to
understand the possible implications of frequent relocations — especially in high-risk adolescent
samples. The following section will describe the known associations between military adolescent
relocation and adverse physical/psychological health outcomes. A conceptual model of Military
Relocation Stress will be introduced. Lastly, the model will be applied to the study’s sample of
military-connected adolescents at high-risk for developing eating pathology and obesity.
Child and Adolescent Relocation: Physical and Psychological Health

Relocation outcomes denote a broad range of research related to residential, academic,
geographic, and community mobility. As a result, many studies are difficult to generalize given
the majority of studies are cross-sectional, examine unique populations, and inconsistently
concluded individual, relational, and community factors interact with high rates of relocation to
adversely influence psychological and physiological health outcomes (186; 262). This section
will briefly summarize pertinent findings in military child/adolescent samples as they relate to

physical and psychological functioning.
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Physical Health

Researchers have not examined child/adolescent indices of physical health and/or
biological functioning (i.e., biomarkers) in the context of military relocation. Given the lack of
research, it is useful to examine the extant literature in civilian samples. There is a wide
consensus that civilian residential moves, especially in early childhood, are associated with the

development of health conditions in later life (28; 412). For example, Hutchings et al (180)

found residential moves between the ages of 1-5 were associated with preventable health
hospitilizations for ear, nose, and throat infections, convulsions/epilepsy, asthma, and
influenza/pneumonia. In this study, and others like it, there is no clear evidence if physical health
outcomes were due to the stress of the move itself, lack of engagement with primary care
providers, or mediated by another combination of risk factors instigated and maintained by
relocation events. Indeed, the specific influence of such second-order disruptions as
socioeconomic deprivation (i.e., Poverty), familial/community factors (i.e., domestic violence),

and/or altered availability/utilization of healthcare services is difficult to determine (101; 106;

>

132). Regardless, the unique contribution of the military lifestyle and PCS process presents
concerns over the generalizability of civilian relocation outcome research to military samples
(281). As a result, the lack of physical health outcome data for adolescent military samples is
relative gap in the literature which warrants further research.
Psychological Health

The limited research on the impact of PCS moves indicates military children/adolescents
are, when provided adequate resources, relatively resilient to the psychological consequences of
military relocation stress (47, 153, 252, 344). For example, Rippe (316) found no difference on

measures of school performance between samples of military adolescents with low, medium, and
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high relocation rates when compared to a non-military control. In fact, there is evidence higher
rates of relocation are associated with improved adolescent behavior and psychological

adjustment in military samples (383). In another study, Weber and Weber (432) surveyed 179

parents of military adolescents to assess the effect of relocation on adolescents’ school conduct
and behavior. The results suggested that, when controlling for age, higher rates of relocation was
associated with better adolescent outcomes.

Although a significant number of military adolescents appear to be resilient, it is evident
that some of adolescents are adversely affected by military relocation stress (252). De Pedro et al

(93) and Gilreath et al (148) found school transitions in samples of military-connected

adolescents were associated with increased physical violence, weapon carrying, and greater rates

of victimization. In a study of younger military adolescents, Richardson et al (314) found

multiple school changes were associated with greater endorsement of anxiety-related cognitions
and symptoms. However, these studies were limited in that they did not control for
contemporaneous events known to influence adolescent behavior (e.g., deployment), were not
exclusive to adolescent dependents of military servicemembers, and did not directly assess PCS
moves.

The most compelling evidence that PCS moves contribute to adverse psychological

health outcomes can be found in the healthcare utilization literature. Millegan et al (253)

examined a large sample (N = 548,336) of children/adolescents with a servicemember parent in
the military healthcare system. The authors found military adolescents who relocated in the past
year sought mental health outpatient (odds ratio [OR] 1.04; 95% CI 1.01-1.07), psychiatric
hospitalization (OR 1.19; 95% CI 1.07-1.32), and emergency psychiatric visits (OR 1.20; 95%

CI 1.07-1.32) more frequently than those who were geographically stable. The psychiatric
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diagnoses were predominantly adjustment disorder, drug usage, suicide/ self-injurious behavior,
and attention-deficit/conduct disorder. Millegan and team concluded the increase in externalizing
disorders can be primarily attributed to the challenges in adjustment to a new location.
Military Relocation Factors Influencing Adolescent Health Qutcomes

Given the mixed evidence regarding military relocation stress’ influence on adolescent
outcomes, multiple studies have attempted to determine what individual, relational, and military-
specific factors contribute to risk and resiliency for adverse health outcomes. The current
literature examining PCS moves supports military relocation stress is: 1) influenced by the stress,

mental health, and coping of the parent(s) (56; 234; 384); 2) attenuated by community/familial

resources (47; 56; 384); 3) altered by inherent vulnerability and risk history (253); 4) contingent
on the frequency and recency of relocation events (14; 56; 288). The relationship between these
relocation factors can be found modeled in Figure 1.
Stress, Mental Health, and Coping of the Parent(s)

The stress, mental health, and coping of the parent(s) may influence PCS outcomes for
military adolescents more than the PCS itself. For example, a study examining 86 mother-child
dyads in military families found mobility to have a negligible influence on psychological
adjustment (128). In fact, maternal depression was the most significant predictor for their child’s
externalizing behavior (i.e., aggression/non-compliance). This finding has been corroborated in

recent findings in a sample of Canadian military adolescents. Perreault et al (288) asked

Canadian servicemembers to complete online questionnaires on their adolescents’ relocation
history, academic performance, and internalized/externalized difficulties. Again, relocation
history had a negligible influence on adolescent outcomes. Instead, parental perceived stress

emerged as the most significant predictor for military adolescent outcomes. Overall, these results
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suggest adolescent outcomes to relocation are indirectly influenced by the mental health and
coping of the parent(s). This is analogous to the posited effect of second-order disruptions
thought to engender chronic relocation stress.
Familial and Community Resources

Similarly, familial/community resources have been suggested to attenuate the association
between PCS moves and adverse outcomes in military adolescents (219; 234). The variable that
has been the most examined is the relationships within the family — especially that of the parent-
child dyad (128). To provide an illustrative example, Bullock (56) conducted a mixed methods
study related to the effects of relocation on the well-being of a sample of Canadian military
adolescents. The authors found self-reported affective reactivity to relocation was associated
with worse adolescent well-being. However, the quality of the parent child-relationship
moderated this association, in that a strong parent-child relationship attenuated the relationship
between affective reactivity to relocation and adolescent psychological outcomes. In aggregate
these results suggest family relationships can encourage resilience by exerting a protective
influence on adolescents who may be susceptible to military relocation stress.
Inherent Vulnerability and Risk History

Past adverse childhood events, families with special needs, and past psychiatric history
interact with military relocation stress may also exacerbate adjustment difficulties (101).

Millegan et al (253) found the most significant predictor for mental health outpatient services for

adolescents with a recent relocation (< 12 months) was a past personal psychiatric history (OR
12.44; 95% confidence interval 12.19-12.70). The impact of PCS moves on outpatient visits was
still significant even after adjusting for contemporaneous variables associated with mental

healthcare utilization.
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Similarly, Higgins Neyland et al (173) examined a military adolescent sample at-risk for

developing binge-eating disorder and obesity. The study authors found PCS moves were
associated with disordered eating behaviors for those individuals who reported greater weight-
based victimization. Disordered eating behaviors, in turn, are strongly associated with worsening
physical health (266; 269). In addition, there is strong evidence to support poor physical health in
youth is associated with worse health prognosis in later life (381). Considering the outcomes of
Millegan et al. (251) and Higgins Neyland et al. (170), there is preliminary evidence to support
that PCS moves may interact with existing morbidities to indirectly impact psychopathology and
physical health outcomes.
Frequency and Recency of Relocation Events

Whether the frequency and recency of PCS is associated with adolescent outcomes is
unclear. Frequency and recency of relocation events have been found to influence adolescent
psychological health and well-being (144). The mobility rate is often used to assess relocation
frequency and represents the total number of moves divided by the age of the child/adolescent.
Mobility rate has clear advantages over total relocations in determining the extent of exposure to
military relocation stress. Several studies had found the mobility rate to be more predictive than
total relocations for adolescent adjustment (316; 432).

However, other studies have found mobility rate to be of negligible utility in predicting

military relocation outcomes (56; 128; 288). Recency of relocation has also emerged as an

important influence on military relocation stress (144). A relocation within the past year has been
associated with depressive symptoms in adolescents (128). However, these depressive symptoms
appear transitory and dissipate following a normative adjustment period of roughly 12 months

(166). Given roughly a third of military adolescents relocate any given year it is probable a third
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of any representative sample of military adolescents recently relocated. Perreault et al (288)

found an association between mobility rate and military adolescent externalizing behavior was
no longer significant when relocation recency (i.e., < 12 months) and parental stress were
accounted for. Overall, this research suggests relocation recency and mobility rate are important
factors to reconcile in the relocation outcome literature.

Relocation and the Adolescent: Summary and Conclusions

The stress of relocation and the well-established relationship between stress and health
outcomes (392; 400) make it important to understand the possible implications of frequent
relocations — especially in high-risk adolescent samples with psychological/physical
vulnerabilities. The few studies which have incorporated multiple relocation factors have found
nuanced associations between relocation and adolescent health outcomes (56; 288). However,
these studies are difficult to generalize with U.S. military samples and excluded individuals at
greatest risk for adverse sequalae related to PCS moves. As discussed, the U.S. military’s family
readiness system may be improved by allotting resources for surveillance and intervention to
high-risk groups (83).

This study intends to examine the Military Relocation Stress model by incorporating the
relocation factors discussed (see Figure 1) to explore both risk and resiliency to PCS moves.
First, this study intends to use an inherently vulnerable adolescent sample with overweight
and/or high-trait anxiety at-risk for developing a variety of physical and psychological conditions
in later life. Second, the study will examine parenting distress and the quality of the familial

relationships as candidate moderator variables for the hypothesized relationship.
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Risk and Resilience in Military Youth

In the Military Relocation Stress model, individuals with greater vulnerability to stress
and physical illness are the most likely to experience adverse effects following PCS moves.
Military-connected youth with inherent physical and psychological vulnerabilities provide a
valuable opportunity to test the Military Relocation Stress model. It is important to elaborate on
the characteristics of this high-risk sample and discuss their implications on military readiness
requirements. Specifically, this section will review the combination of psychological and
physical vulnerabilities in adolescents who are at risk for developing disordered eating/obesity.

There is considerable evidence that anxiety, depression, disordered eating
attitudes/behaviors, and weight status are highly inter-related and share complementary
biological and social determinants (301; 409). Military-specific lifestyle factors, including PCS,
may exacerbate these underlying psychosocial vulnerabilities thereby promoting an obesogenic
environment for military adolescents (260). Similarly, those adolescents that are at risk for
disordered eating attitudes and behaviors, and obesity, may be at increased risk for negative
psychological and physical outcomes compared to those without those without those risk factors.
Therefore, it is essential to understand the mutual reinforcing relationships between these
biopsychosocial factors, the military lifestyle, and their ensuing implications for military
readiness and adolescent well-being.
Pediatric Obesity, Overweight, and Weight Status

Over the past 50 years, the national prevalence of pediatric obesity has quintupled (109).
Obesity is a chronic medical condition defined by excess adiposity in the body and has been
associated with many deleterious health consequences (394). Pediatric obesity, and its clinical

precursor overweight, is standardized by using the body mass index (BMI; kg/m?). Pediatric
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overweight and obesity are defined by having a BMI between the 85" and 94.9" percentile and
greater than the 95" percentile after adjusting for age and sex, respectively (205).

The causes of obesity and are multifactorial with evidence of complex gene (135) and
environment (203; 407) interactions. One prominent obesogenic factor for adolescents is a parent
with obesity or overweight (203). This increased likelihood of adolescent obesity can be
attributed to genetic loading or through an obesogenic environment with limited physical activity
(63), unhealthy diets (65), or a stressful home environment (428).

Pediatric Obesity, Overweight, and Weight Status in Relation to Physical Health

Pediatric obesity and overweight are associated with a host of adverse health outcomes.
Specifically, youth obesity has been linked to obstructive sleep apnea, diabetes, metabolic
syndrome, and depression (401). Excess weight status also exacerbates concurrent chronic health
conditions and unhealthy lifestyle behaviors — especially during adolescence. For example, the
musculoskeletal development of high-BMI youth is associated with axis deviations in the lower
extremities and functional gait impairment into adulthood (379; 434). This limitation to
functional movement may foster lifestyle sedentariness, increased weight gain, and chronic
orthopedic conditions (434). In addition, rapid youth weight gain has been associated with early
pubertal development in both sexes. Early pubertal development, in turn, has a demonstrable
physical, psychological, and social toll on adolescent youth (58; 423).

The presence of co-morbidities in obesity and overweight can be partially attributed to
dysregulated lipid profiles, glucose metabolism, and indicators of inflammation (401). High-
density lipoproteins (HDL) cholesterol — an indicator of cardiovascular health — is significantly
lower for individuals with severe obesity (401). Insulin resistance is also markedly higher for

youth with obesity as represented by greater indices of HOMA-IR (401). Lastly, severe obesity is
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associated with increased inflammatory (i.e., C-reactive protein) markers (92). All of these
biomarkers are recognized adult risk factors for hypertension (73), heart disease (92), and
metabolic syndrome (286). Together these results support that high weight during youth is a
particularly vulnerable period for the instigation or exacerbation of physical illness and can be
partially attributed to underlying physiological derangement. However, in addition to physical
ailments, there is also evidence of behavioral/psychological differences for youth with obesity or
overweight (401).
Pediatric Obesity, Overweight, and Weight Status in Relation to Anxiety and Depression
Pediatric obesity and overweight have a robust, bidirectional association to anxiety and
depression (15; 304). In a metanalytic review of psychological comorbidities correlated with

childhood obesity, Pulgaron (301) found evidence for an association between obesity and

internalizing/externalizing disorders, including both depression and anxiety. In one meta-analytic
review, obesity treatment interventions were associated with a reduction in both symptoms of
depression and anxiety further supporting a causal relationship (338). Even in youth samples
without obesity/overweight, higher levels of BMI have been associated with mood disorders and
higher levels of perceived stress (319; 401). Other studies have found null effects or even inverse
relationships to the proposed link between weight status and psychological illness (319).

Pulgaron (301) attributed part of this discrepancy to the under-examination of resilience

factors and discussed several intervening psychosocial variables (i.e., family support/weight

stigma) to explain the heterogeneity between studies. For example, Lim et al (221) contrasted

several family/parental and child characteristics in a youth sample with obesity/overweight. The
study authors found that, amongst youth with obesity/overweight, clinically significant anxiety

was associated with greater body dissatisfaction and parental distress. In other studies, adolescent
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weight status is associated with lower evaluations of physical appearance, interpersonal
effectiveness, and self-esteem (120; 155). In turn, depression and anxiety are highly comorbid
(10) and have also been linked to perceptions of physical appearance (416), the quality of
interpersonal relationships (232), and self-esteem (103). This evidence suggests excess weight
status shares many common biological and social determinants consistent with depression and
anxiety-related pathology and, under certain conditions, weight status and psychopathology may
be mutually reinforcing.

Obesity, Overweight, and Weight Status in Military Youth

There is limited surveillance on the prevalence of obesity and overweight in military
populations. Of the available data, estimates suggest that approximately 24.7% to 30% of
military youth meet the criteria for obesity or overweight (25; 109). The prevalence of obesity
and overweight in military youth is roughly equivalent to nationally representative samples (109;
276). Although obesity and overweight are a public health issue for all Americans (276), there is
considerable evidence that military youth identifying as female or belonging to ethnic/racial
minorities are disproportionately affected (50; 334). These findings are consistent with nationally
representative data which finds obesity rates are higher for Hispanic and non-Hispanic Black
adolescents compared to non-Hispanic White and Asian adolescents (279).

These prevalence rates for military youth persist despite universal healthcare (i.e.,
TRICARE) and resources afforded by extant policy from the military family readiness system
(362). This suggests current policy is insufficient or military settings promote high weight status
through several obesogenic factors. Indeed, military communities are thought to contribute to an
obesogenic environment thereby increasing the risk for excess weight gain for military

adolescents (394). Certain military communities may be defined as “food deserts” or areas
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lacking in access to healthy and affordable food (108). Despite food assistance programs (225),
some research suggests some members of the military community adopt unhealthy diet/feeding
practices due to the proximity and convenience of calorie dense fast foods (369). For example,
servicemembers across three Army installations reported their perceived barriers to weight
management as the proximity/density of fast-food outlets, the cost of nutritious foods, poor food
quality, and a stressful operational tempo (72). In another study, a sample of veterans with
overweight or obesity endorsed military-specific eating behavior, feeding practices, and food
scarcity were considered to influence their post-service weight status (369).

Given the known association between parental and adolescent weight status, the
increasing incidence of servicemember overweight and the obesogenic military environment may
place military adolescents at-risk for excess weight gain (260; 394). Further, there is preliminary
evidence that community transmission of these unhealthy eating and dietary practices may
dispose military adolescents to increased weight gain in later life (313).

Pediatric Disordered Eating Behavior and Attitudes

Disordered eating attitudes and behavior are common in youth populations: estimates of

sub-clinical eating/weight-related attitudes and behaviors range from 33% to 57% in girls and

15% to 31% in boys (87; 167; 270). Although diagnoses of more severe eating and feeding (e.g.,

anorexia/bulimia nervosa, binge eating disorder) pathology are less common (389), the
symptoms of disordered eating attitudes and behavior tend to commence during adolescence with
prodromal symptoms arising as early as middle childhood (211; 393). For example, Swanson et
al (389) reviewed a nationally representative cohort of adolescents to find anorexia nervosa,

bulimia nervosa, and binge-eating disorder (BED) had a median age of onset at approximately 12
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years of age. The instigation of pathological eating around adolescence suggests youth are a
viable target for intervention.

BED is especially prevalent amongst adolescents with overweight or obesity with some
estimates as high as 22.2% (164). Binge eating symptoms have also been associated with
reduced psychological health and weight gain (150); to include higher levels of anxiety and
depression, as well as reduced self-esteem (183). The hallmark characteristic of BED is binge
eating, which must meet the following criteria: 1) the consumption of an objectively large
quantity of food in a discrete period of time; and 2) the perception of lacking control during the
eating episode (20). Historically, there has been significant contention over the first criteria as to
what exactly constitutes an “objectively large quantity of food” (271). Available research
suggests the objective/subjective binge meal size may be less important for prognosis and
severity than other factors (363). As a result, researchers have increasingly focused on the second
criterion for binge eating: Loss of Control (LOC) eating (59).

LOC eating is the subjective feeling of being unable to control the quantity of food
consumed irrespective of the meal size (393). Community estimates of adolescent LOC eating
have ranged 23.3% to 28.4% (111; 343). Youth with higher BMI, especially adolescents with
overweight or obesity, are at even greater risk for LOC eating (164). Indeed, in one prospective

study examining children at high risk for adult obesity, Tanofsky-Kraff et al (398) found the

presence of LOC eating — regardless of the amount of food consumed — was the most prominent
predictor for excess weight gain over an eight-year study period.

The implications of LOC eating for the physical and psychological health of adolescent
youth are significant. Numerous cross-sectional and prospective studies support youth LOC

eating predicts greater disordered eating attitudes/behaviors, excess weight status,
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psychopathology, and physiological derangement (2; 250; 373; 398). The interpersonal model of

binge eating disorder has been proposed as a theoretical basis for many of these observed
associations between LOC eating and its deleterious health outcomes (111; 396). The
interpersonal model posits socio-evaluative stressors elicit negative affect which, in turn, trigger
LOC eating episodes. Studies in both laboratory and naturalistic settings have supported negative

affect as a key mediator in the instigation of LOC eating episodes (306; 307; 356). Entry into

adolescence is a recognized stage of psychosocial development wherein youth are acutely
influenced by social stress of their peers and community (440). Accordingly, there is evidence
that variables salient to socio-evaluative stress during childhood/adolescence, such as higher
shape concern and weight-based teasing, predict LOC eating (174).
Pediatric Disordered Eating Behavior and Attitudes in relation to Physical Health

Notwithstanding the clear implications for psychological distress, disordered eating
behavior and attitudes are associated with poor physical health, dysregulated metabolism,
adverse cardiovascular events, and — in extreme cases — death (20). Even sub-clinical or
prodromal presentations of disordered eating behavior in youth have implications on physical
health (398). With the rise in rates of obesity, metabolic syndrome, and diabetes in vulnerable
youth, there has been increasing interest in modifying disordered eating behaviors to alleviate the
impact of these chronic conditions (94). LOC eating, in particular, has been identified as a viable
point of intervention for improving obesity and metabolic health (397).

LOC eating has been both cross-sectionally and prospectively associated with metabolic

dysfunction in youth (174; 359; 398). For example, Byrne et al (60) examined a sample of non-

treatment seeking youth to find anxiety was associated with fasting insulin and insulin resistance,

but only for those youth with LOC eating. In a complementary study, Radin et al (305) used a
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mixed sample of treatment seeking and non-treatment seeking adolescents to determine the
influence of LOC eating on metabolic functioning. The study authors found that LOC eating was
associated with higher systolic blood pressure and greater levels of LDL cholesterol, even after
adjusting for sociodemographic characteristics, adiposity, and treatment status.

A third study suggests the relationship between LOC eating and metabolic functioning
may be causal: treatment-seeking female youth whose LOC eating remitted at a 6-month follow-
up exhibited greater levels of HDL cholesterol, reduced triglycerides, and reduced glucose levels
(359) when compared to those whose LOC persisted. Lastly, increased inflammatory markers
(i.e., C-reactive protein) are also associated with LOC eating and poor diet selection (358). The
human immune system and metabolic functioning are highly interrelated (179) and therefore a
plausible mechanism by which LOC eating could lead to chronic metabolic dysfunction. In
aggregate, there is reasonable evidence to support LOC eating influences certain aspects of youth
metabolic functioning even after adjusting for adiposity. Metabolic dysregulation, in turn, is
associated with a host of adverse physical illnesses and chronic conditions (179; 286).

Pediatric Disordered Eating Behavior and Attitudes in relation to Anxiety and Depression

In further support of the interpersonal model of LOC eating, there is a plethora of
evidence to support LOC eating in youth is associated with depression and anxiety — two related
constructs of negative affect. Several prospective studies suggest pre-adolescent LOC eating can

be viewed as an early behavioral marker of disordered mood. Sonneville et al (373) conducted a

prospective examination of a cohort of adolescents and young adults to find LOC eating was
predictive of overweight/obesity and greater depressive symptoms. However, evidence in pre-
adolescent samples suggest depression may be more critical to the maintenance of LOC eating in

adolescence. For example, in one prospective study of community youth conducted by Hilbert et
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al (174) found pre-adolescent LOC eating predicted the development of partial BED and eating
disorder psychopathology. However, Hilbert and team could not demonstrate a prospective

relationship of LOC eating on depressive symptoms. Similarly, Tanofsky-Kraff et al (395) found

that while baseline LOC eating predicted anxiety at follow-up, the same relationship was not
evidenced for depression. Rather, the persistence of LOC eating from baseline through to follow-

up was associated with increased depressive symptoms. Hilbert et al (174) suggested that as

salient socio-evaluative stressors (e.g., weight concern) decrease, depression — another aspect of
negative affect — may increase likelihood for LOC eating. Taken together, these results suggest
an adolescent’s social environment interacts significantly with youth’s inherent vulnerability to
negative affect thereby instigating and/or exacerbating LOC eating.
Disordered Eating Behavior and Attitudes in Military Youth

Despite the limited data on eating pathology in military samples — especially for military
youth — there is compelling evidence that diagnoses of eating-related pathology in the military
health system have increased over the past 20 years (19; 260). A recent survey of active duty
servicemembers found the crude annual incidence rate for eating disorder diagnosis increased by
44.7% from 2013 to 2016 (438). Despite the increase in eating-related pathology, diagnoses of
eating-related disorders are still comparatively rare in military servicemembers when compared
to civilians (438). It has been proposed that formal diagnoses under-report the prevalence of
disordered eating in military servicemembers. Indeed, multiple studies demonstrate military
servicemembers endorse sub-threshold disordered eating behaviors at rates greater than their
civilian counterparts (291; 429).

Members of the military family may also be at greater risk for disordered eating

behaviors/attitudes than their civilian counterparts (260). Amongst a sample of treatment-seeking
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female adolescents, Schvey et al (348) found military-connected females experienced disordered

eating attitudes/behaviors and more severe depression than a matched civilian sample. While the
majority of research has focused on adolescent females, there is also evidence suggesting
military adolescent males are at comparable risk for eating-related pathology and psychosocial
stressors (303). The limited data available from non-clinical military adolescent samples is

similarly concerning: Waasdorp et al (422) found 21% of military adolescents met the criteria for

disordered eating which surpasses prevalence estimates in comparable civilian samples (164).
The Impact of Military Service on Adolescent Weight Status and Eating
Behavior/Attitudes

The U.S. military environment and culture may contribute to an obesogenic environment
thereby increasing the risk for excess weight gain and eating-related pathology in military
adolescents (260). Military culture has its own norms, communities, values, language, and class
structure distinct from the conventional American milieu (259). In line with the unique nature of
military culture, there is a corresponding set of social demands and expectations inherent in
military service. As discussed, the unique contribution of these military lifestyle factors is
thought to influence the observed rates of adverse health outcomes — include mood and anxiety
disorders (260).

Military-connected youth are exposed to these lifestyle experiences by virtue of their
familial ties and experiences within the larger military community. Research in military samples
supports community and familial transmission of obesogenic factors and disordered eating

behaviors/attitudes (252; 260; 422). Embedded expectations and societal stigma have both been

proposed as an explanation for the increasing prevalence of disordered eating and obesity in

military populations (52; 244; 255).
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Weight stigma has also been identified as prominent psychosocial contributor to obesity
and pathological eating in military samples (260). Indeed, weight-based stigmatization is highly
prevalent in U.S. society (17) with demonstrated implications for physical and psychological
health (13; 110). Weight stigma broadly denotes a range of negative cultural/societal attitudes
and prejudices towards individuals of high weight status (300). Military culture highly values
individual fitness, military bearing, and athletic performance. Accordingly, the Armed Forces
have strict weight/fitness standards which are assessed in accordance to service-specific
guidelines (246). Although these fitness requirements are necessary for arduous duty, these
values may have the unintended consequence of fostering weight-related bias during promotions,
evaluations of competency, and foster workplace discrimination (71; 130). A burgeoning body of
literature suggests military servicemembers — due to stringent weight and fitness requirements
(246) — may be particularly vulnerable to internalized weight stigmatization and the associated

obesogenic consequences (298; 299; 347; 387).

Sizable minorities of servicemembers endorse organizational pressures for athletic
performance and physical appearance (422). As weight status increases, servicemembers report

greater rates of weight stigmatization and the associated consequences. Schvey et al (345)

examined a sample of military servicemembers with overweight/obesity to find nearly half had
experienced at least one instance of weight-based stigmatization. In the same sample, the study
authors also found significant associations between weight stigma and depressive symptoms,
eating in response to anxiety/anger/depression, and maladaptive coping. In another study of

military servicemembers, Shank et al (357) found military-specific weight stigma was associated

with worse physical health in adult servicemembers as indicated by the presence of a self-

reported medical condition.
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The prevalence of weight stigma, and the associated impact on psychosocial functioning
and weight gain, has also been replicated in samples of military adolescents (347). For example,
in one sample of military adolescents at-risk for binge eating disorder and adult obesity,

Pearlman et al (285) found approximately 48% reported family (i.e., parents/ siblings) weight-

based teasing. Family weight-based teasing, similar to studies of adult servicemembers (345),
was also associated with poorer social functioning, self-esteem, and depressive symptoms (285).
The correlates of weight stigma are well-recognized obesogenic factors, further supporting
military settings may predispose military adolescents for excess weight gain and pathological
eating.

In addition to weight stigma, there is evidence that marginalized racial/ethnic groups and

gender minorities are disproportionately affected by obesity and experience reduced

psychological health (139; 248; 346). Indeed, Nolte et al (273) examined a national sample of
young adults to find evidence racial minorities and women were less likely to meet military
accessions standards. The pathways by which these health disparities emerge is varied (315), but
may be partly attributable to discrimination and systemic inequality (124; 249). With over 36%
of U.S. military personnel identifying as racial/ethnic minorities, it is important to acknowledge
the implications discrimination and stigma may present for current and prospective
servicemembers (50; 394).

Considering all of the potential impacts of LOC, overweight and obesity on the
biopsychosocial functioning of military adolescents, a population at risk for LOC, overweight
and obesity may be at particular risk of negative outcomes when exposed to the stressors of a
PCS. Therefore, it is particularly important to study this population and to consider factors that

may promote resilience.
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Resilience in Children and Adolescents

PCS moves are normative stressors which may not necessarily have negative long-term
repercussions. Therefore, it is also critical to understand the pathways by which military
relocation stress can lead to positive adjustment. Childhood and adolescence are not only
sensitive developmental windows for dysregulation and illness, but are also opportunities for
exhibiting positive adjustment and resilience in the face of adversity. The traditional paradigm of
health research has been to investigate illness to the detriment of the processes supporting
healthy functioning. To address this gap, the construct of resilience has permeated across
numerous disciplines as a systematic methodology to investigate positive adaptation while under
significant adversity.

According to the Military Relocation Stress Model (Figure 1), familial/community
processes and parental psychopathology are key factors related to military adolescent’s
psychosocial adjustment to PCS moves. It is important to describe how the family network
serves to foster risk or resilience to PCS moves. The following section will define resilience as it
relates to military relocation, distinguish resilience from trait resiliency, and briefly outline the
rationale of family processes as an important resilience factor.

The Resilience Framework

Resilience is the positive adaptation of an organism undergoing significant adversity
(129; 230). Several aspects in this succinct definition warrant further elaboration as it relates to
the current study. First, resilience requires a stressor of sufficient magnitude to warrant an
adaptation. Sub-threshold stressors that are not salient to an individual may fail to elicit
compensatory adjustment (129). Not all military adolescents will find PCS moves as stressful

events to warrant either positive or negative adaptation. Therefore, it is valuable to examine a
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sample vulnerable to psychosocial stress to demonstrate both risk and resiliency for post-PCS
psychosocial adjustment.

Second, resilience is dynamic and fluctuates across time and development. In this regard,
trait “resiliency” is conceptually distinct from dynamic “resilience” (230). Modern theorists tend
to avoid trait resiliency due to the possible consequences of stigmatizing at-risk adolescents (22).
Instead, resilience is contextual: a dynamic interaction between stress, resilience factors, and a
specific evaluation of adaptation. For example, a child’s trait “resiliency” may be a consequence
of strong mentorship by a valued teacher or through the support of an institution (e.g., school
lunch). As a result, the child’s resilience to adversity is not static, but expected to fluctuate as
different stressors and extrinsic resilience factors interact. The present study seeks to emulate the
resilience framework (as opposed to trait resiliency) by examining the contextual relocation
factors thought to contribute to risk or resilience.

Resilience Factors: Compensatory and Protective Models

Resilience factors are measurable aspects of the resilience process (126). These resilience
factors can be modeled through either a compensatory or a protective model. Both models have
significant empirical support and are used to describe the specific nature of the interaction
between resilience and risk factors (125; 126). The compensatory model is when a resilience
factor is posited to have a direct, independent effect to counteract a known risk factor. In the
protective model, the resilience factor (i.e., assets or resources) moderates the risk factor, and
only attenuates risk in the presence of a stressor. See Figure 4 for graphical depictions of the
compensatory and protective models of resilience.

Protective processes are generally more appropriate to the resilience framework since

compensatory processes exhibit their positive effects regardless of latent risk. Indeed, a few
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notable studies have suggested specific familial/community factors can serve as protective
processes to buffer the adverse impact of PCS moves (56; 288). Indeed, the relative
inconsistency in the literature may be related to the presence of risk and resiliency factors which
determine an adolescent’s response to military relocations stress.

Family Systems Approach of Stress and Resilience

Resilience factors are not static measurements of risk or positive adaptation but
interpreted as a dynamic process within a cohesive theoretical framework. Family functioning
and composition is recognized as one such resilience factor during childhood and adolescent
development (245). As a result, family stress and resilience models have been widely
incorporated into research and intervention in both military and civilian populations (333).

The systems perspective of family resilience emphasizes the processes which serve to
strengthen families to overcome adversity. This strengths-based system avoids the traditional
stigma associated with parenting as it focuses on processes in lieu of characteristics/risk factors
(245; 284). The model relies on the premise that families are able to maximize resilience by
focusing on idiosyncratic expressions of several key family processes. Walsh (425) placed these
resilience processes into three general categories: 1) a shared belief system; 2) organizational
patterns; 3) and communication/problem solving skills. A shared belief system incorporates
meaning-making of stressors, optimism, and spirituality. Organizational patterns include the
subcategories of connectiveness, flexibility, and financial resources. Lastly, communication/
problem solving is composed of emotional expression, collaboration, and clarity in
communication. Due to the emphasis on processes, the systems perspective is amenable to
interventions designed to foster family resilience in both civilian and military populations (332;

333). Interventions designed to enhance family resilience has been demonstrated to be effective
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in reducing parent and child distress (219; 220). Further research has supported reduction in
distress of a child is mediated by improvement in family resilience processes (332).

A complementary method of conceptualizing family resilience is through the assessment
of family stress. According to a family systems approach to resilience, chronic family stress
occurs in the absence or relative weakness of family resilience processes (425). Therefore,
family stress constructs provide ancillary evidence for the presence (or lack thereof) of family
resilience. The construct of parenting stress is commonly used to assess family stress by
examining child characteristics, parent characteristics, and situational/demographic life stress (1).
Factor analytic studies suggest parenting stress loads onto two constructs: parental pathology and
dysfunctional parent-child interactions (162). Indeed, several studies support higher levels of
family resilience are be linked to reduced parenting stress — especially in vulnerable youth
populations (147; 294; 364).

Risk and Resilience: Summary and Conclusions

The Military Relocation Stress model endeavors to predict how military adolescents will
respond to relocation stress. The few studies which have incorporated multiple relocation factors
have found nuanced associations between relocation and adolescent health outcomes (56; 288).
However, these studies are difficult to generalize with U.S. military samples and excluded
individuals at greatest risk for adverse sequalae related to PCS moves. To address this gap, it is
necessary to examine those U.S. adolescents most likely exhibit poor adaptation following the
first and second-order disruptions of a PCS move. As discussed, the U.S. military’s family
readiness system may be improved by allotting resources for surveillance and intervention to

these high-risk groups (83).
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The Military Relocation Stress model suggests that the interactions between these risk
and resilience factors predict biopsychosocial stress responses. The next section summaries the
potential mechanisms and impact of PCS-related stressors, LOC eating, and weight on
biopsychosocial stress responses.

Stress Mechanisms and Consequences

Military relocation stress is a necessary and natural consequence of first and second-order
disruptions during PCS moves. Although some degree of stress is normative, repeated chronic
stress contributes to physical and psychological illness. To understand the sequalae associated
with PCS moves, “stress” must be defined in relation to its constituent physiological/
psychological components and how these processes contribute to chronic illnesses. In addition

Stress is a biopsychosocial process that has a profound impact on behavior, affect, and
cognition. Living organisms are complicated systems requiring a flexible but reliable internal
state (e.g., body temperature) to adapt to environmental demands (337; 355). This ideal, dynamic
internal state is known as homeostasis and is evidenced by the narrow range of biological set-
points which set the conditions for life. Stress itself is a self-regulative process to restore
homeostatic balance in response to perceived or real external demands. Stressors elicit a
disruption in the homeostasis of a particular organism which results in the organism coordinating
a stress response to restore homeostatic balance (337). Although the core tenets in the original
formulation of homeostatic stress are valid today, influences from the social sciences advanced
stress beyond the classical model of homeostatic balance.

The Allostatic Stress Response: Physiological Mechanisms
Allostasis was proposed to remedy the limitations of homeostasis by proposing a

dynamic, active system which predicts and adjusts the body’s physiology. Social scientists’ work
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with appraisal, affective states, and cognitions elevated the role of the central nervous system
(CNS) in modulating a dynamic response to the environment. It became evident that without
CNS mediation, localized neuroendocrinological models are unable to account for the diversity
in individual responses (142). Allostasis better incorporates the brains’ role in mediating the
onset, maintenance, and outcome of the stress response (382).

The allostatic model provides a robust physiological framework to understand how PCS
moves can result in adverse health outcomes. Allostasis effectively models: 1) the dynamic
process between internal resources (e.g., coping) and external demands; 2) anticipatory
adjustment to stressors; 3) adaptation over periods of prolonged stress; 4) and stress’ role in
ecologically consistent models (142; 382). The allostatic model accomplishes this by proposing
two interacting systems of accommodation: central allostatic accommodation and peripheral
allostatic accommodation (see Figure 2). It is the dynamic interaction between both systems of
accommodation which allows for adaptive predictions and responses to external demands.
Central and Peripheral Allostatic Accommodation

The disruptions associated with PCS moves cause alterations in central allostatic
regulatory systems designed to adapt to military relocation stress. Central allostatic
accommodation is associated with the core affective, regulatory, and sensory processing regions
of the brain (382). Central allostatic accommodation serves as the primary mediator of
environmental stressors by exerting executive control and command over the entire stress
response- including peripheral allostatic accommodation (113; 142). In this executive capacity,
central allostatic accommodation controls the existing neurocircuitry in the brain to formulate
emotions. Emotions are discrete motivational states which serve as expression of central

allostatic accommodation to guide human adaptation (142; 214). The neural circuity
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undergirding emotional processing is generated in the brain and integrated across all CNS
functions including perception, behavior, and cognition (290). As emotional stimuli increase in
intensity or salience, the brain enlists added neural circuity to facilitate allostatic accommodation
(158). Although emotional processing is distributed throughout the brain, functioning is grossly
localized in the basal ganglia, extended amygdala, and other associated brain regions (142; 214).

According to the two-stage model of allostatic accommodation, mental health outcomes
are synonymous with the efficiency of central allostatic accommodation (142). As such, positive
mental health is the product of a well-synchronized network: each constituent element of central
accommodation (i.e., the cognitive and emotional neural circuitry) operate in-tandem to adjust
human behavior. Conversely, poor mental health outcomes occur when these same systems meet
extreme adversity or are otherwise dysregulated through chronic activation (6; 178).

The PCS move process results in peripheral allostatic accommodation to meet the
demands caused by first and second-order disruptions. Peripheral accommodation mobilizes
several complementary physiological systems to guide adaptation to external demands and
provides feedback to the central allostatic system (142). As central accommodation is
synonymous with mental health, physical health is likewise reflected in the efficiency of
peripheral accommodation. The most significant physiological systems at work in peripheral
accommodation are two complementary neuroendocrine axes: the sympathetic-adrenal-
medullary (SAM) axis response and the hypothalamic-pituitary-adrenal axis (HPA) response
(151). These two systems operate in concert to satisfy general adaptation to a stressor. The SAM
response is a rapid short-term adaptation which complements the HPA’s comparatively slower,

sustained response. Although other physiological processes (e.g., beta-endorphins) are operative
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in the stress response, the SAM/HPA axes are considered the predominant and most well-
researched mechanisms (78).

The SAM response mobilizes energy stores, modulates blood flow/circulation, suppresses
restorative functions, and increases alertness to meet the external demand (151). These
physiological changes are designed to prepare an organism to engage or withdraw (i.e., “fight-or-
flight”). Sympathetic nervous system (SNS) innervation is the key reason for the immediacy of
the SAM response. The SNS stimulates the adrenal medulla to secrete catecholamines (i.e.,
epinephrine, norepinephrine, and dopamine), which largely mediate the physiological alterations
(337). Following the withdrawal of the stressor, the parasympathetic nervous system will enact a
compensatory relaxation response (i.e., “rest-and-digest”) to restore homeostatic balance.

The HPA complements the adrenomedullary response by coordinating sustained
neuroendocrinological activity. A hormone cascade signals each component of the HPA axis to
culminate in a release of stress hormones from the adrenal cortex (151). Cortisol, the body’s
primary stress hormone, alters how the body regulates macronutrients, inflammation, blood
pressure, glucose, and the sleep/wake cycle. The relative slowness of the HPA axis is due to the
circulatory system’s sluggish dispersal of hormones throughout the body. However, the addition
of the slower HPA response allows a more sustained physiological effect on adaptation. The
outputs of the HPA axis initiate an inhibitory feedback loop reducing the antecedent hormones
which initiated the cascade (371).

Allostatic Overload and the Mental and Physical Consequences

The impact of PCS moves on adolescent biopsychosocial functioning cannot be

understood without a method of distinguishing unhealthy, chronic stress from benign, adaptive

stress. PCS moves may create enduring disruptions contributing to chronic dysregulation of
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allostatic regulatory systems. The cumulative toll of repeated, excessive, and/or dysregulated
accommodation can lead to allostatic overload (337). McEwen (2008) termed the harmful
influence of chronic stress as “allostatic overload” to differentiate it from adaptive stress (i.e.,
allostasis). Allostatic overload specifically refers to the systemic “wear-and-tear” associated with
extreme environmental stressors or the inability to appropriately regulate the stress response (see
Figure 3). Allostatic load offers a compelling explanation for how stress eventually becomes
embodied as physical and psychological illness.

Central allostatic accommodation is particularly susceptible to dysregulation and “wear-
and-tear” when chronically activated (142). Effects of allostatic overload are most apparent in
the functional and morphological alterations of the brain’s core emotional regions (68). The
amygdala serves as a useful case example as to how severe or chronic stress leads to lasting
morphological changes. In animal models, induced stress enhances synaptic connectivity in the
basolateral amygdala (256) and alters transmission at the neuronal level (3). The association
between chronic stress and amygdala morphology has been similarly demonstrated with human

participants (8; 153; 261; 427). In turn, these morphological changes in neuronal architecture

result in persistent functional changes in measurable brain activity, neuroendocrinological

correlates to stress, and behavior (141; 146; 168; 342). Under sufficient allostatic load (i.e.,

stress) these changes become permanent and are expressed by impaired mental health (312; 322;

383).

The physiological responses from the SAM and HPA axes are adaptive to meet external
demands, but can have deleterious effects when chronically activated. For example,
catecholamines indirectly damage the cardiovascular system resulting in adverse events such as

stroke or heart attack (4). The damage associated with allostatic overload can lead to enduring
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changes in human organ systems (e.g., circulatory/ nervous systems). Aside from systemic
“wear-and-tear,” chronic dysregulation of stress hormones can also lead to structural changes in
the brain and debilitating medical conditions including: insomnia, diabetes, and obesity (151).
Military adolescents may also be particularly susceptible to chronic alterations in allostatic
regulatory systems in a process known as biological embedding. Not only do military youth have
unique psychosocial stressors contributing to allostatic load, but these stressors concurrent to
normative developmental milestones, such as childhood and adolescence, can result in persisting
allostatic dysregulation into adulthood (91). Past work suggests that early adversity interacts with
the maturing brain to produce distinct, time-sensitive risk windows for allostatic dysregulation
(165). Population health researchers have proposed biological embedding to explain the lasting
health consequences of early life adversity (169).

Biological embedding is the process by which transient, environmental stressors during
sensitive periods of development enduringly alter an organism’s functioning. It is thought
durable changes in allostatic regulation are responsible for how early adversity “embeds” in an
organism. Past work has documented the lasting physiological changes in neurological, immune,
endocrine, autonomic, and metabolic systems after exposure to early adversity (37). Further,
increased adaptive plasticity during periods of development has been noted in neurological
(133), immune (23), and metabolic systems (254); all key components of allostatic regulatory
systems. These well-documented psychobiological alterations in response to stress during
childhood and adolescence are complicated by limited understanding of the mechanisms. Much
of the historical research has focused on correlates of central allostatic accommodation (i.e.,

emotions/psychological constructs; (90)). Increasingly, ecologically-oriented approaches
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incorporating gene-environment interaction have been proposed to describe how stress becomes
“embedded” into the functioning of a developing organism.

Epigenetic control of gene expression has been suggested as a mediator for adaptive
plasticity in biological embedding (37). Encoded in every gene is the information necessary to
produce a specific protein. Controlling gene expression enables the human body to adjust
functioning at the cellular (e.g., neuronal) level (323). The epigenome is sensitive to
modification by exposure to environmental stimuli, can be inherited, and — in some contexts-

reversed (323). A study by Szyf et al (390) utilized an animal model to explore the epigenetic

effect of parental nurturance on methylation of hippocampal glucocorticoid gene promoters. Szyf
and colleagues found that the differential epigenomic state persisted into adulthood unless
reversed behaviorally or with an infusion of a methyl inhibiting enzyme in adulthood. The results
are similar, albeit less conclusive, for studies with human populations: early exposure to stressors
modifies methylenation and gene expression with important implications for human health and

well-being (114; 188; 323; 444).

The Pathophysiology of Stress: Implications for Physical and Psychological Health

The downstream impact of military relocation stress in adolescent youth may result in
adverse physical and psychological health. Allostatic overload has been proposed as an
explanation as to how psychosocial stressors — such as relocation — eventually progress into

chronic illness. According to McEwen (240), correlates of allostatic regulation (i.e.,

catecholamines, cortisol, blood pressure, etc.) are demonstrated measures of acute allostatic load
within the body and follow a predictable pattern of dysfunction.
The pathophysiological parameters for allostatic load include outputs of the

neuroendocrine axes (e.g., HPA/SAM), cardiovascular systems, anthropometrics, and metabolic
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processes (54). Stress hormones, the primary mediator of the stress response, are the first to
become dysregulated. Secondary mediators, correlates to the metabolic and cardiovascular
systems, respond to regulate the imbalance caused by the primary mediators’ chronic or
excessive activation. The ensuing dysregulation of the primary and secondary mediators
contributes to tertiary outcomes: adverse health and clinical diagnoses exacerbated by chronic
activation of the stress response (142). Anxiety, depression, and aspects of metabolic syndrome
in adolescent youth are all associated with stress-related biomarkers. The presence of similar
pathophysiological stress responses in these conditions suggests that these nosologically distinct
medical conditions share a common biological determinant.

Given chronic stress’ known implications on health and that military youth - under
certain conditions - experience significant distress following PCS moves, it is probable
psychosocial stress will manifest as dysregulated biomarkers indicative of central/peripheral
allostatic overload. In addition, the presence of existing physical and psychological
comorbidities concurrent to a PCS move would place these youth at greater risk for allostatic
dysregulation. This section will review the known associations between allostatic biomarkers and
the tertiary outcomes of interest: aspects of MetS, anxiety, and depression.

Stress and Physical Health

In line with the allostatic model, PCS moves can cause stress which may induce
peripheral allostatic overload. Physiological variables are expressions of peripheral allostatic
accommodation which manifest as measurable correlates of the stress response (142). Allostatic
regulatory systems governing the stress response contribute significantly to physiological
functioning across immune, metabolic, inflammatory, and other associated biomarkers.

Metabolic Syndrome (MetS) is an example of condition associated with systemic allostatic
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dysregulation, and represents a constellation of medical biomarkers considered clinical
precursors for heart disease, stroke, atherosclerosis, and type-II diabetes (11). MetS is defined as
a cluster of at least three of the following: visceral obesity, insulin resistance, hypertension, low
High-Density Lipoproteins (HDL) cholesterol, and high triglycerides (443). This condition is
completely preventable but it still estimated to affect over 25% of the global population (330). In
recent decades, metabolic syndrome has increasingly developed into a major medical concern for
pediatric populations (107; 138).

Although the causes of MetS are multifactorial, chronic psychosocial stress and
dysregulated allostatic regulation have been consistently linked with metabolic syndrome (39).
Adults exposed to adverse childhood stressors are particularly vulnerable to MetS and other
metabolic abnormalities (91; 215). In addition, various experimental paradigms have
demonstrated induced stress leads to elevations in blood serum content consistent with the
clinical markers of metabolic syndrome (5; 95; 134).

Adolescent Weight Status and Dyslipidemia

The influence of stress on weight status/dyslipidemia is multifactorial and bidirectional
(407). For adolescents increased weight, adiposity, and altered body shape is normative as they
develop into sexual maturity (378). However, adolescence is also a risk window for disordered
eating, overweight, obesity, dyslipidemia and associated behavioral risk factors (185). As a
result, adolescence is a natural period of profound alterations in energy intake, storage, and
expenditure. The most immediate consequences of dysregulated energy intake, expenditure
storage, and utilization are weight gain and dyslipidemia (63).

Dyslipidemia is a disorder of lipoprotein metabolism characterized by an excess or

deficiency of lipoproteins. Lipoproteins facilitate the transport of hydrophobic fat molecules (i.e.,
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cholesterol, triglycerides) throughout the circulatory system. Unsurprisingly, dyslipidemia is
heavily associated with obesity and fat mass (366). Dyslipidemia in metabolic syndrome is
classified as an excess of triglycerides, decreased high density lipoproteins (HDL) cholesterol,
and/or increased low-density lipoproteins (LDL) cholesterol. Dyslipidemia is considered a risk
factor for heart disease and other medical conditions (39; 366).

Studies by Cardel et al (63) and Tomiyama (407) ENREF 52 both suggest an adolescent’s

maturing stress response (i.e., the HPA axis) and related neurocircuitry is an important cause for
lasting weight gain and dysregulated lipid metabolism. Indeed, the HPA axis is initiated by
physical stressors - to include hunger (289). Evidence supports the association between
childhood stress and obesity (145). Perceived stress is associated with higher body mass index
(BMI), waist circumference, serum triglyceride levels, and cholesterol: all correlates to
overweight and obesity (39; 399). Psychosocial stressors have been consistently associated with
the development of dyslipidemia (39). Specifically, a number of stress measures have been
linked to low HDL (149; 302), elevated triglycerides (149), and increased overall cholesterol
levels (198). Indeed, there is limited evidence that certain stress-related psychiatric conditions
contribute an effect independent of obesity/weight-related factors on dysregulated HDL, total
cholesterol, and LDL (112; 414).

Plausible physiological mechanisms exist to justify cortisol and other stress hormones’
influence on weight gain (40; 272; 321). Obesity is thought to be both a cause and effect of
dysregulated SAM/HPA axes (227). The SAM response is often overactive in individuals with
obesity, and especially those with high levels of abdominal obesity (12). The mechanism of
action is still unclear, but it has been proposed that adipose tissue (i.e., fat) produces signaling

adipokines which modulate SNS activity. In turn, excessive SNS activity is thought to impair -
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adrenergic signaling in adipocytes, thereby altering metabolic functioning to result in obesity and
insulin resistance (370).

Similarly, HPA axis functioning is overstimulated and dysregulated in individuals with
obesity (227). In the HPA axis, a hormone cascade prompts the paraventricular nucleus of the
hypothalamus to secrete corticotropin-releasing hormone (CRH). In turn, CRH stimulates the
interior pituitary to release adrenocorticotrophic hormone (ACTH) thereby producing cortisol.
Cortisol, a primary stress hormone, is responsible for attenuating the HPA axis via a negative
feedback loop. In individuals with obesity, adrenocorticotrophic hormone (ACTH) is
overstimulated and present at greater levels (419). This overstimulation can be exacerbated in
obesity via 1B-HSDI1, an enzyme partly responsible for inactivating cortisol. For individuals with
obesity, enduring peripheral allostatic accommodation fosters more 13-HSD1 in hepatic and
adipose tissues. Inactivation of cortisol via 13-HSD1 dysregulates cortisol’s negative feedback
loop preventing inhibition of the stress response (287). Cortisol has also been associated with
increased accumulation of visceral fat in the abdomen (264). Visceral fat, in turn, is associated
with dysregulated lipid metabolism in the form of greater cholesterol, lower HDL, and higher
LDL (228). Taken together, this evidence suggests individuals with obesity, especially those
with significant stores of abdominal obesity, have over-responsive HPA/SAM axes and are less
able to regulate cortisol diminishing attenuation of the stress response (227).

Adolescent Hyperglycemia and Insulin Resistance

Hyperglycemia is medical condition characterized by an excess of blood sugars and is
associated with a host of potentially fatal complications, insulin resistance, and diabetes mellitus
(51). Insulin is a critical peptide hormone which regulates blood glucose by facilitating

metabolism and glucose uptake (436). Insulin resistance is when normal or elevated levels of
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insulin elicit a diminished response, and is a clinical precursor to the chronic insulin
dysregulation associated with acquired diabetes mellitus (i.e., Type 2 diabetes). Blood sugar
concentrations can be measured directly through glucose levels, insulin levels, or inferred
through the presence of glycated hemoglobin (Alc) (175). The formation of Alc is directly
related to the duration of hyperglycemia in the blood in the last three to four months, thereby
serving as a proxy measure for dysregulated glucose and insulin functioning (175).

The preponderance of evidence supports bidirectional associations of stress on
hyperglycemia, insulin resistance, and diabetes mellitus (159). Acute stressors enlist peripheral
allostatic regulatory systems (e.g., HPA axis) to dramatically alter blood sugar concentrations in
response to acute stressors (235; 257). Animal models also demonstrate that severe and chronic
stress adversely impacts glucose/insulin metabolism (335; 386). The literature is equivocal in
adult human samples (39; 296; 386). The influence of stress on glucose/insulin resistance is
rarely studied without the presence of metabolic syndrome or comorbid medical complications.
Regardless, numerous studies suggest stress influences hyperglycemia (149) and diabetes
mellitus (207; 274). Stress’ association with hyperglycemia, insulin resistance, and acquired
diabetes mellitus is also found in adolescent populations. Pubertal development is associated
with alterations in insulin sensitivity and glucose regulation (45; 378). Life stress, psychiatric
illness, and stress hormones have all been associated with correlates of insulin resistance in
adolescent populations. (48; 181; 278).

The HPA axis and its associated biomarkers have also been implicated in the
pathogenesis of insulin resistance and diabetes (97). A primary mediator in the HPA axis,
glucocorticoids (e.g., cortisol) are important regulators of energy metabolism in response to

stress. For example, cortisol promotes hepatic gluconeogenesis and facilitates other
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hyperglycemic hormones in order to increase the availability of energy substrates (i.e., glucose,
lipids). In this capacity, glucocorticoids promote endogenous glucose production and indirectly
attenuate insulin’s metabolic actions (16).

There is evidence that this physiological process can be dysregulated leading to enduring
changes to allostatic regulatory systems. For example, juvenile diabetics are less responsive to
ACTH and have lower concentrations of cortisol (360). At first glance this blunting of the stress
response can be seen as adaptive when one considers the limited availability of endogenous
insulin to restore homeostatic balance. However, rapid alterations in blood sugar in-tandem with
sluggish glycemic control could result in catastrophic damage at the cellular level. In contrast,
adult-onset diabetes the HPA axis appear hyperactive (297) and is characterized by higher levels
of both ACTH and cortisol (70). The discrepancy between juvenile and adult-onset diabetes
reflects the differing etiology of the illness, and the complicated reciprocal relationships involved
in the stress response and tertiary health outcomes.

Adolescent Hypertension

The human body relies on the circulatory system to regulate optimal blood pressure in
response to external demands. In fact, blood pressure is a quintessential measurement of acute
stress load (337). Dysregulated blood pressure can damage arterial walls and other associated
regulatory systems. Hypertension is the medical term for excessive levels of arterial blood
pressure resulting in numerous adverse health outcomes including reduced quality of life and

cardiovascular complications (265; 295; 318).

Various indices of psychological stress (e.g., occupational stress, socioeconomic stress,
and anxiety/depression) have reliably been associated with hypertension (223). However, this

association is moderated by gender effects (39), health behaviors (318), and other factors (170;
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277). In other studies, the association between stress and hypertension is not present - especially
in healthy populations (123; 197). Stress’ association with adult hypertension is thought to have
its origins in childhood and adolescence (327). Blood pressure is highly sensitive to the pubertal
alterations in weight and height and it is thought that the normative changes in puberty share a
common regulating mechanism (411). Studies have prospectively linked stress-induced blood
pressure elevations during adolescence to eventual development of adult hypertension (441).
Adolescent and childhood hypertension are strongly associated with adult hypertension, a genetic
loading for elevated blood pressure, and increased susceptibility to mental stress (118; 119).
Increased rates of overweight and obesity have corresponded to increases in adolescent
hypertension over the past decade amongst children and adolescents (265).

A consistent bidirectional association between stress and hypertension exists (192).
Several physiological pathways mediate the influence of stress on blood pressure including the
neuroendocrine axes (209), vagal withdraw (367), and the immune response (7). Induction of
acute stress reliably results in increased blood pressure in both human and animal models (442).
Chronic and severe stress in animal studies has been shown to reliably result in lasting
hypertensive states (218).

The pathophysiology of hypertension has been associated with biomarkers indicative of
allostatic dysregulation. In terms of central allostatic accommodation, there is evidence
hypertensive individuals are more likely to exhibit both global brain atrophy and atrophy in

specific brain regions associated with executive function, memory, and attention (152; 308; 424).

Similarly, elevations of cortisol and dysregulated negative feedback control have been implicated
in structural brain abnormalities and neuropsychological deficits in cognitive function (229) (46).

Taken together these findings implicate the allostatic stress response in the pathophysiology of
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hypertensive patients. Indeed, Gold et al (152) found evidence that dysregulated feedback control

of cortisol may partially explain the structural brain deficits in individuals with hypertension
after adjusting for age, gender, and BMI.

Peripheral allostatic accommodation is also implicated in the pathogenesis of
hypertension. Sympathetic nervous system activity, often measured via correlates of the SAM
axis (i.e., epinephrine/norepinephrine), has been associated with pre-, early-, and established
hypertension (233). Excessive innervation of SNS pathways has been demonstrated in
hypertension — especially for females (268). Further, SAM axis activity has been demonstrated to
increase human cell growth in vascular muscle tissues contributing to the formation of
atherosclerotic plaques (67);(233).

Stress, Anxiety, and Depression

The onset or maintenance of depression may be impacted by military relocation stress. In
support of this assertion, there is sufficient evidence to suggest a causal, bidirectional
relationship between depressive disorders and stress (160; 196; 224). Depressive disorders are a
broad category of potentially debilitating psychological conditions which share similar cognitive,
somatic, and behavioral characteristics. Major depressive disorder — the prototypical depressive
condition — is relatively common with a lifetime prevalence rate of nearly 16% (20). Stress-
related research on depression has been studied extensively (224) and has generally followed a
stress exposure paradigm.

The stress exposure model of depression posits that discrete life events precipitate
depressive episodes (224). This finding has been widely demonstrated with acute and chronic
stress (160; 195), adverse life events in youth and adulthood (161), and across different periods

of development (80; 82). It appears the type and quality of the stressor influences the course and
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onset of the depressive episode (400). For example, sustained chronic stressors are generally
superior in predicting depression than acute measures of stress load (242). Stressors in the key
developmental periods of childhood and adolescence appear to increase the risk of developing a
depressive disorder in later life (202). Further, evidence for the stress exposure model is
corroborated by findings that life stressors which are independent of any depression-related
sequelae (e.g., sudden death of a parent/natural disaster) are most often associated with onset of
an initial depressive episode (361). This stress exposure paradigm has been extremely valuable
and inspired numerous stress-diatheses models of depression (224).

Further evidence for a robust relationship between stress and depression is evidenced by
the comorbidity of anxiety and depression in adolescent youth (89). Among depressed youth,
diagnoses of comorbid anxiety-related disorders are extremely common with estimates as high as
75% (89; 446). Even non-diagnostic assessments using dimensional measures have shown high
correlations between anxiety and depression (377). Interestingly, only 10% to 15% of adolescent
youth with a primary diagnosis of an anxiety-related disorder endorse comorbid depression (24;
85).

Researchers have proposed several explanations for the asymmetry between anxiety and
depressive comorbidities (143). First, there is evidence of considerable diagnostic overlap in the
symptoms and measures differentiating depression and anxiety. Incorporating modifications to
reduce overlapping items/constructs in traditional diagnostic inventories only yields modest
reductions in the shared variance in the trait constructs (81). Second, sequential morbidity of
depression may be the consequence of anxiety activated in early childhood. The symptoms of
anxiety are often over-represented in early childhood (66) and tend to predict the development of

adolescent depression - especially for female youth (292). Accordingly, the sequalae of anxiety
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may be indicative of prodromal depression manifesting into a full depressive disorder during
adolescence (143). Lastly, there is considerable evidence of shared biological and social
determinants undergirding both anxiety and depression. An underlying propensity for negative
affect (30) and family risk history (243) have both been implicated in the etiology of both
anxiety and depression.

The Pathophysiology of the Stress Response in Depression

All three putative explanations for the relationship between stress, anxiety, and
depression posit underlying determinants with a common physiological foundation: the allostatic
stress response. Theorists suggest depression — much like stress — confers several evolutionary
advantages but may become dysfunctional through chronic or repeated stressors. This
dysfunction can appear remarkably similar to those under severe or chronic stress (217). The
HPA axis - a neuroendocrine pathway implicated in the stress response - has long been
associated with the development, maintenance, and relapse of depression (402). Indeed, genetic
markers coding for stress-related proteins have been found to be predictive of depression in
response to major stressors (64; 195).

Despite robust support for HPA-axis dysregulation in depressive conditions, there is
evidence for heterogeneity in effect sizes across studies (199). A possible explanation for this
discrepancy is that standardized assessment of depression obfuscates specific depressive
presentations whose symptoms may align more closely to peripheral allostatic accommodation
and HPA-axis functioning (137). For example, one longitudinal study over a 14-year period
found cortisol and C-Reactive Protein (CRP) were strongly associated with the somatic
symptoms of depression while, after adjusting for confounders, were only weakly associated

with cognitive-affective symptoms (247). There is also significant comorbidity between
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depressive conditions and other chronic health conditions characterized by dysregulated
peripheral allostatic accommodation (282). Taken together, this suggests an underlying basis for
peripheral allostatic load contributing to somatic depressive symptoms.

FK506-binding protein 51 (FKBP51) has been identified as an important modulator of
glucocorticoid receptors in response to environmental stress and provides a useful illustration of
how pathophysiological HPA-axis functioning is related to numerous chronic medical conditions
(447). In depressive conditions, glucocorticoid receptors often appear desensitized to the
inhibitory feedback of cortisol resulting in hypersecretion of CRH (177). When bound to
glucocorticoid receptors, FKBP51 reduces receptor affinity for glucocorticoids resulting in
prolonged stress system activation (41). Upregulation of FKBP51 has been linked to increased
recurrence of depressive episodes and treatment response to antidepressant medication (42).
Indeed, genetic variations of FKBP51 have been associated with both central and peripheral
allostatic accommodation via morphological alterations in several brain regions (410) and
cardiac stress reactivity (226), respectively. In terms of other chronic medical conditions,
FKBP51 has been implicated in the pathophysiology of metabolic functioning, obesity, and
diabetes (27; 280). In summary, FKBP51’s influence on numerous distinct medical conditions
supports that anxiety, depression, and MetS share an underlying biological determinant.
Allostatic Load: Modeling Multi-Systemic Dysregulation

The available evidence suggests pathophysiological alterations to the stress response are
pervasive in anxiety/LOC eating, depression, and MetS’ constituent components. This
pathophysiology may be mutually reinforcing as evidenced by the high comorbidity between
these conditions and the co-occurrence of dysregulated biomarkers. A parsimonious explanation

for these findings is that the etiology of these nosologically distinct disorders share a common
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factor: a dysregulated allostatic stress response. Allostatic theory supports this asserting by
proposing multisystem physiological functioning can be partially explained by the common
factor of allostatic load.

The allostatic load index (ALI) has been proposed to effectively operationalize the
cumulative physiological dysregulation caused by chronic activation of the stress response. The
conceptual rationale for the ALI is in how these biomarkers become dysregulated in a predictable
sequence (26). Stress hormones, the primary mediator of the stress response, are the first to
become dysregulated. Secondary mediators, correlates to the metabolic and cardiovascular
systems, respond to regulate the imbalance caused by the primary mediators’ chronic or
excessive activation. The ensuing dysregulation of the primary and secondary mediators
contributes to tertiary outcomes: adverse health and clinical diagnoses exacerbated by chronic
activation of the stress response (142).

The first validation of the ALI was conducted using a geriatric sample which
incorporated the following ten biological parameters: cortisol, dehydroepiandrosterone (DHEA),
epinephrine, norepinephrine, cholesterol, glycosylated hemoglobin, systolic/diastolic blood
pressure, BMI, and waist-hip ratio (351). The study’s findings suggested that ALI was
prospectively associated with 7-year mortality, declines in mental/physical health, and
cardiovascular illness. In addition, the ALI model had greater prognostic value than either
individual biomarkers or the contribution of other diagnostic constructs (i.e., MetS).

Allostatic Load in Relation to Stress, Depression, and Physical Health

Since its original inception over 20 years ago, The ALI has been widely incorporated in

numerous studies and its formulation has undergone significant scientific scrutiny (190). Indeed,

Guidi et al (157) conducted a recent systematic review identifying a total of 267 original studies
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incorporating allostatic load. Although the operationalizations of ALI are somewhat
heterogenous, systematic reviews find widespread support that various indices of ALI are
associated with worsening physical and psychological health in both the clinical and general

population (157; 190; 237). Cross-sectional and prospective studies in adult samples also

demonstrate that indices of allostatic load are associated with stress (74; 239; 293; 405),

depression (189; 191; 200), and worsening self-reported and actual physical health (9; 34; 336;

351), and these associations are persist across cultures (350). There is also a wide body of
evidence suggesting adverse childhood experiences (ACEs) are prospectively associated with
higher allostatic load in adulthood (28; 90; 188; 226).

The allostatic load index has also been validated in pediatric populations with significant

implications for a number of tertiary outcomes (26; 116; 117; 320). Evans (116) compared ALI

to a measure of cumulative risk history in a sample of 339 youth from low-income families. The
study authors found that an increase in cumulative risk history — denoted by the presence of
physical, physical, and environmental stressors — was associated with a higher ALI. The
prospective association between allostatic load and tertiary health outcomes in youth samples
appears to be moderated by the presence of concurrent psychosocial stressors. After a four year

follow-up, Evans et al (117) examined the same cohort to find a prospective relationship between

cumulative risk history, allostatic load, and cardiovascular reactivity/recovery. After adjusting
for the ALI at baseline, only youth with low maternal responsiveness evidenced an association

between cumulative risk history and ALI In another study, Rogosch et al (320) conducted an

examination comparing rates of allostatic load between maltreated children and non-maltreated
in a sample of low-income youth participating in a summer program. Childhood maltreatment

and allostatic load were independently associated with worse physical health and increased
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behavioral problems. This ALI — a combination of seven biomarkers — was also associated with
attention problems, somatic complaints, and thought problems but only for those youth who
experienced maltreatment. In terms of depressive symptoms, neither childhood maltreatment nor
the ALI were independently significant. However, secondary analyses revealed several aspects
of ALI (i.e., waist-height ratio, cortisol, and DHEA) predicted depression, but only for
maltreated children.

When taken together, the limited research suggests children and adolescents, when
exposed to sustained psychosocial stress, may evidence physiological derangement consistent
with allostatic overload. Various indices of allostatic load have been associated with stress,

depression, and worsening physical health. Furthermore, the work by Evans et al (117) and

Rogosch et al (320) suggests that dysfunctional family dynamics may interact with existing

psychosocial vulnerabilities resulting in greater allostatic load in youth. When applying this
phenomenon to military youth, the research suggests military relocation stress and dysfunctional
family dynamics may contribute to increased allostatic load — particularly for those endorsing
comorbid health conditions.
Calculating the Allostatic Load Algorithm

The physiological stress response is generally considered more amenable to objective
measurement than psychological constructs (78). Assessing the length or frequency of systemic
processes within the body has the advantage of being independent from self-report and,
therefore, less prone to respondent bias. However, physiological measures are still problematic
for assessing chronic stress since they differ significantly in each individual, can quickly
fluctuate, and more accurately assess acute stress load (39). To address these limitations,

McEwen and Seeman (241) proposed an ALI which compiles numerous different physiological

66



measures representing complementary pathophysiological pathways designed to mitigate
measurement error and better predict pathology. The ALI has been widely studied over the past
20 years and its design has been refined since its first formulation in the 1990s (157; 241).
Refinements to the ALI’s algorithm have generally fallen into three categories: 1) adjustment to
the specific biomarkers used; 2) how the cumulative index is calculated; 3) differentiating ALI
from other clinical constructs, namely MetS.
Candidate Biomarkers Used in the Allostatic Load Index

Despite calls for standardization, there remains significant heterogeneity in the candidate
biomarkers used to operationalize ALI across studies. The contemporary “allostatic load battery”
is generally constructed from a broad array of candidate biomarkers assessed primarily by their
functional significance in a specific biological pathway implicated in stress. Indeed, one review
found over 50 biomarkers have been used to formulate an ALI across the cardiovascular/
respiratory, anthropometric, neuroendocrine, metabolic, and immune systems (190). The most
common biomarkers included in the ALI are systolic and diastolic blood pressure, waist-hip
ratio, BMI, cholesterol, triglycerides, and blood sugar levels (i.e., HbAlc). These commonly
used biomarkers are primarily secondary mediators drawn from cardiovascular, anthropometric
and metabolic systems. The total number of biomarkers used to formulate an ALI can also vary
substantially based on availability and study aims; from as few as 4 to as many as 20 (190).

There is evidence, however, that the specific biomarkers used to formulate the ALI are
less important than ensuring the range of biomarkers are inclusive of multiple allostatic

regulatory systems Wiley et al (437). Indeed, the ALI appears to be relatively resilient to

biomarker variations provided a range of biological systems are incorporated (55). Although

evidence in adults supports that certain clusters of biomarkers are superior in predicting specific
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tertiary outcomes (193), statistical modeling procedures suggests tertiary outcomes are best
explained by including a common allostatic load factor (437).

When compared to adults, there is relatively limited research incorporating the ALI in
across pediatric studies. Indeed, several studies highlight the discrepancy in the total number of

biomarkers used: Evans et al (117) and Rogosch et al (320) created an ALI from six biomarkers

while Bahreinian et al (26) included eight biomarkers. In these same studies, there is also

variation in the specific biomarkers used and the allostatic regulatory systems the biomarkers are

derived from. For example, Evans et al (117) and Bahreinian et al (26) both included

anthropometrics in their ALI composite but utilized BMI and waist-to-hip ratio, respectively.
Despite the heterogeneity in these studies, the positive findings across various formulations of
the ALI suggests the construct is relatively robust and is a flexible measure to implement to
assess chronic stress in vulnerable youth populations.
Calculating the Allostatic Load Composite

Various statistical techniques and algorithmic formulations have been applied in creating

an allostatic load composite score. Juster et al (190) identified over 12 different methodologies

involving increasingly sophisticated procedures to formulate an ALI. The most common and
least sophisticated technique is the group allostatic load index, which has also been used

exclusively in the identified pediatric studies (117; 190; 320; 351). In this formulation, the

sampling distribution of a designated biomarker is used to designate a pre-determined risk
percentile (i.e., >25™ percentile) as a cut-off. A biomarker is then dichotomized as either a “1” or
“0” depending on the cut-off determined by the sample’s distribution of biomarker values.

Summing all the dichotomized biomarkers which fall within the designated cut-offs provides a
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cumulative risk score. Depending on the study’s aims and the availability of population-level
normative data, it is also possible to construct the high-risk cut-offs from biomarker parameters.
Indeed, the use of normative data improves generalizability in that it mitigates the likelihood of
the ALI inadvertently incorporating the sample’s inclusion characteristics.

Despite widespread use, the group allostatic load index has several clear drawbacks. The
summation of dichotomized biomarkers values necessarily dilutes individual/group (i.e., gender,
SES) differences. Individual differences, namely sex, have been implicated in sex-specific

allostatic load profiles for illness (352). For example, Gruenewald et al (156) designed a study to

identify sex differences in high-risk allostatic load profiles. The study authors noted biological
pathways contributing to mortality varied significantly as a consequence of sex. More
specifically, several neuroendocrine and inflammatory markers were predominant in male
allostatic load profiles but completely absent for females (156).

The equal weighting of all biomarkers has also been questioned. Buckwalter et al (54)

compared the predictive power for a single, equally weighted composite ALI versus a
multisystem construct which weighted each biological system differently. Unsurprisingly, the
multisystem construct explained more of the variance in several physical/psychological illness
and provided insight into the specific biological pathways. However, the differentially weighted
composite was only marginally superior in predicting the majority of health outcomes, thereby
suggesting increasingly sophisticated techniques yield only modest gains (54; 190).

Lastly, the selection of pre-determined risk percentiles has also been critiqued. There is a
consistent trade-off between specificity and sensitivity in identifying individuals at risk for
allostatic overload. No definitive cut-off has been identified for an ideal ALI in studies of either

adult or youth samples. In youth, some formulations of the ALI have incorporated less restrictive
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(i.e., <50'" percentile) cut-offs (117), used normative or clinical guidelines to calculate the
cumulative ALI (61; 320), or kept the traditional quartile-based (i.e., 25"/75" percentile)
formulation. The presence of significant findings despite variation in the pre-determined risk
percentiles suggests ALI is a reliable construct to assess chronic stress. Indeed, evidence from
adult studies suggest adjusting the pre-determined cut-offs has a only modest bearing on the
ALlIs association with a variety of health outcomes (190).

Various statistical and algorithmic formulations have enhanced the predictive utility of
the ALI and explored casual pathways implicated in adverse health outcomes. Despite these
advances, the less sophisticated ALI formulations (i.e., group allostatic load index) are robustly
associated with a range of adverse physical and psychological health outcomes. The ease and
availability of constructing an ALI using normative data is valuable for exploratory research in
under-examined populations. The limited research in vulnerable military youth provides a
valuable opportunity to examine a group-based ALI in the context of high rates of relocation.
Distinguishing Allostatic Load from MetS

Allostatic load is conceptually coherent with MetS and a superior construct to understand
the deleterious influence of chronic stress on bodily systems. MetS has been consistently
associated with chronic stress and adverse health outcomes (11). This association is troubling in
light of the conflicting evidence on the relationship between chronic stress and MetS’ constituent
components (39). We still understand very little about the complicated reciprocal associations
between different aspects of bodily systems, metabolism, and the stress response. As a result,
there are likely several different pathways by which MetS emerges. For example, dyslipidemia

can be both a consequence and a cause of dysregulated glucose metabolism (283). Allostasis
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provides a framework to understand these bidirectional, non-linear effects in the context of
multi-systemic regulation and offers several practical advantages (142).

Agreement rates vary dramatically for MetS’ diagnostic criteria and the normative values
used to identify MetS criteria differ across age, sex, and culture (380; 406; 445). There are
numerous different criteria for diagnosing MetS in adults, and no definitive standard for

diagnosing MetS in childhood/adolescence (11). Indeed, a review by Ford and Li (131) identified

40 unique definitions of MetS in children and adolescents and that the factor structure thought to
underlie MetS varies substantially across studies. This inconsistency in the diagnostic definition
of MetS is somewhat allayed by its clinical function as a powerful tool to guide
surveillance/intervention (413). Most research related to allostatic load eschews a distinct
diagnostic construct, and instead provides a framework to identify how psychosocial stressors
become embodied into physical/psychological illness. In addition, this framework also allows for
modeling of human systems under increasing levels of allostatic load. Given that ecological
systems under stress/adversity can behave very differently than un-stressed systems (230), a
cumulative ALI composite will give greater insight of dose-dependent relationships for a system
under higher levels of allostatic load.

The original purpose of MetS was to identify individuals at risk for diabetes and
cardiovascular illness. There is significant evidence that various formulations of the ALI are
superior at predicting an array of adverse health outcomes - including cardiovascular illness —
than MetS alone (190; 236). Indeed, when MetS and AL are modeled in-tandem, a greater
proportion of the variance in tertiary outcomes (i.e., health) is explained by AL (140; 216). The
allostatic load construct’s superior predictive power is thought to be the consequence of

integrating biomarkers from a greater range of biological systems. Several factor analytic studies
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support the allostatic model with the AL construct subsuming MetS’ constituent factors (238;
437).

In summary, allostatic load provides several benefits over MetS. Formulating an ALI for
vulnerable military youth is both precedented and - despite heterogeneity in the ALI construct
across studies - suggests a robust paradigm to understand how psychosocial stressors progress
into illness. In addition, youth at high risk for binge eating and obesity experience higher levels
of allostatic load (61), and therefore may be acutely sensitive to military lifestyle stressors.
Overall, the ALI may prove a valuable tool to assess chronic stress in youth in accordance with

the military relocation stress model.
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The Current Study

Military lifestyle stressors — including PCS moves — have come under increased scrutiny
as U.S. military family readiness has become essential for most, if not all, military communities.
Past research has examined deployment as the most characteristic and impactful military lifestyle
stressor (172). However, military relocation stress is consistently endorsed as a top stressor by
military servicemembers, spouses, and their families. Although relocation is considered
disruptive and stressful, the relationship between relocation and physical/psychological health is
less clear. The existing research suggests outcomes related to PCS moves may interact with: the
stress, mental health, and coping of the parent; community/familial resources; inherent
vulnerability and risk history; and the frequency and recency of relocation events (see Figure 1).

The unique characteristics of the current sample to include youth with
overweight/obesity, trait anxiety, and/or LOC eating presents a unique opportunity to understand
how inherent vulnerability interacts with PCS moves. Pediatric obesity/overweight and
disordered eating/attitudes are robustly inter-related and may be mutually reinforcing. Further,
both pediatric weight status and disordered eating are associated with: 1) poor physical health as
reflected by dysregulated lipid profiles, glucose metabolism, and indicators of inflammation; 2)
poor psychological well-being via indicators of depression, anxiety, and negative affect. Indeed,
the fact these co-morbid physical and health conditions exhibit similar biological and social
determinants suggest they could be partially attributed to overlapping biological systems
consistent with the human stress response.

Allostasis and allostatic load provide a valuable method to understand how psychosocial
stressors manifest into illnesses; especially for those organisms already under significant

allostatic load. Frequent or severe external stressors, to include relocation, may lead to

73



dysregulation of the stress response and to physical/psychological illness. Military-connected
youth at-risk for developing binge-eating disorder and obesity are disposed towards poor
physical/psychological health which may, in turn, further enhance their susceptibility to the
deleterious effects of PCS moves. Various formulations of allostatic load have evinced
associations with poor health and well-being in both adult and adolescent samples, and may
provide a valuable tool to assess military relocation stress.

Given the paucity of research related to military relocation outcomes, this study
examined the effects of military relocation stress on military adolescents’ physiological and
psychological health while considering candidate moderator variables. More specifically, this
study aimed to: 1) determine if PCS moves impact adolescent functioning in a high-risk sample;
2) determine if family resilience and/or parental stress moderates the association between
military relocation and adolescent functioning. To accomplish these aims, the proposed study
incorporated anthropometric, cardiometabolic factors, and psychological variables to examine
central and peripheral allostatic regulatory processes thought to contribute to adolescent
adjustment. Figure 5 displays a summary of the hypothesized relationships between the variables
of interest.

Aims and Hypotheses

Specific Aim 1: To examine the relationships among PCS moves, parenting stress, family

resilience, and adolescent physiological health (see Figure 5).
Hypothesis 1a: There will be a significant positive association between PCS
moves and scores on a summary biological index of allostatic load (ALI), after
adjusting for age in years, sex, race, loss-of-control eating status, anxiety

symptoms, and parental military rank.
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Hypothesis 1b: Parental-report on the Family Resilience Assessment Scale
(FRAS) will moderate the association between PCS moves and ALI, such that as
the FRAS increases, the association between PCS moves and the ALI will
decrease, after adjusting for covariates.
Hypothesis 1¢: The Parenting Stress Index (PSI) will moderate the association
between PCS moves and ALI such that as PSI increases, the association between
PCS moves and ALI will increase, after adjusting for covariates.
Specific Aim 2: To examine the relationships among PCS moves, parental stress, family
resilience, and adolescent psychological health (see Figure 5).
Hypothesis 2a: There will be a significant positive association between PCS
moves, the Beck Depression Inventory (BDI-II), and scores on the Perceived
Stress Scale (PSS) after adjusting for age in years, sex, race/ethnicity, anxiety
symptoms, parental military rank, and BMI-z.
Hypothesis 2b: Parental-report on the Family Resilience Assessment Scale
(FRAS) will moderate the association between PCS moves and psychological
health (i.e., BDI-II & PSS) such that as the FRAS increases, the association
between PCS moves and psychological health will decrease, after adjusting for
covariates.
Hypothesis 2¢: Parental-report on the Parenting Stress Index (PSI) will moderate
the association between PCS moves and psychological health (i.e., BDI-IT & PSS)
such that as PSI increases, the association between PCS moves and psychological

health will increase, after adjusting for covariates.
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Exploratory Aim 3: To determine the utility of the ALI in detecting stress-based physiological
dysregulation in a sample of high-risk military-connected adolescents.
Hypothesis 3a: The present study’s formulation of the ALI will prove superior in
detecting stress-based physiological dysregulation in a sample of high-risk
military-connected adolescents than either MetS or analyses of the constituent

biomarkers.
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CHAPTER 2: METHOD

Research Design

The study is a secondary analysis drawn from the Preventing Obesity in Military
Communities — Adolescent study (ClinicalTrials.gov ID: NCT02671292), an ongoing prevention
trial. The current study used a cross-sectional design using data collected prior to intervention to
examine the association between relocation, chronic stress, and physical/psychological health.
Only the pertinent procedure and methodology from the parent study will be described.
Participants and Recruitment

Participants were male and female adolescents (12-17 years old) and TRICARE
beneficiaries who completed assessments prior to participating in a binge-eating disorder and
adult obesity prevention program designed to test the efficacy of interpersonal psychotherapy.
Qualified adolescents were identified through the Defense Enrollment Eligibility Reporting
System (DEERS) and recruited through direct mailings, approved advertisements, referrals from
military health care providers, and in-person recruitment at Ft. Belvoir Community Hospital
(FBCH) and the Walter Reed National Military Medical Center (WRNMMC). The study was
approved by both the FBCH Research Office and the USUHS Institutional Review Board (IRB).

Youth were eligible if they were 12 to 17 years old at the start of the study, had a BMI at
or above the 85th percentile for age and sex, spoke English proficiently, had acceptable ability to
complete study procedures, endorsed high anxiety symptoms (State-Trait Anxiety Inventory —
Children (STAI-C) >32) and/or loss-of-control (LOC) eating episode during the three months
prior to assessment, and have a parent enrolled in TRICARE at the time of study initiation (374).
In addition, the parent/guardian was required to understand English for the child to meet

eligibility criteria.
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Adolescents were excluded from the study if there was the presence of: chronic major
medical illness (e.g., hypothyroidism, hematological); an obesity-related medical complication
requiring aggressive treatment (e.g., type 2 diabetes); current or recent pregnancy; regular use of
prescription medication known to affect appetite, mood, or body weight unless their weight has
been stable over the last three months; concurrent involvement in a weight loss program or
psychotherapy; weight loss exceeding 3% of body weight within the past two months; and the
presence of a significant psychiatric condition (excluding binge-eating disorder).

Procedures

Preliminary eligibility of potential youth participants was determined through telephonic
screening conducted by trained research assistants. If the youth was deemed potentially eligible
(i.e., BMI %ile > 85, the presence of elevated anxiety symptoms, and/or LOC eating episodes), a
baseline assessment was scheduled to determine final eligibility. The proposed study will only
examine the data collected at baseline before any intervention was conducted.

Baseline Assessment

The baseline assessment occurred at one of two sites in the DC/VA/MD area: Uniformed
Services University, Bethesda, MD or Fort Belvoir Community Hospital, Ft. Belvoir, VA.
During the baseline visit, written consent and assent were given by the parents/guardians and
adolescents, respectively. Youth participants were required to conduct an overnight fast prior to
their arrival and the visit lasted approximately five hours. Immediately upon completion of the
baseline assessment, the research team, the adolescent, and parent/guardian determined
eligibility for the study. Procedures at baseline assessment included: height and weight, the
consent and assent process, body composition, metabolic markers, completion of two semi-

structured interviews, and a questionnaire completion (either online or in-person). The online
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survey platform (https://www.surveymonkey.com) is a secure web-based platform for data input
and retrieval. The baseline visits also included a series of questionnaires for the accompanying
parent/guardian. These questionnaires were either completed during the baseline assessment or
returned to the study team at a later date. Parents/guardians and participants were expected to
complete all risk assessment measures in-person during the interview.

If in-person interviews were thought to impact the safety of the research staff or
participants (e.g., a global pandemic, crisis, or other extreme scenario) the decision was made to
hold components (e.g., clinical interview) of the baseline visits electronically. Blood serum
values and anthropometric data were collected when circumstances permitted.

Measures
Relocations and Demographics
Demographic Questionnaire (DEMQ)

The DEMQ is a measure developed by the investigators to assess a number of standard
(e.g., race, family composition) and military-related family factors (e.g., number of deployments/
relocations). Each parent/guardian completes the DEMQ during or immediately following the
baseline. The study examined total PCS moves (reported by parent) as the primary measure of
relocation. Total PCS moves will be used in this study in lieu of Mobility Rate, which is defined
as the sum of all reported lifetime PCS moves divided by the adolescent’s age. Although this
methodology has been used across several studies and is thought to provide a precise estimate of
mobility (128; 288), the analyses will adjust for age rather than compute a transformed (PCS
moves x Age) independent variable. The DEMQ also provides several other variables in the
study. Parental rank (enlisted vs. officer), race (non-Hispanic white vs. other) and age in years

are also assessed as covariates.
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Physiological measures
Height, Weight, and Body Mass Index (BMI)

A stadiometer and calibrated scale were used to measure height (without shoes) and
fasting weight, respectively. A BMI z-score is calculated from the CDC growth charts, after
adjusting for age and sex (206).

Cardiometabolic Risk Factors

A standard panel for youth with overweight was measured through blood samples drawn
by a trained phlebotomist or registered nurse at FBCH or WRNMMC. The panel of
cardiometabolic risk factors included: triglycerides, cholesterol levels, glucose, insulin,
hemoglobin Alc (HbA1c). Systolic (SBP) and diastolic blood pressures (DBP) were measured
once after 5 minutes rest at the right brachial artery via a blood pressure monitor. Waist
circumference (WC) measurements were taken in triplicate, with a tension tape measure at the
iliac crest. Fasting triglycerides, glucose and cholesterol were measured from blood samples
using a Cobas 6000 ¢ 501 or 701/ 702 analyzer using reagents from Roche Diagnostics
(Indianapolis, IN). LDL-c was calculated using the following formula: Total Cholesterol - HDL -
(TGLY/S).

Stress Assessment Measures
Perceived Stress Scale (PSS)

The PSS is a self-report questionnaire measuring the impact of life events on an
individual’s level of perceived psychological stress. The 14-item questionnaire asks participants
to evaluate the degree to which they appraise situations as stressful within the past month (e.g.,

“In the last month, how often have you felt that things were going your way?”’). The PSS has
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adequate psychometric properties and has been validated in community and laboratory settings
(77). Psychological stress was defined by using the PSS total score.
Allostatic Load Index (ALI)

The ALI was computed from 8 extant biological parameters associated with obesity-
related weight gain from the parent study: low density lipoprotein (LDL) cholesterol, high
density lipoprotein (HDL) cholesterol, triglycerides, systolic and diastolic blood pressure,
HbAlc, BMI, and waist circumference (267). These specific biomarkers have been used
extensively with adult and adolescents to assess cumulative allostatic load in an organism by

accounting for compound physiological pathways simultaneously (61; 190; 351). Age, sex,

ethnicity, and/or height cut-offs were used to denote a value of one (1) for each dysregulated
biomarker. There is no standardized protocol for establishing cut-offs, but the top quartile (i.e.,
25%) 1s generally used (437). The parent study examines an at-risk population experiencing
pediatric overweight or obesity. The proposed study utilized more rigorous adolescent cutofts
(e.g., 85" to 95" percentile) to ensure an adequate distribution. The limited data comparing
optimal scoring for the ALI indicate more sophisticated methodologies have only modest
bearings on predictive utility (140).

Waist circumference cutoff was calculated using the 90™ percentile while controlling for
age, sex, and ethnicity (127). Total cholesterol, LDL cholesterol, and triglycerides’ cutoff was
computed using the 95" percentile while controlling for age and sex (171). HDL cholesterol used
the cutoff of the 5™ percentile while controlling for age and sex (171). HbAlc’s cutoff was in the
95 percentile for sex (328). Systolic and diastolic blood pressure’s cutoff are based on the 95"
percentile for age, sex, and height (317). See Table 1 for a list of the biomarkers to be used in the

formulation of the ALI
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Adjusted Allostatic Load Index (ALI)

To validate the utility of the present study’s ALI formulation, an alternative ALI
formulation will be calculated. The adjusted ALI uses the sample generated cut-offs from the
75th percentile (i.e., BMIz, SBP, DBP, LDL, TRI, WC, HbA1c) or the 25th percentile (i.e.,
HDL) of all participants’ biomarkers. Otherwise, the adjusted ALI was calculated as described
previously.

Metabolic Syndrome (MetS)
There is no uniform clinical definition of MetS for youth (310). Accordingly, this study

elected to closely follow the definition provided by Weiss et al (434) which diagnoses MetS if at

least three of the following criteria are met: BMIz > 2.0, SBP and/or DBP > 95" percentile for
age/sex/height, triglycerides > 95™ percentile for age/sex, HDL < 5" percentile for age/sex, and
fasting glucose > 100 mg.

State-Trait Anxiety Inventory for Children-A trait scale (STAI-C)

The STAI-C is a self-report questionnaire consisting of 20-items administered to children
to assess trait anxiety symptoms (374). The frequency of feelings (e.g., I worry too much) are
rated on a scale of 1 (hardly-ever) to 3 (often). The STAI-C has good internal consistency (mean
alpha coefficient = .89) for the trait scale (31). This measure was used as inclusion criteria for the
parent study and will be adjusted as a covariate.

Adolescent Psychological Questionnaires
Negative Affect

The Beck Depression Inventory- 2nd Edition (BDI-II)
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The BDI-II is a widely used measure used to assess the intensity of depressive symptoms
in the last two weeks (32). The BDI-II consists of 21 items which load onto a single scale. The
BDI-II has demonstrated validity and reliability amongst clinical and community samples (33).
The Life Events and Coping Inventory (LECI)

The LECI is a self-report questionnaire consisting of over 125 stressful life events and 49
common coping strategies (26). Items are rated on a 9-point Likert scale with the following
anchors: 1 = “No stress at all;” 3 = “A little stress;” 5 = “Pretty much stress;” 7 = “A lot of
stress;” 9 = “An extreme amount of stress.” Item generation, refinement, and validation utilized a
normative sample of 681 majority white (94%) middle-class adolescents. The LECI’s indices of
life stress demonstrated adequate test-retest reliability over an 11-week interval with moderate to
high correlations with standardized measures of anxiety/depression in the original normative
sample.

Adult Psychological Questionnaires
Parenting Stress Index — Short Form (PSI-SF)

The PSI consists of 36 items across three scales: dysfunctional parent-child interaction,
difficult child characteristics, and parental distress (1). The proposed study will use PSI total
stress, defined as the stress a parent is experiencing specific to their role. The PSI has adequate
psychometric properties for the population of interest (311).

Family Resilience Assessment Scale (FRAS)

The FRAS is a 54-item measure that assesses family resilience through six subscales:
communication and problem-solving, utilizing social and economic resources, maintaining a
positive outlook, family connectedness, family spirituality, and ability to make meaning of

adversity (368; 425). The FRAS has adequate psychometric properties across a range of samples
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(53; 69). The proposed study will use the FRAS total composite score consisting of all six
subscales.
Data Analytic Approach

Initial Analyses were conducted on the data collected from the baseline assessment using
SPSS v.28 (IBM Corp., 2020). Across all variables, 15 (< 5%) were identified as extreme
outliers (i.e., > 3 SD from the mean) and were adjusted to fall within three standard deviations
from the mean (391). To examine for normality, Q-Q plots were conducted for all study
variables and were observed to have acceptable fit for normally distributed data. Independent
samples z-tests will be conducted to investigate differences between adolescents with no
relocations and those with one or more relocations on demographic variables, covariates, and
study variables. Unless reported otherwise, all analyses adjusted for age in years (continuous),
anxiety symptoms (continuous), parental military rank (enlisted vs. officer), race (coded as non-
Hispanic White vs. other), loss-of-control eating status (presence vs. absence), and BMI-z
(continuous). Statistical significance was set at a < .05 for all analyses. Give the presence of
age/sex as covariates, the analyses were also run using the baseline BMI score. There were no
differences in findings between using the BMIz score versus the unadjusted baseline BMI as a
covariate. When feasible, continuous variables were used in order address the study’s modest
shortfall in statistical power. No efforts were made to adjust for multiplicity in the present study
which may increase the risk of type I error. In cases where both parents are servicemembers,
parental rank was determined to be the highest rank in the family household. For example, if a
mother is enlisted while the father is an officer the resultant classification would be coded under

the officer category.
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For the primary analyses, a series of three multiple linear regression models were
conducted using the multiply imputed data to examine the relationship between PCS moves with
1) PSS total score, 2) BDI-II total score, 3) the allostatic load index, after adjusting for
covariates. Visual inspection of scatterplots and tests for linearity will be conducted to ensure no
deviance from the expected linearity. To examine if PCS moves interacted with the parenting
stress or family resilience, the linear regression models were repeated with the addition of two
separate interaction terms. These interaction terms were completed even in the absence of a
significant main effect. As discussed, high levels of family resilience or high levels of family
stress may attenuate or exacerbate, respectively, the impact of PCS moves and adolescent poor
health/well-being (56). Therefore, an interaction term was computed for analysis by calculating
the product of mean-centered PCS moves and the mean-centered interaction terms (i.e., PSI,
FRAS).

Specific Aim 1

To examine the relationships among PCS moves, parental stress, family resilience. and
adolescent physiological health.

Hypothesis 1a: To determine the presence of a significant positive association between
PCS moves and a summary biological index of allostatic load (ALI), a linear regression model
was created with PCS moves as a predictor variable and ALI as the dependent variable, after
adjusting for covariates.

Hypothesis 1b: A simple moderation analysis was performed to investigate the
hypothesis that the Parenting Stress Index (PSI) would moderate the association between PCS
moves and ALI such that as the PSI increases, the association between PCS moves and ALI

would increase. The outcome variable was ALI. The predictors variables were PCS moves and

85



PSI. An interaction was computed from the mean-centered predictors between PCS moves and
PSI. Examination of the interaction plot was used to determine the nature of the proposed
moderation. All modeled effects adjusted for covariates (excluding BMI-z).

Hypothesis Ic: A simple moderation analysis was performed to investigate the hypothesis
that parental-report on the Family Resilience Assessment Scale (FRAS) would moderate the
association between PCS moves and ALI, such that as the FRAS increases, the association
between PCS moves and the ALI would decrease. The outcome variable was ALI. The predictors
variables were PCS moves and FRAS. The moderation analyses was performed as described
previously. All modeled effects adjusted for the covariates (excluding BMI-z).

Specific Aim 2

To examine the relationships among PCS moves, parental stress, family resilience, and
adolescent psychological adjustment (i.e., Perceived Stress Scale (PSS); Beck Depression
Inventory (BDI-II)).

Hypothesis 2a: To determine the presence of a significant positive association between
PCS moves with the PSS and BDI-II, a series of linear regression models were created with PCS
moves as a predictor variable and the PSS total score and BDI-II total score as the dependent
variables.

Hypothesis 2b: A series of simple moderation analyses were performed to investigate the
hypothesis that parental stress (PSI) moderates the association between PCS moves with the PSS
and BDI-II such that as the PSI increases, the association between PCS moves and PSS and BDI-
II would increase. The outcome variables were the PSS total score and BDI-II total score. The
predictor variables will be PCS moves and PSI. The moderation analyses was conducted as

described previously. All modeled effects adjusted for the covariates.

86



Hypothesis 2c: A series of simple moderation analyses were performed to investigate the
hypothesis that parental-report on the Family Resilience Assessment Scale (FRAS) moderates
the association between PCS moves with the PSS and BDI-II such that as the FRAS increases,
the association between PCS moves and PSS and BDI-II would decrease. The outcome variables
were the PSS total score and BDI-II total score. The predictor variables were PCS moves and
FRAS. The moderation analyses was conducted as described previously. All modeled effects
adjusted for the covariates.

Exploratory Aim 3:

To determine the utility of the ALI in detecting stress-based physiological dysregulation
in a sample of high-risk military-connected adolescents.

Hypothesis 3a: The results from Specific Aim 1 were compared to three exploratory
analyses: the adjusted ALI, MetS, and each of the constituent biomarkers. For the adjusted ALI,
a multiple linear regression was calculated to predict the adjusted ALI based on participant’s
total PCS moves after adjusting for age in years, anxiety symptoms, parental military rank, race,
and loss-of-control eating status. For MetS, A logistic regression was calculated to predict the
presence of MetS (binary) based on each participant’s total PCS moves after adjusting for age in
years, anxiety symptoms, parental military rank, race, and loss-of-control eating status. For the
constituent biomarkers, a series of multiple linear regressions were calculated to predict each
individual biomarker in the ALI based on a participant’s total PCS moves after adjusting for age
in years, anxiety symptoms, parental military rank, race, and loss-of-control eating status.
Power

Power analyses for all the aims were conducted using G*Power 31 (122). The relocation

outcome literature precludes meta-analysis due to heterogeneity in study methodology and
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quality. As a result, the estimated effect size for any effects was expected to be small-to-medium
(Cohen's f2=.09). A series of power analyses were conducted using an alpha level of .05 at a
power of 80%. The sample size required given these conditions can be viewed in Table 2 with
both the baseline data and multiply imputed data. The total available cases for the independent
variable (Total PCS moves) for the specific aims was fixed at 164. Using a post-hoc power
analysis, the shortfall in sample size only equates to a modest reduction power. Regardless,
effect sizes were included for all analyses to supplement this shortfall in statistical power. Table
2 details the achieved power (%) across analyses.
Missing Values Analyses

Missing values analyses suggest the current sample would benefit from imputation
procedures. The primary cause for missing data was item non-response across the study’s
measures. Total missingness was relatively low with less than 5% missing data across all values.
However, 74% of variables are incomplete with only 54% of participants having complete data
for analysis. An analyses of item-level missing data indicated missing data in excess of 5% in
several variables: the FRAS (13%), ALI (13%), PSS (13%), BDI (9%), WC (8%), Parental Rank
(5.5%), and HbA1c (5.5%). Consequently, a complete case analysis via listwise deletion could
potentially discard nearly half of participant data and result in incongruent samples across the
study’s aims. See Table 4 for a summary of missing data across study variables in the observed
data.

To meet required statistical power and in accordance to published/unpublished missing
data procedures, person-mean imputation was performed on the FRAS, PSS, and BDI for
participants missing 10% or less of their item-level responses. Person-mean imputation is a

widely utilized statistical procedure used to address missing data. This procedure substitutes
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missing values in a scale for the participants’ statistical mean (102). Mean imputation is
convenient but is also known to introduce statistical bias by ignoring sampling variability. In the
current study, person-mean imputation was considered to introduce excessive bias into the
analyses despite a modest increase of statistical power (35). Table 4 summarizes the results of
the mean imputation procedure.

In lieu of listwise deletion and mean imputation, the observed dataset underwent Multiple
Imputation (MI). MI is an improvement over single imputation procedures by incorporating: 1)
non-responders’ sampling variability through independent random draws from a predictive
model (i.e., the imputation model); and 2) uncertainty regarding non-response by pooling
multiple permutations of the imputation model (325). MI has been demonstrated to produce valid
statistical inferences for missing values when total missingness is less than 40% (184).

In accordance with Rubin’s nomenclature (324) and established imputation procedures
(184), Ml is considered reliable under the assumption of Missing Completely at Random
(MCAR) or Missing at Random (MAR). Pattern analysis of missing data was not observed to
have any significant trends to indicate a consistent pattern of missing data across participants. In
addition, Little’s MCAR test was not significant (y2 = 246.412; P = .392) thereby failing to reject
the null hypothesis that the data is MCAR. Lastly, independent samples t-tests and chi-square
analyses found no significant differences (o =.05) between completed cases and cases with
missing data for the FRAS, ALI, BDI, PSS, WC, and Parental Rank across all the study’s
variables.

In the event the missing data is Missing Not at Random (MNAR), one would expect item
non-response to be directly related to the reason the data is missing. There is no compelling

evidence to suggest item missingness is related to the pattern of observed data. It is possible
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measures of parenting stress/resilience may induce defensiveness and/or item non-response;
however, there is no evidence of an association between missingness in the PSI and FRAS.
Significant negative correlations (i.e., r > -.50) between the FRAS and PSI denote divergent
validity in the constructs of family resilience and parenting stress, respectively. If item non-
response was related to defensiveness/family functioning it would be expected the missingness
between these measures would be correlated.

In summary, there is no evidence to suggest the observed missingness in the data violates
MCAR or MAR given: 1) the limited (< 5%) missingness across all variables, 2) no evidence of
any correlates of missingness amongst the study’s variables of interest, and 3) an insignificant
Little’s MCAR test. However, there is still the possibility the data is Missing Not at Random
(MNAR) and some observed and/or unobserved latent variable could be responsible for the
missingness. As a precaution the results of the observed and MI analyses are reported. In the
event of significant discrepancies across tested models, a sensitivity analysis will be performed
to assess the robustness of the imputation model (136).

Multiple Imputation Model

The Imputation Model was constructed using SPSS V.28 (IBM, 2020). SPSS provides a
set of tools to assist in missing data analysis and MI. Initial missing values analysis confirmed
the utility and feasibility of multiple imputation for the current dataset. 19 variables (see Table 4)
were included into the final imputation model under the assumption of MAR. Two interaction
terms (PCS Total * FRAS/PSI) were computed using the imputed data and subsequently
included into the final analysis (404). No auxiliary variables were identified to be associated with
missingness in the data and therefore none were considered for inclusion into the final

imputation model. All variables were constrained using the observed data’s minimum and
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maximum after adjusting all values to fall within 3 standard deviations of the mean. To assist in
reproducibility of the imputation model a Mersenne Twister was set to the fixed value of
“200000 as the method of random number generation (426).

SPSS was set to automatically select the imputation method based on the pattern of
missingness in the observed dataset. The pattern of missing data was determined to be arbitrary
by both the software and during the author’s missing value analysis, therefore an iterative
Markov chain Monte Carlo (MCMC) was used. A fully conditional specification (FCS) method
used all available variables in the model as predictors, then imputes missing values for the
variable being fit. The method continues until the assigned number of permutations, and the
imputed values are saved to a separate imputed dataset (184). A total of five imputed datasets
were produced and all analyses were pooled in accordance with Rubin’s rules (325). A total of
157 values were imputed into the model across 14 variables. Visual inspection of the Q-Q plots
and of the tabulated data (see Table 4) indicate the imputed values compare reasonably well to
the observed values. As a result, the imputation model’s results are considered valid and
presented in the ensuing analysis. It should be noted SPSS does not produce regression model
statistics for the pooled MI results. However, given the study’s aims and focus on individual

predictors, the pooled model statistics were considered extraneous.
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CHAPTER 3: RESULTS
Participant Demographics

A total of 164 military-dependent adolescents were included in the final analysis. The
sample’s demographics were majority female (58.5%) with a participant mean age of 14.5 years
(8D = 1.6). Participants’ racial/ethnic identification were: 57.9% Caucasian, 22.0%
Black/African American, 22.0% Hispanic/Latino, 12.2% Multiple Races, 3.0% Asian, and 2.4%
unknown. Regarding inclusion characteristics: approximately 5.0% of the sample endorsed LOC
eating within the past month only, 45.5% scored high in trait anxiety only (at or above 32 on the
STAI-C), and 42.1% endorsed both LOC eating in the last month and scored high in trait
anxiety. The sample’s mean BMI-z was 1.9 (SD = 0.4).

The sample’s mean of cumulative PCS moves at baseline was 3.5 (SD = 3.0), ranging
from no PCS moves to 14 PCS moves. The median number of PCS moves for the current sample
was 3.0. Approximately one quarter of the sample (22.5%) reported no relocations on the DEMQ
while 77.5% endorsed at least one relocation. There was a distinct positive skew in the
distribution of PCS moves, with the single most common number of relocations (i.e., mode)
being 0. The percentile distributions also demonstrate the positive skew: individuals with 5
relocations were in the 75™ percentile while those with 8 relocations were in the 95" percentile.
There were no significant differences between participants with no relocation against those with
at least one relocation on any of the pertinent demographic variables. Table 3 shows
demographics for the full sample, as well as information by relocation status.

The sample’s mean on the ALI at baseline was 2.3 (SD = 1.3), with the cumulative index

score of dysregulated biomarkers ranging from 0 to 6. The ALI appears normally distributed
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after visual inspection of the sample’s histogram and P-P Plot. Table 1 lists the sample
percentage meeting the assigned normative cut-offs.

Approximately 16.4% met the criteria for MetS by meeting 3 or more of the following
criteria: BMIz > 2.0, SBP and/or DBP > 95" percentile for age/sex/height, triglycerides > 95%
percentile for age/sex, HDL < 5™ percentile for age/sex, and fasting glucose > 100 mg. The
sample percentage meeting the cut-off criteria for SBP, DBP, Triglycerides, and HDL can be
found in Table 1. 39.6% and 5% met the aforementioned cut-off criteria for BMIz and fasting

glucose, respectively.

Specific Aim 1
To examine the relationships among PCS moves, parental stress, family resilience, and

adolescent physiological health.

Hypothesis 1a: There will be a significant positive association between PCS moves and
a summary biological index of allostatic load (ALI).

Results of Hypothesis 1a: The regression model was not statistically significant [F
(7,123) = 1.47, p = .19] with an adjusted R’ = .03. Individual predictors were examined further
and none of the variables were significantly associated with allostatic load (ps > .05). For the
pooled MI model, only the presence of LOC eating in the past month was a significant predictor
(b=0.43, SE[b] = .20, p = .03, 95% CI [0.03, 0.82]) of increases in the ALI. See Table 5 for the
complete summary of the regression analyses. Observed power is reported in Table 2.

Hypothesis 1b: The FRAS will moderate the association between PCS moves and ALI
such that as the FRAS increases, the association between PCS moves and ALI will decrease.

Results of Hypothesis 1b: The regression model was not significant [F (9, 105) =1.31; p
= .24] with an adjusted R’ = .02. Likewise, individual predictors were examined and none were

significant (ps >.05). For the pooled MI model, being male was significantly associated with
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increased ALI (b =0.43, SE[b] = .21, p = .04, 95% CI [0.02, 0.84]; see Table 5). Observed
power is reported in Table 2.

Hypothesis 1¢: Parental-report on the PSI will moderate the association between PCS
moves and ALI, such that as the PSI increases, the association between PCS moves and the ALI
will decrease.

Results of Hypothesis 1¢c: The model was not statistically significant [F (9, 117) = 1.46;
p = .17] with an adjusted R? = .03. Likewise, individual predictors in both the observed and
pooled model were examined and none were found to be significant (ps >.05). See Table 5 and
Table 2 for the complete summary of the regression analyses and observed power analyses,

respectively.

Specific Aim 2
To examine the relations between PCS moves, parental stress, family resilience, and

adolescent psychological adjustment (i.e., PSS/BDI-II).

Hypothesis 2a: There will be a significant positive association between PCS moves with
the PSS and BDI-II.

Results from Hypothesis 2a: The regression model for the PSS was significant [F' (8,
118)=5.01; p <.001] with an adjusted R*>= .21. Individual predictors were examined further and
indicated only the baseline STAI-C score (b =0.51; SE[h] =0.11, p <.001, 95% CI [0.29, 0.73])
was significantly positively associated with PSS scores. For the Pooled MI model, the baseline
STAI-C score retained significance (b = 0.49; SE[b] = 0.10, p <.001, 95% CI1[0.30, 0.68]). See
Table 6 for the summary of the complete regression analysis. Observed power is reported in
Table 2.

The regression model for the BDI-II was significant [F (8, 123) =5.11; p <.001] with an

adjusted R? of .20. Being female (b = - 2.89, SE[b]= 1.27, p = .03, 95% CI [-5.41, -0.38]) and the
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baseline STAI-C score (b =0.56, SE[h] = 0.10, p <.001, 95% CI[0.36, 0.76]) were both
associated with higher BDI-II scores. Similarly, for the Pooled MI model, both being female (b =
-3.53, SE[b] = 1.21, p <.004, 95% CI [-5.93, -1.14]) and the baseline STAI-C score (b =0.57,
SE[h] = .01, p <.001, 95% CI [0.39, 0.76]) retained significance. See Table 7 for the summary
of the complete regression analysis. Observed power is reported in Table 2.

Hypothesis 2b: Family Resilience will moderate the association between PCS moves
with the PSS and BDI-II such that as the FRAS increases, the association between PCS moves
and PSS and BDI-II will increase.

Results from Hypothesis 2b: Multiple linear regressions were calculated to conduct a
series of simple moderation analyses to determine if the FRAS moderates the association
between PCS moves and psychological outcomes (i.e., PSS/BDI-II). For the PSS outcome
variable, the regression model was significant [F (10, 99) = 3.17; p <.001] with an adjusted R*>=
.19. Individual predictors were examined and only the STAI-C (b =0.49, SE[b] =0.12, p <.001,
95% C110.25,0.73]) was significantly associated with higher PSS scores. For the pooled MI
model, the STAI-C retained significance (b = 0.49, SE[b] = 0.10, p <.001, 95% CI [0.30,0.69];
see Table 6). However, PCS total moves were significantly negatively associated with lower PSS
scores in both the observed (b =-0.53, SE[b] = 0.27, p =.048, 95% CI [-1.07, -0.01]) and pooled
data (b =-0.42, SE[b] = 0.21, p =.044, 95% CI [-0.83, -0.01]). For the BDI-II outcome variable,
the regression model was significant [F (10, 103) = 4.34; p < .001] with an adjusted R? of .23.
Individual predictors were examined to indicate the baseline STAI-C score (b = 0.60, SE[b] =
0.11, p <.001, 95% CI [0.38,0.81]) was associated with higher BDI-II scores. For the Pooled MI
model, the baseline STAI-C score (b =0.57, SE[b] =0.10, p <.001, 95% CI [0.38,0.77]) retained

significance and directionality, while being female (b =-3.49, SE[b] = 1.24, p = .01, 95% CI [-
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5.96,-1.02]) was associated with higher BDI-II scores. See Table 7 and Table 2 for the summary
of the complete regression analysis and power analyses, respectively.

Hypothesis 2¢: Parental-report on the Parenting Stress Index (PSI) will moderate the
association between PCS moves and psychological health (i.e., BDI-II & PSS) such that as PSI
increases, the association between PCS moves and psychological health will increase, after
adjusting for covariates.

Results from Hypothesis 2¢: A multiple linear regression was calculated to conduct a
simple moderation analysis to determine if the PSI moderates the association between PCS
moves and PSS. The regression model was significant [F (10, 102) = 3.73; p <.001] with an
adjusted R?=.18. Individual predictors were examined further and only the STAI-C (b = .49,
SE[h]=0.11, p <.001, 95% CI [0.26, 0.71]) was significantly associated with higher PSS scores.
For the pooled MI model, the STAI-C retained significance and directionality (b = .49, SE[b] =
0.10, p <.001, 95% CI [0.30, 0.69]; see Table 6). Observed power is reported in Table 2.

In addition, a multiple linear regression was calculated to conduct a simple moderation
analysis to determine if the PSI moderates the association between PCS moves and BDI-II. The
regression model was significant [F (10, 118) = 3.89; p <.001] with an adjusted R>=.18.
Individual predictors were examined to indicate the baseline STAI-C score (b = 0.55, SE[b] =
0.10, p <.001, 95% CI [0.35, 0.76]) and being female (b = -2.83, SE[h] = 1.29, p =.03, 95% CI
[-5.38, -0.28]) was associated with higher BDI-II scores. For the Pooled MI model, both being
female (b =-3.52, SE[b] = 1.22, p = .01, 95% CI [-5.94,-1.10]) and the baseline STAI-C score (b
=0.57, SE[b] =0.10, p <.001, 95% CI [0.39,0.76]) retained significance and their respective
directionality. See Table 7 and Table 2 for the summary of the complete regression analysis and

power analyses, respectively.
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Exploratory Aim 3:

To determine the utility of the ALI in detecting stress-based physiological dysregulation
in a sample of high-risk military-connected adolescents.

Hypothesis 3a: The present study’s formulation of the ALI will prove superior in
detecting stress-based physiological dysregulation in a sample of high-risk military-connected
adolescents than either MetS or analyses of the constituent biomarkers.

Results from Hypothesis 3a: For the adjusted ALI, Table 8 lists the summary of the
linear regression analysis using the different scoring methodology. In the observed data, the
regression model for the adjusted ALI was significant [F' (7, 139) = 2.13; p =.05] with an
adjusted R?>=.05. However, examination of the individual predictors demonstrated only being
male (b =0.90, SE[b] = 0.05, p =.004, 95% CI [0.30, 1.51]) was associated with increased ALI.
Being male (b =1.14, SE[0] =0.29, p <.001, 95% CI [0.57, 1.72]) retained significance and
directionality in the Pooled MI model. For MetS, the results of the logistic regression indicated
none of the predictor variables were significantly associated with MetS (a = .05; see Table 9).

The results of the regressions for each constituent biomarker are summarized according
to their respective biological system: cardiovascular (Table 10), metabolic (Table 11), and
anthropometric (Table 12). The following results summarize only the imputed data. When
examining the biomarkers independently, PCS moves were not significantly associated with any
of the cardiometabolic/anthropometric biomarkers which constitute the ALI.

In terms of the cardiovascular markers, only age (b =0.18, SE[b] = 0,05, p <.001, 95%
CI[0.08, 0.29]) and maleness (b =5.29, SE[b] = 2.03, p = .01, 95% CI [1.30, 9.29]) was
significantly associated with higher SBP. For the metabolic variables, having an officer as a

parent was associated with lower blood glucose (b =-0.12, SE[b] = 0.05, p = .02, 95% CI [-0.22,

97



-0.02]) and greater levels of HDL (b =7.55, SE[b] =2.31, p =.001, 95% CI [2.97,12.12]). Being
male was associated with increased triglycerides (b =20.37, SE[b] = 7.96, p = .01, 95% CI1 [4.77,
35.97]) and lower HDL (b = -7.24, SE[b] = 2.04, p <.001, 95% CI [-11.26, -3.22]) In terms of
anthropometric markers, being male was associated with greater BMIz (b = 0.19, SE[b] = 0.06,
p =.002,95% CI[0.07, 0.31]) and greater waist circumference (b = 6.30, SE[b] = 1.89, p <.001,
95% CI1[2.58, 10.01]). Older ages (b =0.14, SE[b] = 0.05, p = .01, 95% CI [0.04, 0.24]) were
associated with greater waist circumference. LOC eating in the past month (b = 3.96, SE[b] =

1.86, p = .03, 95% C1 0.31,7.60]) was associated with greater waist circumference.
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CHAPTER 4: DISCUSSION

The primary purpose of this study was to examine if PCS moves —a common and
frequency military lifestyle stressor — are disruptive to the physical and psychological health of
an ethnically diverse sample of at-risk military adolescents exhibiting overweight, elevated trait
anxiety, and/or LOC eating. This sample’s comorbidities were expected to place these
adolescents at higher risk of post-PCS maladjustment. Further, this study sought to determine if
parental stress and family resilience moderates the proposed relationship between PCS moves
and physical/psychological health. The identification of modifiable family factors may provide
valuable points of intervention in alleviating the proposed sequelae of PCS moves. The following
section highlights the results and interpretation by study aim.

Specific Aim 1

Specific aim 1 examined if the relationship between PCS moves, parenting stress, and
family resilience influenced adolescent physiological health. Specifically, it was hypothesized: 1)
there would be a significant positive association between PCS moves and scores on the ALI after
adjusting for covariates; 2) Family resilience would moderate the association between PCS
moves and ALI, such that as family resilience increases, the association between PCS moves and
the ALI would decrease, after adjusting for covariates; and 3) parenting stress would moderate
the association between PCS moves and ALI such that as parenting stress increases, the
association between PCS moves and ALI will increase, after adjusting for covariates.

Contrary to expectations, the relationship between PCS moves and the ALI was not
significant across any of the analyses. Analyses of individual predictors likewise demonstrated

negligible effect sizes for PCS moves’ impact on the ALI; a finding replicated across many of

99



the study’s predictor variables. Further, there was no evidence to suggest either family resilience
or parenting stress interacted to influence the relationship between PCS moves and the ALL.

This is the first study to specifically examine physical health outcomes in relation to PCS
moves. Although research in military-connected youth is sparse, the wider civilian literature
suggests relocation has deleterious physical effects in the presence of significant psychosocial
stressors (27). Indeed, several studies demonstrate childhood adversity and dysfunctional family
dynamics manifest as poor physcial health as indicated by elevations in allostatic load scores
(265 1165 117; 320). Given these trends, it was expected the current study’s inclusion
characteristics of overweight, high trait anxiety, and/or LOC eating would confer sufficient
vulnerability to maladaptation following PCS moves to culminate in evident physiological
dysregulation. There are several possibilities as to why this study failed to replicate previous
findings among at-risk youth.
Evaluation the ALI as a Measure of Cumulative Stress for Military-Associated Youth

One possible reason for the lack of significant findings is that the ALI may be an invalid
measure of cumulative stress and “wear-and-tear” for military-associated youth. There are
relatively few studies examining allostatic load in youth and it could be inadequate to for the
purposes of assessing psychosocial stress. There are several critiques of the allostatic load
concept germane to the current study which need to be addressed: 1) the applicability of
cumulative physiological stress for youth samples with a myriad of health concerns; and 2)
inconsistent operationalization of the allostatic load construct.

It is possible that youth — despite the presence of physical vulnerabilities — are unlikely to
exhibit an elevated ALI due to the natural resilience of adolescence. The original ALI was

validated on a geriatric population most likely to experience the cumulative stress-induced
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physiological dysregulation for a lifetime (193). The process of senescence is associated with the
attenuation of the body’s physiological development which exacerbates cumulative stress load.
On the other hand, adolescence is the period in which allostatic load would be least impactful
and conflated with pubertal development, lifestyle behaviors, and/or cultural factors. It may be
that military lifestyle stressors — to include PCS moves — contribute to discernable allostatic load
profiles only as the body progresses into adulthood. Delayed onset for relocation-related
sequalae has been documented in civilian samples. Lin et al (222) found relocation during
adolescence, after adjusting for confounders, was associated with increased physical and

psychological health complaints in middle adulthood. Similarly, Webb et al (431) found spikes

in relocation frequency during adolescence corresponded to greater likelihood of adverse
outcomes in adulthood.

It may also be the case that an at-risk sample may not be the most amenable to
determining an association between psychosocial stressors and physical illness. Selecting at-risk
youth based off elevated anxiety, LOC eating, and high weight may inadvertently introduce
“floor” and “ceiling” effects thereby limiting the ability to detect discernable differences. Several
of the biomarkers had an upper limit which, if surpassed, would preclude entry into the study.
For example, a youth with diabetes or a serious anxiety condition requiring aggressive
intervention would be excluded. In addition, the current sample consisted of youth with high
weight/obesity. Because cardiometabolic and anthropometric outcomes are strongly associated
with weight/adiposity, it is probable the inclusion criteria limited the present sample’s variability.
Visual inspection ALI’s histogram demonstrates a slight positive skew with which partially
supports the presence of a ceiling effect. That no participant received a maximum score of eight

on the ALI is also suggestive of the aforementioned sample limitations. Despite these concerns,
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visual inspection of the ALI’s distribution confirms that the distribution is relatively normal
suggesting that an at-risk sample has only a modest bearing on the utility of the ALI.

Aside from the applicability of the ALI with at-risk military youth, there is considerable
heterogeneity in the operationalization of allostatic load which need to be addressed. The present
study selected eight biomarkers based on availability and informed by past research (190).
Although cardiovascular, anthropometric, and metabolic biomarkers were well-represented in the
ALI, this study was unable to include several primary mediators (i.e., stress hormones,

inflammatory markers). In other studies examining youth, Evans et al (117) and Rogosch et al

(320) formulated an allostatic load composite which directly measured primary mediators such
as epinephrine, norepinephrine, DHEA, and cortisol. Moreover, there is evidence that LOC
eating — an inclusion criterion in the present study — is associated with chronic inflammation
(358). Accordingly, the inability to include HPA-axis correlates/inflammatory biomarkers
suggest the ALI was limited in detecting prodromal stress-related dysregulation.
PCS-Related Disruptions as Low-Threshold Stressors

Establishing the utility of the ALI for the purposes of this study, the most probable
remaining explanation for the lack of significant findings are: 1) disruptions induced by PCS
moves are not sufficiently stressful or lasting to manifest in long-term physiological
dysregulation; and/or 2) the current resources/programs available to military youth attenuate the
adverse impact of high mobility. Past surveys have suggested a majority of military families
endorse PCS moves as one of the most consistent and distressing military lifestyle stressors
(121). A descriptive analysis of the Life Event and Coping Inventory (LECI) in the current
sample suggests military youth do not consider relocations as particularly stressful life events. In

the current sample, self-reported stress reactivity when “moving to a new home (Item 4)” on the
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LECI was in the lowest quartile of 123 life events with mean stress reactivity rated at 4.5 and a
standard deviation of 2.2 (using a 9-point Likert scale). Of note, there was no statistically
significant difference in mean stress reactivity between adolescents with no relocation history
and adolescents with 1+ relocations.

It must be noted that the original validation of the LECI only presented psychometric data
related to the cumulative life event score without providing detailed data as to the reliability or
validity of the LECI’s individual life events (96). Moreover, the original normative sample was
limited to primarily white adolescents between the ages of 11 to 14 drawn from the larger
civilian community. Despite these limitations, there are several justifications to support usage of
a single-item to assess stress reactivity in the current sample. First, self-reported stress reactivity
in response to relocation is sufficiently specific and common enough to be thought as reasonably
face valid. Relatedly, the participants’ specific score is less important when considering the
relative ranking of PCS-related stress reactivity in the bottom quartile of over 100 stressful life
events. The usage of a brief reactivity assessment measure has a precedent in the relocation
literature. More specifically, Bullock (56) utilized a similar paradigm (341) to assess affective
reactivity in regard to PCS moves in a sample of Canadian military youth. Some researchers
have even proposed single-item measures demonstrate reasonable validity when used to assess
generally familiar multi-modal constructs (418). A significant positive correlation (r =.17, p =
.04) between Item 4 from the LECI (i.e., “You Moved to a New Home”) and the total STAI-C
score further suggests a relationship between single LECI item and overall stress sensitivity.

The evidence from the LECI in the present study corroborates other studies which
support that relocation’s impact on physical and psychological health is best explained by

first/second-order disruptions induced or maintained by the move itself (101; 117). Specifically,
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moving itself is only stressful insofar as the events preceding or following a move are stressful.

For example, Dong et al (101) found the association between residential mobility and adverse
health outcomes was primarily attributable to adverse childhood experiences (e.g., familial
poverty/death) which prompted the relocation. Of the studies specific to youth, the researchers
found the ALI was elevated in the presence of significant environmental stressors such as
impoverishment and maltreatment (116; 320). This would suggest that PCS moves — despite their
frequency — are unlikely to result in sustained psychosocial stress which would culminate in poor
physical health, unless there are other significant environmental stressors present.

It is also probable that the first/second-order disruptions induced by PCS moves are
attenuated by the military family readiness system and substantial financial/social support. Past
research related to ALI in youth has found effects in the presence of sustained social stressors
unrelated to the military. As discussed, a significant portion of the DOD personnel budget is
spent on initiatives to strengthen military families to include: quality child-care and housing (62),
access to unique medical needs through the Exceptional Family Member Program (430),
transition assistance for students in the Department of Defense Education Activity (DODEA)
school system (38), and support for Family Readiness Groups (362). This institutional support
results in PCS moves that are expected, routine, and well-supported by DOD initiatives.

Notable adverse experiences which could instigate a relocation (e.g., death of a parent,
eviction) are uncommon for PCS moves and are less generalizable to military samples. In fact,
the aims of the parent study are a prime example of the institutional efforts to prioritize family
well-being. Therefore, it is possible those youth who do endorse high stress reactivity to PCS-
related disruptions are able to secure services and support from the wider military community.

The prevalence of resources and support for military families may also explain why key family
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processes (i.e., PSI-SF, FRAS) failed to moderate the association between PCS moves and the
ALL
Specific Aim 2

Specific aim 2 examined if the relationship between PCS moves, parenting stress, and
family resilience influenced adolescent psychological health (i.e., PSS/BDI-II). Specifically, it
was hypothesized: 1) there will be significant positive association between PCS moves and
scores on the PSS and BDI-II after adjusting for covariates; 2) family resilience will moderate
the association between PCS moves and PSS/BDI-II, such that as family resilience increases, the
association between PCS moves and PSS/BDI-II will decrease, after adjusting for covariates; and
3) parenting stress will moderate the association between PCS moves and PSS/BDI-II such that
as parenting stress increases, the association between PCS moves and PSS/BDI-II will increase,
after adjusting for covariates.
PCS moves and Perceived Stress

It was expected that the present sample’s inclusion criteria conferred sufficient
vulnerability for post-PCS maladjustment. Indeed, surveys of military families have ranked PCS
moves — and the associated first/second-order disruptions — as one of the most routine and
significant military lifestyle stressors (385). The interaction between the sample’s risk factors
with PCS-related disruptions was expected to exacerbate stress reactivity as measured by the
PSS. Indeed, this was partially supported in the data as only trait anxiety predicted scores on the
PSS. This suggests baseline anxiety is a risk factor for greater appraised stress.

However, the findings of the present study suggest that despite significant comorbid
vulnerabilities, military-associated youth with high weight have minimal adverse reactions to

relocation stress. The diathesis of the sample for physical/psychological illness would be
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expected to respond negatively to military relocation stress. This was not the case, however, as
these findings bolster the evidence-base that military-associated youth exhibit resilience in
response to PCS moves (344; 383). In fact, there is distinct trend in the data to suggest PCS
moves themselves may confer resilience to appraised stress. Contrary to the hypothesized
directionality, the present study found total PCS moves were negatively associated with PSS
scores, such that participants who reported more moves also reported lower perceived stress.
Across models, each additional PCS move was associated with an approximately 0.40 decrease
in total PSS scores. The PSS may range from 0 to 40, therefore a 0.40 change in PSS scores is
relatively modest. It should be noted PCS moves did not significantly predict perceived stress in
all models. The other two analyses barely failed to meet the threshold for significance (i.e., p
=.053; p =.052). These analyses differed by the inclusion or removal of several moderator
variables (i.e., PSI-SF/FRAS). The most probable rationale for Models 1 and 3 (see Table 6) not
being significant is likely a consequence of the modest shortfall in observed statistical power (see
Table 3).
PCS moves and the Challenge Model of Resilience

The rationale for these unexpected findings is likely attributed to the challenge model of
resilience (213). In the challenge model a putative risk factor (i.e., PCS moves), provided it does
not induce excessive stress, confers resilience to future stressors. As discussed, the mean score
for self-reported stress reactivity (LECI 4) to PCS moves was in the lowest quartile of 123 life
events thereby supporting that PCS moves are a low-threshold stressor. In other words, if a PCS
move is resolved successfully, it may enhance self-efficacy and responses to future military
lifestyle stressors. This is consistent with the allostatic framework whereby these low-threshold

stressors are met with successful adaptation thereby averting allostatic overload (see Figure 3).
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The evidence for the challenge model is further bolstered by several other studies.
Relocation frequency is often operationalized as mobility rate, a variable computed by dividing a
participant’s total relocations by their age (144). Mobility rate provides a valuable method of
assessing the “dosage” of PCS moves over a participant’s lifetime. For example, a 14-year-old
adolescent with five relocations and a 14-year-old with 10 relocations would exhibit mobility
rates of 0.36 and 0.71, respectively. If PCS moves follow a challenge model of resilience, it
would be expected that a greater “dosage” of military relocation stress, as operationalized by
mobility rate, would correspond to improved adolescent outcomes. Indeed, several studies
support that greater relocation frequency is associated with beneficial youth outcomes (144;

433). For example, Weber and Weber (433) surveyed military parents to find higher mobility

rates were superior at predicting positive adjustment than total relocations alone. Although the
present study did not compute a mobility rate variable, the inclusion of age adjustments in the
regression model served a similar function.

In addition to frequency, it is important to reconcile the extant literature on relocation
recency for the present study. Past research has found externalizing disorders are associated with

relocation (344; 383). However, in a recent article by Perreault et al (288), externalizing behavior

was no longer significant when relocation recency (i.e., < 12 months) and parental stress were
accounted for in a sample of Canadian military-associated youth. Accordingly, it is plausible that
a normative adjustment period (i.e., “acting out”) is expected and followed by a return to pre-
move functioning. Given the high frequency of relocations, it is probable a third of any
representative sample of military adolescents recently relocated and are in the normative
adjustment period. This may partially explain the presence of some findings regarding adverse

outcomes to PCS moves. Unfortunately, the present study was unable to utilize relocation
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recency or examine externalizing conditions as a viable predictor variable due to sample size
limitations and methodological concerns. Regardless, the present study’s findings in tandem with
the literature on relocation frequency/recency would suggest military lifestyle stressors (i.e., PCS
moves) induce time-sensitive disruptions to adolescent functioning and that, over time, exposure
to such disruptions may confer resilience to perceived stress.

PCS moves and Depressive Symptoms

It was expected that PCS-related disruptions would interact with the sample’s risk
profiles to induce depressive symptoms as measured by the BDI-II. Although there was
evidence that the sample’s trait anxiety was predictive of depressive symptoms, there was no
association between PCS moves and self-reported depressive symptoms in the present sample of
vulnerable youth. In fact, only being female and greater trait anxiety were significantly
associated with depressive symptoms in the present sample. It was hypothesized that relocation
stress would occur as a result of first/second-order disruptions wherein military youth must
navigate the stress of relocation, a novel environment, and new peer groups. Indeed, the
symptoms of depression (e.g., rumination, altered help-seeking) are thought to aid adaptation to
novel environment/stressors (420).

These findings are in contrast to previous studies wherein a relocation has been
associated with youth depressive symptoms (128). Relocation recency appears to moderate the
impact of PCS moves on depressive symptoms, with studies finding these depressive symptoms
dissipating after roughly 12 months (166). Given the lack of an adequate assessment of
relocation recency it is difficult to determine with youth are currently experiencing the sequelae
of a recent relocation.

Family Resilience and Parenting Stress
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The results also indicated family processes such as family resilience and parenting stress
did not influence the relationship between PCS moves and the PSS. This is in contrast to two

recent studies of the Canadian military by Perreault et al (288) and Bullock (56) which found

parental perceived stress and the quality of the parent-child relationship moderated the
relationship between military moves and adolescent outcomes. There are several potential
explanations for this inconsistency. First, if the challenge model is applicable to PCS moves, the
hypothesized protective or compensatory effects of family processes would be unnecessary to
mitigate the mild and transitory impact of PCS-related disruptions. Second, past studies
involving PCS moves examined community samples without examining adolescents with
existing physical and psychological vulnerabilities. The relative impact of high trait anxiety,
greater BMI, and/or LOC eating may dilute the importance of PCS moves of
physical/psychological adjustment. In addition, the parents who voluntary commit for an
extended research study likely exhibit a modicum of functional family processes absent from a
broader community sample. Lastly, as discussed previously, the existing support of the family
readiness system may attenuate the disruptions associated with PCS moves.
Exploratory Aim 3

Exploratory aim 3 examined the utility of the ALI in detecting stress-based physiological
dysregulation in the present sample. Specifically, three exploratory analyses were conducted to
compare the original ALI, the adjusted ALI, MetS, and each of the constituent biomarkers. The
intent behind the comparison of the three established clinical markers was to provide a sensitivity
analysis for the present study’s ALI formulation. It was expected the present study’s ALI using -
group-based norms and higher cut-offs - would be equal or superior to the other three clinical

constructs in assessing stress-based physiological dysregulation.
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The Adjusted ALI

This study differed from other studies in that the ALI’s cut-offs were calculated using
group-based norms in lieu of the sampling distribution (437). Group-based norms were
considered to enhance both the internal and external validity of the study. In terms of internal
validity, the inclusion age, sex, and/or race-adjusted norms was thought to enhance the ALI’s
validity to detect cumulative stress load in lieu of phenotypic differences. In terms of external
validity, adolescent youth with overweight, elevated trait anxiety, and/or LOC eating are
expected to exhibit high allostatic load. Reliance on the sampling distribution’s cut-offs would
limit generalizability of the results to other military-associated youth.

Given the relative dearth of research specific to the group-based normative formulation, a
supplementary analysis was performed with an adjusted ALI calculated using the sampling
distribution (See Table 8). The only notable finding was that males exhibited greater scores in
the adjusted ALI This is unsurprising and consistent with known phenotypic, metabolic, and
cardiovascular differences between sexes (445). Based on the results, it is unlikely the adjusted
ALI is superior in modeling cumulative physiological dysregulation. In fact, the results appear to
indicate the group-based normative ALI effectively adjusted the model for sex-based
physiological differences.

Metabolic Syndrome (MetS) and the Constituent Biomarkers

The ALI is thought to provide incremental validity over established clinical constructs,
including MetS and the ALI’s constituent biomarkers. Notably, LOC eating was not associated
with MetS in the analysis. This contrasts with the past literature that has found relations between
LOC eating, deregulated metabolism, inflammation, and stress. Sampling variability was limited

due to the relatively homogenous adolescent sample selected for exhibiting high weight and
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psychopathology. Such limitations in sampling variability may explain the discrepancy between
past research and the present study’s findings. Therefore, these results suggest markers other
than MetS may be more sensitive at detecting stress-based physiological dysregulation with this
relatively homogenous sample of high-risk youth.

The ALI is also thought to provide incremental validity over independent analyses of
constituent biomarkers. The current study’s analyses of individual biomarkers suggest that the
ALI may be sufficiently sensitive method of operationalizing cumulative physiological
dysregulation. The results of the regressions are summarized according to their respective
biological system: cardiovascular (Table 10), metabolic (Table 11), and anthropometric (Table
12). Significant differences in the cardiovascular markers, metabolic variables, and
anthropometric markers for gender were expected and in-line with recognized phenotypic
variation (309);(354). For HDL and HbA Ic, having an officer as a parent was associated with
lower blood glucose and greater levels of HDL. This association may be related to findings
suggesting parental educational attainment and socioeconomic circumstances improves their
children’s health outcomes (258). Military officers generally require an undergraduate education
and generate significantly more earnings than their enlisted counterparts.

Out of the eight biomarkers used to formulate the ALI, only WC was associated with
LOC eating in the present sample. These findings lend credibility for the overall construct
validity of the ALI in the current sample. LOC eating has been associated with indices of poor
physical health (359). Since LOC eating was associated with the ALI in the original analysis, this
is initial evidence that the ALI may successfully captures the cumulative allostatic load conferred

by the summation of individual biomarkers. Alternatively, at the very least, it might be said that
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the ALI formulation is sensitive to each of its constituent biomarkers. It should be noted that no
efforts were made to adjust for multiple analyses which required caution for interpretation.
Strengths and Limitations

This study has several strengths which address common shortfalls in relocation outcome
research for children and adolescents. Historically, research has relied on parental perceptions of
their children’s functioning (432). Parental perceptions have been found to be highly discrepant
from adolescent self-report — especially in stressed families (88). Accordingly, the current
study’s use of youth self-report in lieu of parental report is a relative strength. In addition,

Garboden et al (144) suggest relocation outcome research’s inconsistent results are, in part, a

failure to adhere to a consistent operational definition for relocation. The military is uniquely

suited to several methodological critiques introduced by Garboden et al (144). Specifically,

military relocations are broadly standardized to be consistent in their operationalization and
generally independent of common intervening variables (i.e., servicemember/ family choice in
moving). Therefore, not only is the military in need for relocation outcome research but it is well
suited to be studied in a scientifically rigorous method. Moreover, the presence of a highly
diverse sample at-risk for physical/psychological illness would be those most likely to be
adversely impacted by military relocation stress. Another prominent strength of this study is the
objective measurement of anthropometric and cardiometabolic factors. Lastly, the inclusion of a
measure of allostatic load represents a novel method of examining chronic stress in military
adolescents.

This study also has several weaknesses that are important to consider. Most importantly,
pertinent findings in the current study are caveated by limitations inherent to cross-sectional

research using available baseline data thereby limiting casual inference. This limitation is
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compounded by evidence suggesting allostatic dysregulation becomes evident in adulthood —
years following the introduction of psychosocial stressors (90). For example, past research has
noted adverse childhood experiences are associated with adult illness and psychopathology
(101). Despite measures taken to increase the available data for analysis, the sample was
modestly underpowered despite the use of multiple imputation which may have contributed to
the inconsistent findings across analyses.

The results of the study may also be ungeneralizable to military youth to the wider
civilian population. The sample also consisted entirely of treatment-seeking military dependents
with overweight/obesity who endorsed trait anxiety and/or LOC eating. Also given the evidence
of possible “ceiling” and “floor” effects from the parent study, it is probable this sample
precludes some high-risk youth. Overall, it must be emphasized this sample is not representative
of military youth in general and may not extend to other sub-populations.

Given the literature’s emphasis on relocation timing/recency, this study was further
limited by its inability to operationalize relocation more broadly. It is quite plausible the
developmental state of the child preceding the PCS move may influence adjustment. The present
study did not examine the periods of early, middle, or late childhood. Instead, the study solely
focused on the adolescent or teenage years due to the parent study’s inclusion criteria. No
adjustment was feasible to account for the developmental state of the child during each of their
moves.

Other unavoidable aspects of conducting a secondary data analysis also presented
complications to include limitations in subjective reporting of relocation history, simplified
demographic data, and time-inconsistent measure selection. The lack of an objective measure of

relocation timing, recency, and duration is a relative limitation in the present study. Additionally,
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the operationalization of parental rank was a binary classification not taking into account the
nuances of dual-military families. There was also some inconsistency in the time period covered
by individual measures. For example, the PSS asked to rate stress reactivity in the past month
while the BDI-II evaluates depressive symptoms in the past two weeks. Although such measures
have proven psychometric validation to a recognized clinical construct, there remains the
possibility of the timing of such questions introducing error through contemporaneous adverse
events.

Lastly, there were several limitations associated with the use of the ALI. Most
importantly, the ALI used the available cardiometabolic biomarkers and could not incorporate
primary mediators (i.e., cortisol) indicative of prodromal allostatic overload. In the present study
the ALI was only calculated cross-sectionally and would benefit from longitudinal assessment of
cumulative allostatic load.

Clinical and Systemic Implications

Following the modern military’s transition into the AVF, the health and well-being of
military dependents has been of increasing concern to both clinicians and policymakers. Past
research has suggested military lifestyle factors (i.e., PCS moves) and family systems may
dispose military-connected youth to adverse health outcomes and, therefore, serve as prime
candidates for targeted intervention (56). This research has culminated into a number of
intervention programs (332) specifically designed to foster family processes and mitigate the
impact of military lifestyle stressors.

Clinical research has informed military leaders and policymakers’ as to how military-
connected youth impact national defense and readiness. Physically and psychologically resilient

military-connected youth are critical to military readiness — either through their impact on
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servicemember retention/performance or as candidates for recruitment. Accordingly, the present
study’s examination of PCS moves, parenting stress, family resilience, and
physical/psychological health in vulnerable military-connected youth has several important
clinical and systemic implications for youth within the military family readiness system.
Clinical Implications

The present study did not replicate previous findings that military-connected youth
experience adverse adjustment following PCS moves. Even amongst this vulnerable sample, the
data supports that military-connected youth are relatively resilient to relocation stress. In contrast
to previous studies, modifiable family factors (i.e., resilience/parenting distress) also do not
appear to influence the relationship between PCS moves and post-PCS adjustment (56). PCS
moves appear to have minimal bearing on common psychological conditions (i.e., anxiety,
depression), poor cardiometabolic health, and modifiable family factors in the present sample.
These results challenge the prevailing narrative by some clinicians and researchers that the
military lifestyle is damaging to the well-being of military families (208). In fact, a high-mobility
military lifestyle — when properly supported — may actually confer resilience even amongst
vulnerable youth samples. Accordingly, the results of this study suggest clinical attention and
resources are best directed towards other military lifestyle factors (i.e., deployment, family loss)
rather than relocation.

Despite relocation’s modest impact on youth psychosocial functioning, the evidence from
the present study suggest inclusion of PCS-related topics may be beneficial in fostering
resilience. Community-based programs often include voluntary targeted interventions for
servicemembers’ families. As an illustrative example, Families OverComing Under Stress

(FOCUS) delivers resilience training by enhancing family processes to common military
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stressors (332). Several studies have supported such interventions improve family well-being
across several indices of functioning (219; 220). Although the evidence for deleterious effects of
relocation for adolescent youth is modest, the present study suggests that resilience processes
from PCS moves may generalize across other military lifestyle stressors (i.e., deployment).
Therefore, a prevention program should consider including discussions of PCS-related material.
Overall, clinicians and researchers are encouraged to consider military lifestyle stressors, such as
PCS moves, from a strengths-based perspective wherein the military experience is an
opportunity for growth and development.

Systemic Implications

Clinical research and programmatic evaluations conducted by the DoD have provided
valuable insights as to the disruptions induced by frequent PCS moves. The findings of this
research has compelled the DoD to institute over 100 changes to the armed services relocation
policies since the 1980s (362). Despite these changes, the armed forces relocation policy is still
undergoing significant scrutiny. The present presidential administration has committed to several
initiatives designed to increase recruitment for military youth and attend to the health needs of
military families. Two of the proposed initiatives detail the importance of increasing time
between PCS moves and access to medical services for military families.

The findings of the present study provide valuable insights for current initiatives for
improving military family readiness. Even amongst a sample of vulnerable youth, there is little
indication that the frequency of PCS moves has adverse health implications. In fact, the frequent
PCS moves may actually foster youth resilience to future military lifestyle stressors through a
challenge model of resilience. Although current relocation policy may still influence

servicemembers’ retention/attrition, the present findings do not support that increasing time
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between PCS moves will have a significant clinical impact on youth well-being. This study also
suggests contextualizing PCS moves as a growth experience may foster resilience to more severe
military stressors such as parental separation, deployment, or death. Preventative strategies (i.e.,
FOCUS) would mitigate the need for time intensive and expensive outpatient services for
military-associated youth.

Future Directions

Future research should expand on the current study’s limitations by including
longitudinal designs, operationalize relocation to incorporate PCS recency, and replicate current
findings with larger community samples. These recommendations would provide valuable
avenues for clinical research while informing the DoD relocation policy. First, the incorporation
of a longitudinal design may clarify the downstream impact of PCS moves for military youth. As
discussed, research supports stress-induced allostatic overload during adolescence may only
become perceptible in adulthood (90). Future research should assess relocation characteristics
and physiological functioning across the developmental span to include: adolescence, adulthood,
and geriatrics. With such information, DoD policy makers could better determine the exact
implications of relocation policy to increase family readiness and secure potential recruits for
military service.

Future research should also incorporate relocation recency. Prior research suggests a
recent relocation may induce time-sensitive disruptions to adolescent well-being, and that such
disruptions can be conflated with lasting psychological sequelae (56). A more thorough review
of relocation history may provide insight as to the common first/second-order disruptions which

instigate or maintain adverse adjustment to PCS moves. Understanding the specific disruptions

117



concurrent with PCS moves would provide clinicians and policymakers insight as to points of
intervention.

This study also focused primarily on what was considered a “vulnerable” sample for the
eventual development of physical/psychological illness. However, larger community samples
provide an opportunity to replicate the current findings in a more generalizable sample. It is
important to determine if the present cohort’s risk profile mitigated the impact of frequent PCS
moves. It is plausible the relative impact is greater in a community sample due to the stress load
experienced in the present study’s sample. Such findings would inform the viability of general
prevention interventions versus more intensive treatment for military-associated youth.
Conclusion

In conclusion, the findings from this study added to the existing literature on PCS moves,
modifiable family risk/resilience factors, and the physical/psychological adjustment in the
military context. Understanding the impact of PCS moves on adolescent military dependents has
important implications for clinical care, policy, and military readiness. The study results refute a
number of common misconceptions regarding the deleterious effect of PCS moves for military-
associated youth. Future studies should elaborate on the present findings by longitudinal
research, incorporating relocation recency, and drawing from a larger community sample.
Considering the prevalence of PCS moves, clinical researchers developing targeted interventions
and DoD policymakers allocating resources must understand the possible benefits and drawbacks

to the highly mobile military lifestyle.
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Table 1. Allostatic Load Candidate Biomarkers with Cut-Offs and References

Type Biomarker Description Normative | Ref. |Sample (%) Meeting
Cut-Off Normative Cut-Off
High-density Lfipopmtein syntll;esilzed in the liverl. Tr:}nspodrts cholesteré)l
2 . rom tissues to the liver. Commonly referred to as “goos 0
METABOLIC hpoprmeln cholesterol’’, as its high protein/low cholesterol form is more| ST hehios (m) 5.8%
cholesterol casily removed by blood in the liver and excreted in bile.
Lipoprotein synthesized in the liver. Transports
Low-density cholesterol to tissues that synthesize cell membranes and
. 5 secretions. Commonly referred to as ““bad cholesterol”’, as
llpoprotem its low protein/high (}:,holesteml form is more likely to be 20857 Azl (m) 9.7%
cholesterol deposited in the walls of blood vessels and contribute to
atherosclerosis.
Glyceride formed from glycerol and three chains of fatty
Triglycerides acids. Functions as an important source of energyand as a | >95% Age/Sex ( 1 7 1 ) 5.6%
transporter of dietary fat. -
Hemoglobin used to index the average glucose
concentration over many days, weeks and even months.
Glycosylat_e d This proportion represents the amount of glucose that the >85% Sex (3 2 8) 22.5%
hemoglobin analyzed hemoglobin has been exposed to during its cell —
cycle.
g Measured using a sphygmomanometer. Represents the o
CARDIOVASCULAR SyStOhC blood maximal force exerted by blood against the blood vessel A E 95/;; it (3 1 7) 18.5%
pressure walls when the left ventricle is contracting during systole. | ©*8&/ >/ e18 -
g 2 Measured using a sphygmomanometer. Represents the o
Diastolic blood minimal force exerted by blood against the blood vessel /2 95/) iah (3 1 7) 11.1%
pressure walls when the left ventricle is relaxed during diastole. AgREiEE | =t
Measure of waist circumference using measuring tape
values that are than calculated into a ratio by dividing
2 waist by hip. Higher levels represent greater visceral o
ANTHROPOMETRIC . Waist adipose fat distribution obese individuals. Body shapes 2C0% L (1 27) 81.9%
Circumference that are commonly referred to as ““‘apple shapes’” (greater Age/Sex/Ethnicityl \==
waist size) are considered to be at greater risk of health
problems.
Measure of weight and height that is then calculated into an
Body mass index index by dividing weight by height. Represents a proxy | =95% Age/Sex (206) 75%
measure of an individual’s relative body fat percentage. -

*Other common biomarkers for Allostatic Load: Cortisol, Dehydroepiandrosterone, Epinephrine, Norepinephrine, Dopamine,
Aldosterone, Interleukin-6, Tumor necrosis factor-alpha, C-reactive protein, Insulin-like growth factor-1, Fibrinogen, Albumin,
Creatinine, Homocysteine, Peak expiratory flow, Heart rate/pulse; adapted from Juster, R.P., Mcewen, B.S., Lupien, S.J., 2010
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Table 2. Power Analyses for Aims

Hypothesis TZ}EG # of Sample Observed Power MI Achieved
yp Test IV/Covariates | Required (N) (%) Power (%)
la MLR 1/6 167 67% 79%
1b MLR 3/6 183 54% 74%
lc MLR 3/6 183 60% 74%
2a MLR 1/7 175 62-65% 77%
2b MLR 3/7 190 49-51% 72%
2c MLR 3/7 190 55-58% 72%

Note. MLR = Multiple Linear Regression
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Table 3. Baseline Participants Characteristics

Total Relocation No Relocation
(N=164) (n=127,77.4%) (n=37,22.5%) p
n (%) n (%) n (%)
Sex* .80
Male 68 (41.5%) 52 (40.9%) 16 (43.2%)
Female 96 (58.5%) 75 (59.1%) 21 (56.8%)
Parental Rank* 20
Officer/Warrant 96 (58.5%) 77 (60.6%) 19 (51.3%)
Enlisted 59 (36.0%) 42 (33.1%) 17 (46.0%)
Missing/Unknown 9 (5.5%) 8 (6.3%) 1 (2.7%)
Race* .59
White/Caucasian 95 (57.9%) 75 (59.1%) 20 (54.1%)
Black/African American 36 (22.0%) 25 (19.7%) 11 (29.7%)
Multiple Races 20 (12.2%) 17 (13.4%) 3 (8.1%)
Asian 5 (3.0%) 3 (2.4%) 2 (5.4%)
Unknown 4 (2.4%) 4 (3.2%) 0 (0.0%)
Ethnicity* 21
Hispanic or Latino 36 (22.0%) 31 (24.4%) 5 (13.5%)
Not Hispanic or Latino 118 (72.0%) 90 (70.9%) 28 (75.7%)
Unknown 10 (6.1%) 6 (4.7%) 4 (10.8%)
LOC Eating* .82
Presence 78 (47.6%) 61 (48.0%) 17 (45.9%)
Absence 86 (52.4%) 66 (52.0%) 20 (54.1%)
STAI-C** 46
<32 11 (6.7%) 10 (7.3%) 1 (2.7%)
>32 151 (92.1%) 115 (84.1%) 36 (97.3%)
Unknown/Missing 2 (1.2%) 2 (1.6%) 0 (0%)
Range 27-54 27-54 29-54
M (SD) M (SD) M (SD)
Cumulative PCS Moves 3.5(3.0) 4.5 (2.6) 0 (0)
Range 0-14 1-14 N/A
Age (years)** 14.5 (1.6) 14.4 (1.5) 14.8 (1.6) .09
BMI** 30.5(4.4) 30.1 (4.8) 29.5 (3.0) 37
BMI-z** 1.9 (0.4) 1.9 (0.4) 1.9 (0.3) 46

Note. *p-values computed via chi-squared tests (at least one relocation vs. no history of relocation): Sex (Male/Female); Race (White/Black/
Asian/Multiple Races/Unknown); Ethnicity (non-Hispanic/Hispanic); Loss-of-control (LOC) Eating (endorsed LOC eating at least on month
prior vs. No LOC eating at least one month prior) **p-values computed via Independent Samples T-Test (at least one relocation vs. no
history of relocation): STAI-C = State Trait Anxiety Inventory — Children; BMI = Body Mass Index; BMI-z = Body Mass Index adjusted for
age/sex.; PCS moves = Permanent Change of Station (PCS) moves.
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Table 4. Summary of Missing Values Analyses

. Multiple Imputation
Observed Data Mean-Imputation Data Data (Pooled)
Complete Incomplete Complete Incomplete Complete
n (%) n (%) n (%) n (%) N (%)
Missing Data
Variables 5(26.3%) 14 (73.7%) 6 (31.6%) 13 (68.4%) 19 (100%)
Cases 88 (53.7%) 76 (46.3%) 110 (67.1%) 54 (32.9%) 164 (100%)
Values 2,982 (95.7%) 134 (4.3%) 3,015 (96.8%) 101 (3:2%) 3,116 (100%)

M SD n (%) n (%) M SD n (%) n (%) M SE
ALI | 23 1.3 142 (86.6%) 22 (13.4%) 23 1.3 142 (13.4%) 22 (13.4%) 23 .10
FRAS* | 170.1 | 19.0 | 142 (86.6%) 22 (13.4%) 169.9 | 19.1 151 (92.1%) 13 (7.9%) 169.6 1.6
PSS* | 263 7.5 143 (87.2%) 21 (12.8%) 26.4 7.5 152 (92.7%) 12 (7.3%) 26.4 .66

BDI-IT* | 12.8 7.5 15 (90.9%) 15 (9.1%) 12.8 7.5 164 (100.0%) 0 (0.00%) 12.7 .61
PSI-SF* | 67.0 | 20.6 | 159 (97.0%) 5(3.0%) 67.0 | 20.6 159 (97.0%) 5(3.0%) 67.1 1.6
STAI-C | 389 59 | 162 (98.8%) 2 (1.2%) 38.9 5.9 162 (98.8%) 2 (1.2%) 389 46

Rank (Parental) - - 9 (94.5%) 9 (5.5%) - - 9 (94.5%) 9 (5.5%) - -

Race/Ethnicity - - 157 (95.7%) 7 (4.3%) - - 157 (95.7%) 7 (4.3%) - -

LOC Eating - - 164 (100%) 0 (0%) - - 164 (100%) 0 (0%) - -

Sex - - 164 (100%) 0 (0%) - - 164 (100%) 0 (0%) - -
Age | 145 1.6 164 (100%) 0 (0%) 14.5 1.6 164 (100%) 0 (0%) 14.5 12
PCS Total | 3.5 3.0 164 (100%) 0 (0%) 35 3.0 164 (100%) 0 (0%) 35 23
WC | 96.0 | 12.0 | 13(92.1%) 13 (7.9%) 96.0 | 12.0 13 (92.1%) 13 (7.9%) 96.2 97
HbA1C 5.3 0.3 9 (94.5%) 9 (5.5%) 5.3 0.3 9 (94.5%) 9 (5.5%) 5.3 .02
LDL | 103.6 | 31.4 | 157 (95.7%) 7 (4.3%) 103.6 | 31.4 157 (95.7%) 7 (4.3%) 103.8 25
DBP | 725 9.2 | 157 (95.7%) 7 (4.3%) 72.5 9.2 157 (95.7%) 7 (4.3%) 72.5 73
SBP | 1188 | 122 | 157 (95.7%) 7 (4.3%) 118.8 | 12.2 157 (95.7%) 7 (4.3%) 118.9 98
HDL | 50.6 12.3 | 159 (97.0%) 5(3.0%) 50.6 | 12.3 159 (97.0%) 5 (3.0%) 50.4 98
TRI | 92.1 | 47.7 | 159 (97.0%) 5(3.0%) 92.1 | 47.7 159 (97.0%) 5(3.0%) 92.6 39
BMI-z 1.9 .39 164 (100%) 0 (0.0%) 1.9 .39 164 (100%) 0 (0.0%) 1.9 .39

Valid n Listwise Pre-Imputation n = 88 Post-Imputation n = 110 Post-Imputation N = 164

Note. *Mean-Person Imputed Variables; Abbreviations: ALI = Allostatic Load Index, FRAS = Family resilience Assessment Scale, PSS = Perceived
Stress Scale, BDI-II = Beck Depression Inventory 11, PSI-SF = Parenting Stress Index - Short Form, STAI-C = State Trait Anxiety Inventory — Children,
WC = Waist Circumference, HbA1C = Hemoglobin A1C, LDL = Low-Density Lipoproteins, HDL = High-Density Lipoproteins, DBP = Diastolic Blood
Pressure, SBP = Systolic Blood Pressure, TRI = Triglycerides, BMI-z = Body Mass Index adjusted for age/sex, Rank (Parental) = Warrant Officer/Officer
vs. enlisted, Race/Ethnicity = Non-Hispanic White vs. Other, Loss-of-Control (LOC) Eating Presence = Endorsed LOC eating at least on month prior;
PCS moves = Permanent Change of Station moves; Bolded terms were used in the final imputation model.
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Table 5. Summary of Linear Regression Analyses between PCS and ALI

Observed/Baseline Data Multiple Imputation Data (Pooled)
MODEL # R? Adjusted R? F P R? Adjusted R? F p
(Valid Listwise)
MODEL 1
(n—131) .08 .03 1.47 .19 - - - -
MODEL 2
(n=114) .10 .02 1.31 24 - - - -
MODEL 3
(n—127) .10 .03 1.46 17 - - - -
b SE(b) 95% CI B )4 b SE(b) 95% CI )4
MODEL 1
PCS Total | -0.04 0.40 [-0.12,004] | -10 | 31 [ -0.02 0.04 [-0.09,0.05] 66
Age (Months) | -0.002 0.01 [-0.01,001] | -03 | .78 | -0.001 0.01 [-0.01,0.01] 86
Sex | 037 0.24 [-0.10,0.85] 14| a2 | o4 0.21 [-0.01,0.83] 06
Rank (Parental) | -0.26 0.25 [-0.76,0.23] -10 | 29 | 024 0.22 [-0.67,0.19] 28
White Non- | g 5, 0.23 [-0.76,0.15] -12 | a8 | 033 021 [-0.75,0.09] 12
Hispanic)
Loc Eat”ﬁfgfﬁ 0.39 0.23 [-0.07,0.84] 15 | .09 | 043 0.20 [0.03,0.82] 03*
STALC | 0.004 0.02 [-0.04,0.04] 02 | 83 | 0.003 0.02 [-0.03.,0.04] .88
MODEL 2
PCS Total | <0.00 0.0 [-0.090.09] | -001 | .99 | -0.01 0.04 [-0.08,0.07] 85
Age (Months) | -0.004 0.01 [-0.02,0.01] -06 | .57 | -0.003 0.01 [-0.01,0.01 62
Sex | 036 0.25 [-0.14,0.87] 14 | a6 | 043 0.21 [0.02,0.84] 04%
Rank (Parental) |  -0.40 0.27 [-0.94,0.14] -15 | a4 | 029 0.22 [-0.72,0.15] 19
White (Non- |, 5 0.25 [-0.69,0.29] 08 | 42 | 031 0.22 [-0.74,0.11] 15
Hispanic)
FOC Fating Past | 4 0.24 (007,000 | 16 | .09 | 038 021 [0.03078] | .07
STALC | 0.1 0.02 [-0.03,.06] 06 | 54 | oot 0.02 [-0.03,0.04] 74
FRAS | -0.01 0.01 [-0.02,.001] -17 | 08 | -001 0.01 [-0.02,0.002] | .12
Interaction
(PCS Total * | 0.01 0.12 [-0.23,0.25] o1 | 95 | 004 0.12 [-0.21,0.28] 78
FRAS)
MODEL 3
PCS Total | -0.05 0.04 [-0.13004] | -10 | 28 | -0.02 0.04 [-0.09,0.06] 68
Age (Months) | -0.003 0.01 [-0.02,0.01] -05 | .60 | -0.001 0.01 [-0.01,0.01] 84
Sex | 042 0.25 [-0.06,0.91] 16 | .09 | 041 0.21 [-0.004,0.83] | .051
Rank (Parental) | -0.29 0.26 [-0.79,0.22] 11 | 26 | 026 0.22 [-0.69,0.18] 24
White (Non- | 5, 0.24 [-0.79,0.14] 12 | a7 | 034 0.21 [-0.76,0.08] 11
Hispanic)
FOC Rating Past ) 36 0.24 0110831 | 14 | a3 | 040 0.20 [:0.002,0.80] | 051
STALC | 0.1 0.02 [-0.03,0.05] 05 | .58 | 0.003 0.02 [-0.03,0.04] 86
PSI-SF | 0.01 0.01 [-0.004002] | .12 | 20 | o001 0.01 [-0.01,0.02] 30
Interaction
(PCS Total * PSL- | 0.07 0.13 [-0.18,0.32] 05 | 60 | o011 0.11 [-0.10,0.32] 31
SF)

Note. DV = Allostatic Load Index (ALI); *Significant at ps < .05. Abbreviations: FRAS = Family Resilience Assessment Scale, PSI-SF =
Parenting Stress Index - Short Form, Rank (Parental) = Warrant Officer/Officer vs. enlisted, Race/Ethnicity = Non-Hispanic White vs. Other,

Loss-of-control (LOC) Eating Presence = Endorsed LOC eating at least on month prior; Sex = Male vs. Female, PCS moves = Permanent

Change of Station moves, STAI-C = State Trait Anxiety Inventory — Children.
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Table 6. Summary of Linear Regression Analyses between PCS and PSS

Observed/Baseline Data

Multiple Imputation Data (Pooled)

MODEL # R? Adjusted R? F P R? Adjusted R? F P
(Valid Listwise)
MODEL 1 .
(n=127) 26 21 5.01 <.001 - - - -
MODEL 2 .
(= 110) 27 19 3.17 <.001 - - - -
MODEL 3 .
(n= 123 25 18 3.73 <.001 - - - -
b SE(b) 95% CI B p b SE(b) 95% CI D
MODEL 1
PCS Total | -0.39 0.22 [-0.81,0.04] | -5 08 -0.40 0.20 [-0.80,0.004] | .053
Age (Months) | 0.05 0.03 [-0.020.11] | .11 18 0.05 0.03 [-0.01,0.12] 09
Sex | -1.07 132 [-3.69,1.55] | -.07 42 -0.40 1.17 [-2.70,1.89] 73
Rank (Parental) | 1.61 136 [-1.08431] | .10 24 2.11 1.48 [-0.90,5.12] 16
White (Non- | - o 123 [-435054] | -13 13 -1.67 1.10 [-3.83,0.49] 13
Hispanic)
Loc Ea“nl\gd;‘:fﬁ 0.21 122 [-2212.63] | .01 87 0.19 118 [-2.15,2.53] 87
BMIz | -2.59 170 [-5.96,0.77] | -.13 13 -2.01 1.62 [-5.24,1.22] 22
STALC | 051 0.11 [0.29073] | 38 | <.001* | 049 0.10 [0.30.0.68] | <.001*
MODEL 2
PCS Total | -0.53 0.27 [-1.07-001] | -21 | 048 | -0.42 0.21 [-0.83,-0.01] | .044*
Age (Months) | 0.04 0.04 [-0.04,0.11] | .09 33 0.05 0.03 [-0.01,0.11] 11
Sex | -1.12 1.4 [-3.98,1.73] | -.07 44 -0.42 1.15 [-2.68,1.84] 72
Rank (Parental) | 2.28 152 [-0.73,529] | .15 14 2.14 1.43 [-0.74,5.03] 14
White (Non- | - 5 ¢ 1.35 [532005] | -17 | 054 | -1.62 L1l [-3.80,0.55] 14
Hispanic)
Loc Ea“nl\%[:stsﬁ -0.56 135 [-3.232.11] | -.04 68 0.20 123 [-2.24,2.63] 87
BMIz | -2.02 1.83 [-5.651.62] | -.10 27 -1.99 170 [-5.40,1.42] 25
STALC | 049 0.12 0250731 | 37 | <.001* | 049 0.10 [0.30,0.69] | <.001%
FRAS | 0.00 0.04 [-0.07,0.07] | .001 99 0.001 0.04 [-0.07,0.08] 98
Interaction
(PCS Total * | 0.8 0.65 [-0.412.17] | .12 18 0.43 0.58 [-0.71,1.58] 45
FRAS)
MODEL 3
PCS Total | -0.37 0.22 [-0.81,0.06] | -.15 09 -0.40 0.20 [-0.80,0.003] | .052
Age (Months) | 0.05 0.04 [-0.02,0.12] | .12 17 0.06 0.03 [-0.01,0.12] 08
Sex | -1.00 135 [-3.67,1.68] | -.06 46 -0.33 115 [-2.59,1.93] 77
Rank (Parental) | 1.86 1.40 [-0.904.63] | .12 19 2.04 1.41 [-0.79.4.87] 15
Whll{t.e (Non- |y 6 127 [-4.17,086] | -.11 20 -1.66 1.10 [-3.83,0.50] 13
ispanic)
Loc Ea“nl\g/ki‘:fﬁ -0.06 127 [-2.57,2.46] | -.004 97 0.1 1.24 [-2.37,2.59] 93
BMIz | -3.12 178 [-6.64,040] | -.15 08 -2.10 1.67 [-5.44,1.23] 21
STALC | 049 0.11 [026071] | 37 | <oor* | 049 0.10 [0.30,0.69] | <.001%
PSLSF | 0.01 0.03 [-0.05,0.08] | .03 o) 0.02 0.04 [-0.07,0.10] 70
Interaction
(PCS Total * | -0.23 0.71 [-1.63,1.18] | -.03 75 -0.20 0.60 [-1.38,0.98] 74
PSI)

Note. DV = PSS (Perceived Stress Scale); *Significant at ps < .05; Abbreviations: FRAS = Family resilience Assessment Scale, PSI-SF =
Parenting Stress Index - Short Form, Rank (Parental) = Warrant Officer/Officer vs. enlisted, Race/Ethnicity = Non-Hispanic White vs. Other,
Loss-of-control (LOC) Eating Presence = Endorsed LOC eating at least on month prior; Sex = Male vs. Female, PCS moves = Permanent
Change of Station moves, STAI-C = State Trait Anxiety Inventory — Children, BMIz = Body Mass Index Z-scores.
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Table 7. Summary of Linear Regression Analyses between PCS and BDI-II

Observed/Baseline Data Multiple Imputation Data (Pooled)
MODEL # R? Adjusted R? F P R? Adjusted R? F P
(Valid Listwise)
MODEL 1 .
(n=132) 25 20 511 | <.001 - - - -
MODEL 2 .
(n=114) 30 23 434 | <.001 - - - .
MODEL 3 *
(1= 129) 25 18 389 | <.001 - - - -
b SE(b) 95% CI B » b SE(b) 95% CI »
MODEL 1
PCS Total | -0.04 0.20 [-0.43,0.36] -.02 86 0.15 0.19 [-0.53,0.23] 45
Age (Months) | -0.02 0.03 [-0.09,0.04] -.06 49 -0.03 0.03 [-0.09,0.03] 26
Sex | -2.89 127 [-5.41,-038] | -.19 03* 353 1.21 [-5.93,-1.14] .004*
Rank (Parental) | -0.53 1.29 [-3.09,2.02] -04 68 0.20 127 [-2.71,2.31] 88
WL e | g o 1.18 [-2.95,1.73] -.04 61 038 1.18 [-2.71,1.96] 75
Hispanic)
Loc Ea‘mﬁgﬁfﬁ 0.61 119 | [-1.74295] | .04 61 0.46 113 [-1.78,2.69] 69
BMIz | -0.09 1.59 [-3.24,3.05] -0l 95 0.59 1.50 [-2.37,3.56 69
STAI-C | 0.56 0.10 [0.36,0.76] 44 <.001* 0.57 0.01 [0.39,0.76] <.001*
MODEL 2
PCS Total | 0.03 0.24 [-0.45,0.51] 13 89 0.12 021 [-0.53,0.30] 57
Age (Months) | -0.02 0.04 [-0.09,0.05] -05 61 -0.03 0.03 [-0.10,0.03] 29
Sex | 227 1.35 [-4.95,0.40] -15 10 -3.49 1.24 [-5.96,-1.02] 01*
Rank (Parental) | -0.51 1.41 [-3.30,2.29] -.03 72 -0.28 1.29 [-2.84,2.28] 83
White Non- | =, 55 | 157 | [379127] | -.09 33 042 1.19 [-2.78,1.94] 72
Hispanic)
LOT Ea““ﬁ:ﬁfﬁ 0.13 127 [-2.39,2.64] 01 92 0.40 1.14 [-1.84,2.63] 73
BMIz | 033 1.68 [-3.01,3.67] .02 85 0.52 1.59 [-2.65,3.68] 75
STAI-C | 0.60 0.11 [0.38,0.81] 48 <.001* 0.57 0.10 [0.38,0.77] <.001*
FRAS | -0.01 0.03 [-0.07,0.06] -02 81 -0.01 0.03 [-0.08,0.06] 76
Interaction
(PCS Total * | -0.90 0.60 [-2.10,0.29] -13 14 037 0.51 [-1.37,0.64] AT
FRAS)
MODEL 3
PCS Total | -0.03 021 [-0.43,0.38] -0l 90 0.15 0.20 [-0.53,0.24] 45
Age (Months) | -0.03 0.03 [-0.10,0.04] -.08 38 -0.03 0.03 [-0.09,0.03] 27
Sex | -2.83 1.29 [-5.38,0.28] | -.19 .03* 3.52 1.22 [-5.94,-1.10] 01*
Rank (Parental) | -0.27 1.32 [-2.88,2.35] -02 84 0.22 128 [-2.75,2.32] 87
vt e g o 121 [-3.11,1.67] -.05 55 037 1.19 [-2.73,1.98] 75
Hispanic)
Loc Ea‘mﬁfr‘;‘fﬁ 0.69 122 | [1.733.10] | .05 57 0.44 115 [-1.82,2.69] 70
BMIz | -0.20 1.65 [-3.46,3.06] -01 90 0.57 1.53 [-2.45,3.60] 1
STALC | 0.5 0.10 [0.35,0.76] 44 <.001* 0.57 0.10 [0.39,0.76] <.001*
PSLSF | -0.002 | 0.03 [-0.06,0.06] | -.004 96 0.003 0.03 [-0.05,0.06] .90
Interaction
(PCS Total *psp | *5* 0.64 [-0.72,1.81] | .069 40 -0.05 0.56 [-1.14,1.05] 93

Note. DV = BDI-II (Beck Depression Inventory-1I); *Significant at ps <.05; FRAS = Family resilience Assessment Scale, PSI-SF = Parenting
Stress Index — Short Form, Rank (Parental) = Warrant Officer/Officer vs. enlisted, Race/Ethnicity = Non-Hispanic White vs. Other, Loss-of-
control (LOC) Eating Presence = Endorsed LOC eating at least on month prior; Sex = Male vs. Female, PCS moves = Permanent Change of
Station moves, STAI-C = State Trait Anxiety Inventory — Children, BMIz = Body Mass Index Z-scores.
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Table 8. Summary of Linear Regression Analyses between PCS and Adjusted ALI

Observed/Baseline Data

Multiple Imputation Data (Pooled)

MODEL # R? Adjusted R? F P R? Adjusted R F P
(Valid Listwise)
MODEL 1 .
(n=147) 01 05 2.13 045 - - . .
b SE(b) 95% CI B P b SE(b) 95% Cl p
MODEL 1
PCS Total | 0.06 0.05 [-0.04,0.16] | .10 23 0.06 0.05 [-0.03,0.16] 20
Age (Months) | 0.01 0.01 [-0.01,0.03] | .11 20 | oot 0.01 [-0.004,0.03] 15
Sex | 0.90 0.31 [0.30,1.51] 25 | .004* | 114 0.29 [0.57,1.72] <.001*
Rank (Parental) | -0.52 0.32 [-1.160.13] | -14 | .11 | -0.59 0.31 [-1.19,0.01] 05
Whll{t.e (Non-| .19 0.30 [-0.68,049] | -.03 74 | 001 0.28 [-0.65,0.46] 73
ispanic)
Loc Ea“nl\g/ki‘:fﬁ 0.50 0.30 [-0.08,1.09] | .14 09 0.47 0.28 [-0.07,1.01] 09
STALC | -0.01 0.03 [-0.06,0.04] | -.03 Z ) 0.02 [-0.04,0.05] 79

Note. DV = Adjusted ALI (Allostatic Load Index) *Significant at ps < .05; Abbreviations: FRAS = Family resilience Assessment Scale, PSI-
SF = Parenting Stress Index - Short Form, Rank (Parental) = Warrant Officer/Officer vs. enlisted, Race/Ethnicity = Non-Hispanic White vs.
Other, Loss-of-control (LOC) Eating Presence = Endorsed LOC eating at least on month prior; Sex = Male vs. Female, PCS moves =
Permanent Change of Station moves, STAI-C = State Trait Anxiety Inventory — Children, BMIz = Body Mass Index Z-scores.

126




Table 9: Summary of Logistic Regression Analyses between PCS and MetS

Observed/Baseline Data Multiple Imputation Data (Pooled)
B SE(B) 95% CI Exp(B) P B SE(b) 95% CI Exp(B) P
Model 1: MetS
PCS Total | 0.01 0.08 [0.89,1.24] 1.05 55 | ool 0.08 [0.86,1.18] 1.01 92
Age (Months) | -0.02 0.01 [0.97,1.02] 0.99 56 | -0.02 0.01 [0.96,1.01] 98 2
Sex | 0.79 0.49 [0.91,6.18] 2.37 08 | 079 046 [0.90,5.41] 221 .08
Rank (Parental) | 0.19 0.54 [0.32,2.59] 0.90 85 | 019 0.50 [0.45,3.23] 121 71
WhI‘{t.e (Non- 1 79 0.50 [0.24,1.72] 0.65 38 | -0.70 0.51 [0.18,1.36] 0.50 17
ispanic)
Loc Eat”ﬁfgfﬁ 0.50 0.49 [0.50,3.35] 1.29 60 | o050 0.46 [0.67,4.08] 1.65 28
STALC | 0.01 0.04 [0.90,1.07] 0.98 67 | 0.01 0.04 [0.93,1.09] 1.01 91

Note. DV = MetS (Metabolic Syndrome) *Significant at ps < .05; Abbreviations: FRAS = Family resilience Assessment Scale, PSI-SF =

Parenting Stress Index - Short Form, Rank (Parental) = Warrant Officer/Officer vs. enlisted, Race/Ethnicity = Non-Hispanic White vs. Other,

Loss-of-control (LOC) Eating Presence = Endorsed LOC eating at least on month prior; Sex = Male vs. Female, PCS moves = Permanent

Change of Station moves, STAI-C = State Trait Anxiety Inventory — Children, BMIz = Body Mass Index Z-scores.
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Table 10. Summary of Linear Regression Analyses between PCS and Cardiovascular Biomarkers

Observed/Baseline Data Multiple Imputation Data (Pooled)
b SE(b) 95% CI B ) b SE(b) 95% CI )
Systolic Blood
Pressure (SBP)
PCS Total | 0.07 0.36 [:0.65,0.78] 0.02 85 0.12 0.34 [:0.55,0.79] 73
Age (Months) | 0.20 0.06 [0.09,0.32] 031 <.001* 0.18 0.05 [0.08,0.29] <.001*
Sex | 4.39 2.14 [0.16,8.62] 0.17 .04% 529 2.03 [1.30,9.29] 01*
Rank (Parental) | 0.87 2.26 [-3.60,5.34] 0.03 70 1.68 2.09 [-2.42,5.78] 42
White (Non-Hispanic) | -1.88 2.06 [-5.952.19] | -0.08 36 -1.90 1.96 [-5.74,1.95] 33
Loc Ea‘mﬁgﬁ:ﬁ 421 | 206 [-5.282.87] | -0.05 56 -1.15 191 [-4.88,2.58] 55
STAI-C | -0.21 0.18 [-0.56,0.15] | -0.10 25 -0.080 0.17 [:0.42,0.26] 64
Diastolic Blood
Pressure (DBP)
PCS Total | -0.11 0.28 [0.67,045] | -0.04 70 -0.06 0.26 [-0.57,0.46] 82
Age (Months) | 0.03 0.05 [-0.06,0.12] 0.06 49 0.04 0.04 [-0.04,0.12] 32
Sex | 0.84 1.68 [-2.48,4.15] 0.04 62 1.79 1.56 [-1.27,4.86] 25
Rank (Parental) | 1.84 1.77 [-1.67,5.34] 0.10 30 1.99 1.63 [-1.21,5.19] 22
White (Non-Hispanic) | -2.93 1.61 [-6.12,026] | -0.16 07 -2.46 1.55 [-5.50,0.59] 11
Loc Ea“nl\g/ki‘:fﬁ -0.10 1.61 [-3.293.09] | -0.01 95 0.47 1.48 [-3.37,2.43] 75
STALC | 0.19 0.14 [-0.09,0.47] 0.12 18 0.18 0.13 [-0.07,0.44] 16

Note. *Significant at ps < .05; Abbreviations: Rank (Parental) = Warrant Officer/Officer vs. enlisted, Race/Ethnicity = Non-Hispanic White
vs. Other, Loss-of-control (LOC) Eating Presence = Endorsed LOC eating at least on month prior; Sex = Male vs. Female, PCS moves =
Permanent Change of Station moves, STAI-C = State Trait Anxiety Inventory — Children.
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Table 11. Summary of Linear Regression Analyses between PCS and Metabolic Biomarkers

Observed/Baseline Data Multiple Imputation Data (Pooled)
b SE(b) 95% CI B P b SE(b) 95% CI P
Hemoglobin Alc
(HbAlc)
PCS Total 0.01 0.01 [-0.01,0.03] .09 .30 0.01 0.01 [-0.01,0.02] .38
Age (Months) | -0.001 0.001 [-0.004,0.001] -.08 .35 -0.001 0.001 [-0.004,0.001] .35
Sex 0.02 0.05 [-0.09,0.12] .03 .76 0.02 0.05 [-0.09,0.13] 71
Rank (Parental) -0.11 0.06 [-0.22,-0.001] -.18 .048%* -0.12 0.05 [-0.22,-0.02] .02%
White (Non-Hispanic) -0.05 0.05 [-0.15,0.05] -.08 32 -0.06 0.05 [-0.15,0.04] .25
LOC Eating Past Month 0.10 0.05 [0.003,0.21] 17 .04* 0.09 0.05 [-0.01,0.18] .07
STAI-C -0.01 0.01 [-0.02,0.002] -.14 12 -0.01 0.004 [-0.01,0.003] .19
High-Density
Lipoproteins (HDL)
PCS Total -0.85 0.34 [-1.51,-0.18] -0.21 .01* -0.64 0.34 [-1.30,0.03] .06
Age (Months) -0.03 0.05 [-0.14,0.07] -0.05 .54 -0.04 0.06 [-0.15,0.08] .53
Sex | -6.62 2.02 [-10.63,-2.62] -0.27 .001* -7.24 2.04 [-11.26,-3.22] <.001*
Rank (Parental) 8.47 2.11 [4.30,12.63] 0.34 <.001* 7.55 2.31 [2.97,12.12] .001*
White (Non-Hispanic) -1.68 1.93 [-5.50,2.14] -0.07 .39 -1.90 1.96 [-5.74,1.95] .33
LOC Eating Past Month 1.77 1.93 [-2.05,5.60] 0.07 .36 1.17 1.94 [-2.63,4.98 .55
STAI-C -0.13 0.17 [-0.47,0.20] -0.06 43 -0.11 0.17 [-0.43,0.22] .53
Low-Density
Lipoproteins (LDL)
PCS Total 0.30 0.93 [-1.53,2.13] .03 74 -0.01 0.91 [-1.78,1.76] .99
Age (Months) 0.06 0.15 [-0.24,0.35] .04 .70 0.01 0.15 [-0.28,0.30] .95
Sex 9.49 5.59 [-1.56,20.54] 15 .09 7.61 5.52 [-3.26,18.47] 17
Rank (Parental) -3.98 5.83 [-15.50,7.55] -.06 .50 -5.49 5.65 [-16.56,5.58] .33
White (Non-Hispanic) -5.00 5.36 [-15.59,5.60] -.08 35 -4.52 5.15 [-14.61,5.57] .38
LOC Eating Past Month | -1.38 5.33 [-11.92,9.16] -.02 .80 -0.81 5.37 [-11.37,9.74] .88
STAI-C -0.47 0.46 [-1.39,0.44] -.09 31 -0.22 0.46 [-1.11,0.68] .64
Triglycerides (TRI)
PCS Total 1.02 1.35 [-1.64,3.68] .07 45 0.55 1.38 [-2.15,3.25] .69
Age (Months) 0.01 0.21 [-0.41,0.44] .01 .95 0.00 0.22 [-0.43,0.44] 999
Sex 18.48 8.06 [2.54,34.42] .20 .02% 20.37 7.96 [4.77,35.97] .01*
Rank (Parental) -6.07 8.39 [-22.67,10.53] -.07 47 -8.67 8.37 [-25.10,7.71] .30
White (Non-Hispanic) 3.34 7.70 [-11.88,18.57] .04 .67 3.33 8.21 [-12.88,19.53] .69
LOC Eating Past Month 6.14 7.70 [-9.09,21.37] .07 43 8.04 7.78 [-7.21,23.28] .30
STAI-C 0.18 0.67 [-1.14,1.51] .02 79 0.46 0.70 [-0.93,1.84] .52

Note. *Significant at ps < .05; Abbreviations: Rank (Parental) = Warrant Officer/Officer vs. enlisted, Race/Ethnicity = Non-Hispanic White
vs. Other, Loss-of-control (LOC) Eating Presence = Endorsed LOC eating at least on month prior; Sex = Male vs. Female, PCS moves =
Permanent Change of Station moves, STAI-C = State Trait Anxiety Inventory — Children.
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Table 12. Summary of Linear Regression Analyses between PCS and Anthropometric Variables

Observed/Baseline Data

Multiple Imputation Data (Pooled)

b SE(b) 95% CI B P b SE(b) 95% CI P
Body Mass Index Z-
Scores (BMlz)
PCS Total 0.01 0.01 [-0.01,0.03] .06 49 0.01 0.01 [-0.01,0.03] .33
Age (Months) 0.00 0.002 [-0.004,0.003] -.01 95 0.00 0.002 [-0.004,0.003] .89
Sex 0.17 0.07 [0.04,0.30] 22 .01* 0.19 0.06 [0.07,0.31] .002*
Rank (Parental) | -0.11 0.07 [-0.24,0.03] -.14 13 -0.11 0.07 [-0.25,0.02] .10
White (Non-Hispanic) | -0.09 0.06 [-0.22,0.03] -12 .14 -0.10 0.06 [-0.22,0.03] A2
LOC Eating Past Month 0.06 0.06 [-0.07,0.18] .08 .35 0.10 0.06 [-0.02,0.22] 11
STAI-C | 0.004 0.01 [-0.01,0.02] .06 .50 0.01 0.01 [-0.01,0.02] .29
Waist Circumference
WO
PCS Total 0.14 0.34 [-0.53,0.81] .04 .68 0.21 0.33 [-0.43,0.85] .52
Age (Months) 0.17 0.05 [0.07,0.28] .28 .002* 0.14 0.05 [0.04,0.24] .01*
Sex 6.40 2.02 [2.40,10.39] 27 .002* 6.30 1.89 [2.58,10.01] <.001*
Rank (Parental) | -3.16 2.10 [-7.32,1.00] -13 .14 -3.33 2.03 [-7.31,0.67] .10
White (Non-Hispanic) | -0.75 1.92 [-4.55,3.06] -.03 .70 -0.56 1.91 [-4.32,3.19] 77
LOC Eating Past Month 3.09 1.94 [-0.74,6.92] 13 11 3.96 1.86 [0.31,7.60] .03*
STAI-C 0.14 0.17 [-0.20,0.47] .07 42 0.21 0.16 [-0.11,0.53] .19
Note. *Significant at ps < .05; Abbreviations: Rank (Parental) = Warrant Officer/Officer vs. enlisted, Race/Ethnicity = Non-Hispanic White

vs. Other, Loss-of-control (LOC) Eating Presence = Endorsed LOC eating at least on month prior; Sex = Male vs. Female, PCS Total =
Permanent Change of Station move total, STAI-C = State Trait Anxiety Inventory — Children.
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Figure 1. Relocation Factors contributing to Military Relocation Stress

Military Relocation Stress

Chronic Stress

Relocation Characteristics

Relocation Frequency —

(DEMQ13)

Relocation Characteristics

Parental Stress, Mental Health, and Coping (PSI-SF)
Community & Familial Resources (FRAS)

Physical & Psychological Health
Cumulative Stress Load (ALI)
Anxiety (PSS)
Depression (BDI-II)

Sample’s Characteristics: Inherent Vulnerability & Risk History

Pediatric Sample with Overweight (BMI), LOC Eating, and/or High Anxiety




Figure 2. Two Stage Allostatic Model of Central and Peripheral Accommodation
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Figure 3. Model of Allostatic Adaptation
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Figure 4. Compensatory and Protective Models of Resilience

Worse Outcomes

Compensatory

Low Risk High risk
--------- Low Protective High Protective
Protective Model
Low Risk High risk

eeesee [ ow Protective High Protective

134



Figure 5. Proposed Relationships in the Military Relocation Stress Model for Aims 1 and 2
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