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Abstract

Objective—Reports regarding the associations between childhood maltreatment (CM) and body
fat composition remain heterogeneous in humans although it is indicated in preclinical studies.
Moreover, the effects of CM subtypes on different types of body fat are unclear. Thus this study is
to determine the associations between CM and its subtypes with body fat and to explore the
potential pathways.

Methods—~Participants were assessed for a history of CM by the Childhood Trauma
Questionnaire, and were divided into the CM group (with CM exposures) and non-CM group
(without CM exposures). Body composition was measured by dual-energy X-ray absorptiometry.
Subjects provided salivary and blood samples.

Results—Compared with the non-CM group, CM subjects had greater visceral fat mass
(1136+160g vs. 836+1169, p<0.05) but not total body fat, android fat, body mass index or waist-
to-hip ratio. Moreover, CM subjects had a blunted cortisol awakening response and elevated
inflammatory factors. Correlation analysis indicated that CM subtypes had differential effects on
visceral adiposity and cortisol awakening response.

Conclusions—Our results suggest that CM exposure is linked with increased visceral fat
deposition, and the perturbation of the HPA axis activity and activation of the immune system
may be 2 potential pathways that explain this relationship.
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Introduction

Obesity is a prevalent global health problem. It affects 17% of children and adolescents, and
36% of adults in the United States (1,2). Current epidemiological studies have demonstrated
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that obesity-related health risk in humans is strongly correlated with an increased ratio of
visceral fat mass, indicating that health is associated with maladaptive body fat distribution
(3,4). Visceral obesity is defined as excess intra-abdominal adipose tissue accumulation and
is estimated as the difference between abdominal fat mass and subcutaneous fat mass (3,4).
Accumulating evidence has indicated that a high proportion of abdominal fat, visceral fat in
particular, is independently associated with impaired glucose homeostasis and insulin
resistance, indicative of the importance of visceral adiposity as a greater and more specific
risk for metabolic diseases (5,6).

Preclinical studies suggested that stressful psychosocial experience during the early period
of life is associated with metabolic changes that may have a programming effect on the
development of overweight and obesity in adults although the mechanisms are not
understood (7). There is association between obesity and childhood maltreatment (CM) in
humans, however, the data are heterogeneous and it remains unknown whether CM is linked
with visceral obesity (8). In addition, studies suggest that different CM subtypes may affect
physical health to varying degrees (9). Due to the increasing prevalence and severity of
obesity, and limited effective treatments for obesity (1,2,10), it is critical for advancing
current knowledge of obesity prevention by identifying potentially modifiable risk factors
such as CM and its subtypes to develop novel and specific prevention targets and
intervention opportunities.

Studies suggest that stress experienced during the early developmental phases can induce
persistent changes in the ability of the hypothalamic-pituitary-adrenal (HPA) axis to respond
to stress in adulthood, thus increasing the susceptibility to various stress-related disorders
(11-13). A normal HPA axis is characterized by pronounced circadian variations with
distinct morning peaks in circulating cortisol levels (14). In contrast, a chronically stressed
HPA axis is characterized by a decreased diurnal variability (11-13,15,16). Chronically
stressed individuals can show either a blunted cortisol response to a stressor or prolonged
elevation with little to no recovery to baseline (17). Cortisol increases appetite and shifts
food preferences to so-called “comfort foods”, i.e. foods high in fat and added sugars that
may reduce feelings of stress via dampening of the HPA axis activity (18,19). Repeated
stressors and associated cortisol release may lead to excessive consumption of “comfort
foods” and ultimately excessive weight gain. Therefore, following exposure to repeated
stressors, elevated body fat and changes in body fat distribution may be observed.

Evidence from animal models and humans indicates that early life adverse events program
monocytes and macrophages toward a pro-inflammatory state (20-22). Cross-sectional
studies have shown the elevated levels of cytokines, including interleukin (IL)-6, tumor
necrosis factor (TNF)-a and C-reactive protein, in individuals exposed to early life traumatic
events (20,21). Preclinical and human studies have indicated that activated immune system
may play a central role in the pathogenesis of abdominal obesity and specifically visceral
obesity (23). Inflammation-related factors were found to increase in individuals with obesity
and to reduce in individuals with weight loss (24,25). Since both early traumatic events and
obesity are associated with an inflammatory state, it is possible that the increased systemic
inflammation associated with early life adversity may actually be related with obesity,
particularly with increased visceral fat deposition.
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The objective of this study is to determine the associations between CM and its subtypes
with different types of body fat mass, including total body fat and visceral fat mass. A
secondary aim is to explore if the dysregulated HPA axis activity and activated
inflammation are the potential pathways for these links.

Eighty one participants were recruited via the Office of Psychiatric Clinical Research
(OPCR) at University of Alabama at Birmingham (UAB). The OPCR recruited study
subjects from the community, and psychiatric outpatient and inpatient services. Six
participants dropped out, thus 75 subjects completed the study (Table. 1). The participants
were between 19 and 55 years of age. Participants were excluded if they: (1) had been taking
corticosteroids, antibiotics or anti-inflammatory medication; (2) had current infectious
diseases or a history of autoimmune, endocrine, inflammatory, or neurological disorders; (3)
were pregnant or lactating; or (4) had a history of psychosis, bipolar disorder, and drug or
alcohol abuse or dependence within 1 year prior to enrollment. The project was approved by
UAB Institutional Review Board. All participants were provided written informed consent
prior to any research procedures. The participants were divided into two groups: subjects
with- (CM group, n=38) and without a history of CM (hon-CM group, n=37). The CM
group consisted of participants who reported having been exposed to at least one moderate
to severe subtype of CM using the Childhood Trauma Questionnaire (CTQ) manual (26-29).
Subjects in the CM groups were further divided into depressed (n=21) and non-depressed
samples (n=17). All subjects were evaluated using the Structured Clinical Interview for
DSM-IV (SCID), and were diagnosed with depression if they met the criteria for depression
(30).

Assessment of Childhood Maltreatment

All participants completed a modified version of a well-validated measure of child abuse
and neglect before age 18, the CTQ-Short Form (CTQ-SF) (26-29). The CTQ-SF has 5
subscales comprised of 5 questions each that assess CM in the areas of physical neglect
(PN), emotional neglect (EN), emotional abuse (EA), physical abuse (PA) or sexual abuse
(SA). Subjects rated statements about childhood experience on a five-point scale (1="never
true” to 5="very often true”). Total CTQ score in each participant was calculated by adding
the score for each subscale which ranged between 5 and 25.

The CTQ-SF has demonstrated high internal reliability and good convergent validity with
both a clinician-rated interview of childhood abuse and therapists’ ratings of abuse (26,28).
A cut-off score higher than 8 on the PN, SA and PA, and cut-off score higher than 10 and 15
for EA and EN, respectively, have provided good sensitivity and specificity for confirmed
abuse or neglect (26-29). These cut-off scores were applied in this study, which were
associated with moderate to severe levels of abuse and neglect (26-29).
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Determination of Body Composition

Body weight and height were measured to calculate body mass index (BMI) using the
Quetelet index (kg/m?2). Waist and hip circumferences were measured for the calculation of
waist-to-hip ratio.

Dual-energy X-ray absorptiometry (Lunar iDXA, GE-Healthcare Madison, WI) scan was
acquired with a total body scanner for each participant to determine body composition.
Participants were required to wear light clothes, remove all metal objects from their body,
and lie supine with arms at their sides while undergoing the iDXA scan. iDXA allows the
simultaneous measurement of bone mass, fat mass and lean body mass from the ratio of
attenuation of two energy beams passing through the body. Android fat is a standard output
from the iDXA software and includes the entire abdominal region, including visceral fat and
subcutaneous fat. CoreScan software was used to estimate the visceral fat mass based on
measurement of abdominal area and subcutaneous adipose tissue.

Saliva Samples Collection and Measurement of Cortisol Levels

All participants were given Salivette saliva collection devices (Sarstedt, NC), and received
verbal and written instructions on how to collect saliva samples at home. They were
instructed to collect saliva samples at awakening, 15-, 30-, and 60-mins post awakening.
Participants kept the samples in their home freezer before they brought samples to the
laboratory at UAB, where samples were stored at —20°C until analysis. On the day of the
assay, salivettes were centrifuged at 3000g at 4°C for 10 mins. All samples were assayed in
duplicate using a high sensitivity salivary cortisol enzyme-linked immunosorbent assay kit
(Salimetrics, PA). The inter-assay variability was 8.6%. The intra-assay variation was 6.2%
for low values, and 4.6% for samples with high values. The cortisol awakening response
(CAR) for each participant was determined by measuring the cortisol values at awakening
and 15-, 30-, or 60-mins post awakening. Incremental area under the curve (AUC) for
cortisol levels throughout the cortisol awakening response was calculated using the
trapezoidal rule. Cortisol AUC is typically used in this manner as an indicator of overall
cortisol response from the awakening to final sample (31).

Blood Samples Collection and Measurement

Ten milliliters of blood were drawn from each participant, centrifuged at 3000g for 10 mins,
immediately divided into aliquots, and frozen at —80°C until analysis. The analysis for
inflammatory factors, including interferon-y (IFNy), IL-1f, IL-6, IL-8, IL-10, IL-12 and
TNFa, was performed using a Meso Scale Discovery multiplex spot assay and analyzed
with MSD Discovery Workbench software (Gaithersburg, MD). Concentrations for
cytokines were expressed in pg/ml. Plasma concentrations of leptin and adiponectin
(expressed in ng/ml and pg/ml, respectively) were assayed in duplicate using commercially
available radioimmunoassay kits according to the procedures supplied by the manufacturer
(Millipore Corp, MA).
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Statistical analysis

Results

All data are presented as mean + standard error unless otherwise stated. p values <0.05 were
considered significant. All statistical analyses were performed using the Statistical Package
for the Social Sciences version 22 (SPSS Inc., IL). All variables were tested for normality of
distribution by means of Kolmogorov-Smirnoff tests. Nonparametric tests were applied for
data that were not from a normal distribution including IFNy, IL-8, IL-6, IL-10 and IL-12.
Otherwise, independent samples t-tests were carried out to detect the difference between
groups. Correlation analyses were used to estimate the levels of association between two
variables.

Sample characteristics and CTQ scales

A summary of 75 participants’ characteristics is presented in Table 1. As seen in Table. 1,
there were no significant differences in the variables including age, race and sex between
participants in the CM-group and non-CM group. However, the CTQ’s subscales and total
scores were significantly different between these two groups. Among the subscales of CTQ,
emotional neglect was the most common experience with self-reported by 33 (44%)
participants on the questionnaire.

Effects of CM on body composition

Mean BMI or waist-to-hip ratio did not differ between the CM group and non-CM group
(Figures. 1A and B) although there was a trend of a higher waist-to-hip ratio in the CM
group (p=0.10). Visceral fat mass was highly correlated with both total body fat mass and
android fat mass in the population studied (Figures. 1C and D). Three different types of
body fat mass were compared between the CM- and non-CM subjects. Total body fat mass
and android fat mass were similar between the two groups, whereas visceral fat mass was
significantly greater in the CM group than in the non-CM group (Figures. 1E-G). The
effects of depression on body composition were also examined in the CM group. As shown
in Figure 1H, the 3 different types of body fat mass were not significantly affected by the
diagnosis of depression although there was a trend for android fat mass and visceral fat mass
to be greater in CM subjects with depression (p=0.10 and 0.06, respectively).

Differential effects of CM subtypes on visceral fat mass

To determine if CM subtypes have differential effects on visceral adiposity, the associations
between the 5 subtypes of CM and visceral fat mass were analyzed. When each subtype was
studied individually, we found that the associations between different subtypes and visceral
fat mass varied. The correlation analysis revealed that physical abuse was significantly
associated with visceral fat mass (Table 2). Other 4 subtypes were also associated with
visceral fat mass but not statistically significant. After adjusting for age, sex and race, results
remained unchanged.
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Alterations of the HPA axis functioning in CM group

Baseline cortisol levels at awakening in the CM group were lower than those in the non-CM
group (Figure. 2A). Subjects in both the CM- and non-CM groups showed a cortisol
response to awakening, however, subjects in the CM group had an attenuated CAR,
indicating a blunted cortisol response after awakening (Figure. 2A). A typical CAR is
defined by at least a 2.5 nmol/l increase in cortisol during the first 30 mins after awakening
(32). About 80% of participants in the non-CM group showed a typical CAR. Instead, less
than 30% of participants met this criterion in the CM group. The mean cortisol increase at
15- and 30- mins after awakening in the CM group was greatly lower than that in the non-
CM group (Figure. 2A). The AUC, representing the overall levels of cortisol during the
CAR, was significantly lower in the CM group than in the non-CM group (Figure. 2B). The
cortisol levels and total CTQ scores in the CM group were negatively correlated (R=-0.49;
p<0.01) (Figure. 2C). In addition, correlational analyses were performed between the
cortisol AUC and CM subtypes. As shown in Table. 3, all CM subtypes were negatively
associated with the cortisol AUC, wherein the highest association was observed in sexual
abuse, followed by emotional abuse and physical abuse.

Activation of immune system in CM group

To determine if the immune system is activated in response to the CM and its roles in the
development of visceral obesity, the levels for cytokines were measured in subjects. The
levels for IFNy and IL-p in 2 subjects in CM group were 3 standard deviations away from
the mean, so their values were not included in data analysis. Pairwise comparison between
subjects in two groups revealed that: (1) In contrast to the non-CM group, the levels of
inflammatory factors, including I1L-1f, IL-12 and TNFa, were elevated in the CM group
(Figure. 3A); (2) No differences regarding IFNy, IL-6, IL-8 and IL-10 levels were observed
between the two groups (data not shown); (3) The two groups exhibited similar levels of
leptin and adiponectin (Figure. 3B).

Discussion

In this study, we investigated the roles of CM and its subtypes on the risk for obesity,
particularly visceral obesity, in individuals with early life adverse experience. The major
findings are that early life adverse experience is associated with greater visceral fat mass but
not total body fat or android fat mass, and statistical analysis reveals that CM subtypes
correlate with visceral adiposity differentially. Our data suggest that visceral adiposity is a
more specific marker for CM-related obesity. Our data also suggest that the association
between CM and visceral fat accumulation is perhaps through, in part, the suppression of the
HPA axis functioning and activation of immune system. To our knowledge, this is the first
study to document the link between early life adverse experience / its subtypes and visceral
adiposity in humans.

Obesity has been commonly assessed using BMI and waist-to-hip ratio. Although BMI is a
tool to report the prevalence of obesity, it relies on the assumption that adipose tissue is
evenly distributed over the body. Similarly, waist-to-hip ratio is another widely used index
for body fat distribution, but the variations in waist do not distinguish subcutaneous
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adiposity from visceral adiposity. Recent studies have indicated that the proportion of
abdominal adipose tissue is a key correlate and perhaps a main factor of obesity-related
health problems (3,4). Visceral obesity has now been established as being part of complex
phenotype, including adipose tissue storage dysfunction (33). In the current study, the
impacts of CM on several indicators for body fat distribution, including BMI, waist-to-hip
ratio, total body fat, android fat and visceral fat were investigated. Among these different
indicators, only visceral fat mass was found to be associated with CM. Although obesity is a
heterogeneous condition, our finding highlights the importance of visceral fat mass as a
relatively accurate indicator for body fat composition and a good marker for obesity-related
disorders.

Our mechanistic studies for the association between CM and visceral adiposity revealed the
attenuation of morning cortisol response in CM subjects compared with non-CM subjects,
consistent with previous reports (34). Heim research group reported that childhood trauma
influenced neuroendocrine and autonomic stress reactivity in adulthood although the
underlying mechanisms contributing to the reduced HPA axis activity in humans following
CM remained unclear (34). Previous studies in rodent models showed that maternal
separation induced a reduction in the expression of central glucocorticoid receptors at the
epigenetic level or decreased cortical and hippocampal glucocorticoid receptor messenger
RNA density (35,36). Childhood trauma, similar to maternal separation in rodents, may also
be associated with impaired glucocorticoid-mediated negative feedback inhibition of the
pituitary under repeated early life adverse events. Subsequently, stress reactivity becomes
suppressed or blunted due to repeated exposures. Thus attenuated morning cortisol response
might be a potential pathophysiological mechanism in the development of obesity, visceral
adiposity in particular, in individuals with repeated CM exposures. However, at this point, a
definite statement can not be made in terms of the causal relationship between attenuated
morning cortisol response and visceral adiposity. Future studies should therefore incorporate
longitudinal designs to disentangle this complex association and to reveal temporal
relationships between CM, suppressed morning cortisol response and visceral obesity.

There could be multiple functional consequences of attenuated morning cortisol response in
CM subjects. A previous study suggested that the cortisol awakening response might reflect
to some extent the adrenal cortex capacity. Reduced adrenal capacity and subsequent
reduced availability of cortisol might allow the increased activation of the immune system,
which is known to be regulated by cortisol. Indeed, elevated levels of IL-1f, IL-12 and
TNFa were observed in CM subjects in this study. Furthermore, increased inflammatory
markers have been previously reported in individuals with exposures of early child abuse
(37,38). Given that, it is possible that increased IL-1p, IL-12 and TNFa levels may be the
result of early life adversity in CM subjects. Chronic low-grade inflammation is indicated to
be present in obesity, and individuals with obesity display altered expression and/or
secretion patterns of cytokines including TNFa (23). Taken together, increased immune
system activation, in part explained by reduced availability of cortisol, might be one
potential pathway leading to increased visceral fat mass in CM subjects.

Our study has several strengths. Among several indicators of body fat distribution, only
visceral fat mass was linked to CM. Consistent with previous reports, visceral adiposity is a
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more specific indicator for obesity in adults, especially in individuals exposed to CM. The
second strength of this study is that we observed the differential impacts of CM subtypes on
visceral fat mass. The effect of physical abuse on visceral fat mass was the greatest in
comparison to the other 4 subtypes. Our findings suggest that more information on subtype
differences within group of maltreated individuals is needed because CM subtypes may
result in different biological consequences. Furthermore, a better understanding of CM
subtypes will provide guidance in developing a more specific interventional strategy. The
third strength of this study is that although depression is one of the psychiatric consequences
of CM, our data analysis showed that the association between CM and visceral adiposity
was independent of the presence of depression. In the other words, CM might be considered
as an independent risk factor for visceral adiposity.

Several limitations of our study should be noted. First, the sample size is relatively small,
however, all 75 participants were thoroughly investigated and the data set was complete.
Statistical analyses were kept simple so that we could attain useful and meaningful results
despite the small number of subjects. A second limitation is the reliance on retrospective
self-reports of CM using the CTQ, which could be affected by forgetting, non-disclosure and
reporting biases. However, a recent meta-analysis study using external corroboration of self-
reports suggested that use of validated psychometric instruments and focus on moderate to
severe early life trauma could increase the validity of self-reports for CM (39). Consistently,
a more strict scale for EN and EA was used in this study. Third, biological consequences in
adults induced by CM experience are likely to involve other health-related behaviors such as
smoking, physical inactivity and diet, however, these additional variables were not evaluated
in the present study. Future studies will include these and other variables for covariate
analysis. Lastly, saliva sampling conducted by the subjects at their homes may be prone to
measurement error due to a lack of compliance in collecting the sample at the specified time.
Less than 10% of study subjects were found to have compliance issues in the present study
and were instructed to repeat sample collection. A controlled laboratory environment might
be useful to conduct future studies to minimize the confounding factors that influence
cortisol levels. In summary, our study addresses one of developmental origins of
heterogeneity in risk for visceral adiposity by demonstrating that CM is associated with
greater visceral fat mass, and CM could be an independent predictor for visceral adiposity in
this particular population. Stressful psychosocial experience in childhood might thus be
conceptualized as potentially modifiable risk factor for visceral adiposity. Furthermore,
mechanistic studies reveal a blunted HPA axis activity and the activation of immune system
in the CM group although prospective studies are required to determine the causality and
precise mechanisms. Consideration of the impacts of early adverse experience on visceral
adiposity in the future will result in a more precise understanding of the onset of visceral
adiposity, and lead to the identification of specific interventional strategies to prevent and
treat visceral obesity and its-related disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Answer the Study Importance Questions
What is already known about this subject?

Preclinical studies suggest that stressful psychosocial experience during the
early period of life is associated with metabolic changes that may have a
programming effect on the development of overweight and obesity in adults,
however, evidence in humans remains heterogeneous although some studies
show that chronic psychosocial stress is associated with obesity in adulthood.

What does your study add?

Our findings demonstrate that childhood maltreatment is associated with
increased visceral adipose tissue but not other indicators for body fat
composition, and childhood maltreatment subtypes have differential effects on
visceral adiposity. The suppression of the HPA axis activity and activation of
inflammatory factors in subjects with a history of childhood maltreatment may
be two potential pathways for the association between childhood maltreatment
and visceral adiposity.
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Comparison of several indicators for body composition between the CM group (subjects
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with a history of CM) and the non-CM group (subjects without a history of CM), including
(A) Body mass index (B) Waist-to-hip ratio (E) Total body fat mass (F) Android fat mass
and (G) Visceral fat mass. C and D. Associations between visceral fat mass and total body
fat mass or android fat mass (correlation coefficients were 0.66 and 0.83, respectively. both
p <0.01). H. Effects of depression on 3 types of body fat in subjects with a history of CM.
Data are presented as mean + standard error. CM, childhood maltreatment; Dep, depression.
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A). Cortisol awakening response at 0, 15-, 30- and 60-mins after awakening in the CM
group (subjects with a history of CM) and the non-CM group (subjects without a history of
CM). B). Comparison of the area under the curve between the CM group and the non-CM
group. C). Scatter plot indicating the relationship between total CTQ score and cortisol area
under the curve in the CM group (correlation coefficient was —0.49, p<0.01). Data are
presented as mean + standard error. Compared with the non-CM group at the same time
point, #p<0.05; *p<0.01. CTQ, childhood trauma questionnaire; CM, childhood
maltreatment.
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Figure 3.

A). Comparison of levels for IL-1f, IL-12, and TNFa between subjects with- and without- a
history of childhood maltreatment. B). Comparison of levels for adiponectin (ug/ml) and
leptin (ng/ml) between subjects with- and without- a history of CM. Data are presented as
mean * standard error. Compared with the non-CM group, ¥p<0.05; *p<0.01. IL,
interleukin; TNF, tumor necrosis factor; CM, childhood maltreatment.
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Demographic data and CTQ scores

Table 1

Variables Non-CM (mean+SD) | CM (meanSD) | P value
N, Sample size 37 38
Age (years) 36.1+12.3 39.7+£10.9 0.521
Number of female subjects 28 26
Number of Caucasians 21 19
CTQ Physical neglect scale 5.1+0.9 8.8+3.3 0.000
CTQ Emotional neglect scale 6.9+2.5 14.247.0 0.000
CTQ Emotional abuse scale 6.3+1.8 12.6+4.9 0.000
CTQ Physical abuse scale 6.1+1.2 10.5+4.6 0.000
CTQ Sexual abuse scale 5.1+0.9 8.845.2 0.005
CTQ Total scale 29.3+3.9 54.7+16.0 0.000

Note: only African Americans and Caucasians were enrolled in this study.

CM: childhood maltreatment; SD: standard deviation; CTQ: childhood trauma questionnaire.
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Table 2

Correlations between CM subtypes and visceral fat mass

Subtypes | N r P value
PN 19 | 0.13 0.16
EN 15 | 0.15 0.12
EA 21 | 0.17 0.09
PA 24 | 0.22 0.04
SA 14 | 0.16 0.09

Page 18

Note: Among 75 participants, thirty-eight were exposed to childhood maltreatment. N represents sample size exposed to different subtypes of
childhood maltreatment.

CM: childhood maltreatment; r: correlation coefficient; PN: physical neglect; EN: emotional neglect; EA: emotional abuse; PA: physical abuse;
SA: sexual abuse.
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Table 3

Correlations between CM subtypes and cortisol AUC

Subtypes | N r P value
PN 19 | -0.33 0.10
EN 15 | -0.02 0.48
EA 21 | -0.49 0.03
PA 24 | -0.38 0.06
SA 14 | -051 0.04
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Note: Among 75 participants, thirty-eight were exposed to childhood maltreatment. N represents sample size exposed to different subtypes of
childhood maltreatment.

CM: childhood maltreatment; r: correlation coefficient; PN: physical neglect; EN: Emotional neglect; EA: emotional abuse; PA: physical abuse;
SA: sexual abuse.
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