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ABSTRACT

Anxiety and loss of control eating in relation to adverse eating and weight-related factors, and

metabolic syndrome (MetS)-related measures

Meghan E. Byrne, BA, 2017

Thesis directed by Marian Tanofsky-Kraff, PhD, Department of Medical & Clinical Psychology

Loss of control (LOC) eating is associated with, and predictive of, eating disorder
psychopathology, gains in BMI, and adverse metabolic outcomes in youth. Some data suggest
anxiety may exacerbate these associations and play an important role in the impact of LOC on
these outcomes. As such, the interaction of anxiety and LOC eating as it relates to eating disorder
psychopathology, disinhibited eating behaviors, BMIz, fat mass, and MetS-related measures in
youth was examined. The Eating Disorder Examination was used to assess presence of LOC
eating/past month and global eating pathology. Youth completed questionnaires assessing trait
anxiety and disinhibited eating, including emotional eating and eating in the absence of hunger.
BMI and MetS-related measures (triglycerides, LDL-cholesterol, HDL-cholesterol, glucose,
insulin, insulin resistance) were measured after an overnight fast. Fat mass (kg) was assessed by
air displacement plethysmography or dual energy x-ray absorptiometry. The interaction of LOC
eating by anxiety was tested using MANCOV As adjusting for age, sex, and race. Height (cm)
and depression were included for the model of fat mass, and height, fat mass, and depression
were included in analyses of disinhibited eating and MetS-related measures. Three-hundred-

eighty-three non-treatment seeking youths (13.0£2.8y; 53% female; BMIz=.8+1.1; 23% with
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LOC eating) were studied. The interaction of anxiety and LOC was significant such that, only in
youth with LOC eating, anxiety was positively associated with fasting insulin (p=.02) and insulin
resistance (p=.01). The interaction of anxiety and LOC eating was not significantly related to
global eating pathology, eating in the absence of hunger, emotional eating, BMIz, fat mass, nor
any other MetS-related measures (ps=ns). Data from the current study suggest anxiety may be
associated with insulin and insulin resistance in non-treatment-seeking youth with LOC eating,
although longitudinal studies are required to confirm directionality of these findings. Additional
studies are needed to identify potential mechanisms linking these outcomes. These mechanisms,

in turn, may inform interventions for those at greatest risk for adverse health outcomes.
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CHAPTER 1: INTRODUCTION
OVERVIEW

Reported loss of control (LOC) eating, a hallmark feature of binge eating disorder, is
highly prevalent in children and adolescents (34; 88). LOC eating is associated with, and
predictive of, disordered eating psychopathology (90), gains in body mass index (kg/m?, BMI)
(95), and adverse metabolic outcomes in youth (91). Despite these apparently adverse outcomes,
however, LOC eating remits over time in roughly half of youth (90). Thus, it is necessary to
determine moderating factors that may help to better explain the relationship between LOC
eating and these adverse outcomes. Some data suggest that anxiety may exacerbate these
associations and play an important role in the impact of LOC on adverse correlates and
potentially outcomes (69; 92). This is not surprising, as anxiety and eating disorders are highly
comorbid (8; 29; 38; 55; 84), and anxiety symptoms are also commonly reported by youth with
overweight (7; 22; 59; 64). As such, it is possible the combination of LOC eating behaviors and
anxiety in youth may interact to exacerbate adverse outcomes. Therefore, the interaction of LOC
eating and anxiety as it relates to disordered eating psychopathology, disinhibited eating
behaviors, BMIz, fat mass, and metabolic syndrome (MetS)-related measures in youth warrants
examination.

At the outset of this thesis, a broad overview of the literature on eating disorders and
obesity will lay the foundation for the importance of research in this area. LOC eating will be
defined and the research focused on its’ relationship with eating disorder psychopathology,
disinhibited eating, obesity, and MetS-related measures will be delineated. Subsequently, a
review of the research on the relationship between anxiety, LOC eating, and obesity will follow.

Lastly, a theoretical approach, namely, affect theory, will be proposed to describe the



relationships among these variables. The review of the literature and the theoretical basis of
affect theory will lay the framework for the current study, which aims to integrate prior research
in the field and fill the gaps in the literature on adverse outcomes of LOC eating and anxiety in
youth. Understanding how the combination of LOC eating and anxiety affects related
psychological and physiological outcomes in youth may help to identify those at greatest risk for
persistent LOC eating and adverse health outcomes. Ultimately, gaining a better understanding

of these relationships can help to better inform interventions for youth with LOC eating.

EATING DISORDERS

Several categories of eating disorders are currently recognized by the DSM-5; anorexia
nervosa, bulimia nervosa, and binge eating disorder, with 12-month prevalence rates of 0.4%, 1-
1.5%, and 1-4%, respectively (2; 5; 38; 40). All of these disorders can involve binge eating,
however, only for bulimia nervosa and binge eating disorder is binge eating the hallmark
behavior. Binge eating is characterized by the consumption of a large amount of food and the
experience of LOC over eating (5). The experience of LOC over eating is a key feature of binge
eating disorder (5), and involves the inability to regulate what, how much, or for how long one is
eating, regardless of the amount of food eaten (96; 100). LOC eating includes both eating
episodes in which an objectively large amount of food is consumed and episodes during which
the amount of food consumed may be less clearly considered large. Thus, LOC eating is the
subjective experience of being unable to control what or how much one eats. Given most
research shows no difference between objectively and subjectively large binge episodes for
physical and psychological correlates (58; 71), researchers have argued that the experience of
LOC eating is the more salient feature of binge eating, rather than the amount of food reportedly

consumed (58; 71). Furthermore, given the challenges of assessing an objectively large amount



of food in children and adolescents with different nutritional needs throughout development (45;
72), LOC eating — regardless of episode size — is often considered in the pediatric literature (36;
51; 90).

LOC eating is common in childhood and adolescence. Prevalence of youth reporting
LOC eating, with frequency ranging from at least once in the past month to one episode in the
past year, is between 6-57 % (67; 72; 76; 77; 96). One survey study showed that 1.9% of girls
and 0.8% of boys reported LOC eating behaviors at least monthly. This survey also showed the
prevalence of LOC eating increased with stage of pubertal development and age for girls (20).
LOC eating is more common in adolescence compared to childhood (26). Although the peak age
of onset for binge eating disorder is between 16-20 years old (82), youth can report experiences
of LOC eating as early as middle childhood (46).

The experience of infrequent LOC eating is particularly common among youth with
overweight (34). Research suggests higher rates of LOC eating in overweight treatment-seeking
adolescents, with estimates between 20-35% (28). In adolescence, LOC eating is more common
in females than males (12; 48; 77), with rates typically occurring twice as frequently in
adolescent girls compared to boys (1; 18). Further, LOC eating is associated with, and predictive
of, disordered eating pathology (90), gains in BMI (kg/m?) (95), and adverse metabolic outcomes
in youth (91).

LOC EATING, EATING DISORDER PSYCHOPATHOLOGY, AND OTHER DISINHIBITED EATING
BEHAVIORS

One’s attitudes and behaviors surrounding food and eating are of critical importance to

improve understanding of the pattern of weight trajectories in youth. The relationship between

LOC eating, eating disorder psychopathology, and other disinhibited eating behaviors in youth is



well defined (19; 50; 83). Cross-sectionally, psychological correlates of LOC eating specific to
eating disorders include cognitions such as body image disturbance and behaviors such as dietary
restraint and emotional eating (3). Prospectively, children with persistent LOC eating experience
significantly greater increases in eating disordered attitudes and depression over time compared
to those without reported LOC eating (36; 90). Onset of LOC eating in childhood increases risk
for more severe psychopathology, such as anxiety (90), more severe binge eating, use of multiple
purging behaviors, and a full-threshold bulimia nervosa diagnosis later in life (11).

Disinhibited eating is an umbrella term for several behaviors that, similar to LOC eating,
involve a lack of healthy restraint over eating (72). Examples of disinhibited eating include
eating in the absence of hunger and emotional eating. Behaviorally, “eating in the absence of
hunger” is a measure frequently used to capture individual differences in youths’ caloric intake
in the absence of hunger, or after consuming a meal (10). Youth who report eating in the absence
of hunger frequently endorse LOC eating (87; 89), suggesting this may be a useful clinical
outcome requiring further investigation. Eating in the absence of hunger has been associated
with, but not predictive of, weight over time (74); thus, the behavior may play a role in risk for
various obesity-related health outcomes.

Another facet of disinhibited eating is emotional eating, or the tendency to use food to
regulate mood. Emotional eating has been shown to prospectively predict LOC eating at one-
year follow-up in a sample of 8-13 year old youth across the weight spectrum (3). Along these
lines, a systematic review showed that decreases in maladaptive emotion regulation strategies
were associated with decreases in eating pathology following psychological intervention, lending
support to the importance of emotion in disinhibited eating (75). This suggests difficulty

managing intense emotions, such as anxiety, may be a particular challenge for youth that could



potentially exacerbate LOC eating. Taken together, disinhibited eating behaviors such as eating
in the absence of hunger and emotional eating are important factors to consider in the

relationship between LOC eating and psychological and physiological variables.

LOC EATING AND OBESITY

A clear and consistent relationship has been identified between LOC and obesity. LOC
eating is robustly associated with high BMI and body fat mass (49; 95). This is highly relevant
given approximately one-third of youth in the United States ages 2-19 years old have overweight
or obesity, with rates of extreme obesity among youth around 6% (27; 53; 54). Pediatric
overweight is predictive of adult obesity (99), as well as serious medical risks such as elevated
blood pressure and dyslipidemia (21). LOC eating is highly prevalent among children and
adolescents with overweight and obesity, with a recent meta-analysis estimate of 31% across
studies (34). Over time, LOC eating has been associated with excessive weight gain (25; 77; 86;
94) and poses a higher medical risk and an increased likelihood of adult obesity (86). Given the
serious medical and psychological consequences associated with obesity (14; 101), excess
weight gain from LOC eating during childhood and adolescence is a major public health
concern.
LOC EATING AND METABOLIC SYNDROME-RELATED MEASURES

The relationship between LOC eating and excess body weight appears to extend to
obesity-related health comorbidities, above and beyond the contribution of adiposity. Obesity is
considered a primary contributor to MetS, defined as a cluster of adverse physiological health
abnormalities including abdominal obesity as well as abnormal cholesterol, blood sugar, and
triglyceride concentrations that increase one’s risk for heart disease and type 2 diabetes (101).

Cross-sectionally, youth reporting LOC eating episodes show greater dysfunction in components



of MetS such as higher systolic blood pressure and low-density lipoprotein cholesterol (LDL-C),
above and beyond the contribution of adiposity (60). Prospectively, and importantly over and
above initial body weight and gains over time, children with LOC eating are at a higher risk for
the development of MetS components (70), such as worsening triglycerides and increased
visceral adipose tissue (49; 85; 91). Thus, pediatric LOC eating not only puts youth at higher risk
for development of obesity, but increases risk for comorbid obesity-related health problems as
well. Relationships between LOC eating and markers of obesity-related health issues indicate
youth with LOC may be at particular risk for adverse physiological outcomes. However, not all
youth with LOC eating develop adverse health outcomes or become overweight. As a result,
examining moderating factors that may put youth at higher risk is critical.

Taken together, the literature outlined thus far bolsters the potentially adverse nature of
LOC eating. Research has supported the relationship between LOC eating and a number of
pernicious outcomes, including eating disorder psychopathology, disinhibited eating behaviors,
excess weight gain, and worsening MetS-related measures. However, despite these various
adverse outcomes, LOC eating remits over time in roughly half of youth who report the behavior
(90). As such, it is important to identify factors among youth for whom LOC eating does not
remit that may increase risk of adverse outcomes. Well-supported theories in the eating disorders
literature may help to explain factors that could contribute to persistent or worsening LOC eating
over time.
AFFECT THEORY OF LOC EATING

Negative affect has been consistently associated with LOC eating across the age spectrum
(30; 33). The relationship between LOC eating and negative affect is consistent with affect

theory, which is commonly supported in the eating disorders literature. Affect theory proposes



that LOC eating may develop as a result of maladaptive coping with negative emotions (23; 32;
39), serving as a maladaptive attempt to escape from psychosocial stress or to reduce negative
emotions (35; 63). In a feeding laboratory, pre-meal state negative affect was related to greater
consumption of carbohydrates, dessert, and snack-type foods in youth at high risk for obesity and
with reported LOC eating (62), which suggests negative affect may play a role in overeating and
subsequent excess weight gain. Using naturalistic designs, ecological momentary assessment
(EMA) studies have shown increases in negative affect serve as a momentary trigger to LOC
eating episodes (33), supporting the notion of this behavior as a maladaptive response used to
reduce negative affect in the moment (61). Research has supported affect theory both cross-
sectionally (31; 70) and prospectively as a risk factor for development of LOC eating in youth
(81).

Although there is significant support for affect theory throughout the literature, some
studies have not found a relationship between negative affect and LOC eating. For example, in
an EMA study examining state affect and LOC eating, negative affect did not significantly
predict momentary LOC eating episodes directly (61). Similarly, another study using an EMA
protocol did not find negative mood to trigger LOC eating episodes, although there was a link
between cognitions about body image and subsequent LOC episodes (37). These inconsistencies
in negative affect’s role as a specific precursor to LOC eating may be due to an over-reporting
bias in retrospective recall of mood for studies that did not utilize EMA methodology. However,
Shank and colleagues made an important distinction in the affect theory literature, finding that
pre-meal anxiety is the most salient negative mood state for palatable food intake among
adolescent girls with LOC eating (69). As a result, it is possible some studies showing

inconsistencies in affect theory may not have specifically looked at anxiety, which has been



shown to be more salient than other negative mood states (e.g. anger, confusion, depression,

fatigue) in terms of food intake among girls with LOC eating (69).

LOC EATING, OBESITY, AND ANXIETY

The comorbidity between anxiety and LOC eating is well-defined in the literature (8; 29;
38; 55; 84), and as such, is a logical factor to consider as a contributor to adverse health
outcomes. Moreover, adolescents with overweight at high risk for the development of eating
disorders display elevated levels of anxiety and negative affect (20). Not surprisingly, this
relationship extends to pediatric LOC eating. LOC and anxiety symptoms are closely related
both cross-sectionally (28; 49) and prospectively (47; 90) in youth. LOC eating is associated
with anxiety symptoms in both non-treatment seeking youth (32), and those pursuing weight
management (28; 32). Notably, links between anxiety and LOC eating have been found above
and beyond the contribution of excess body weight or fat. Moreover, the relationship between
LOC eating and higher anxiety in youth persists regardless of eating episode size (71), lending
further support to research finding LOC eating is the key feature of binge eating in youth, rather
than the amount of food consumed.

Anxiety symptoms may also play a role in elevated BMI as well. Some data suggest that
adolescent anxiety is associated with elevated BMI in both clinical (64) and community samples
of youth (7). While anxiety alone is not a predictor of excessive weight gain in youth, a recent
meta-analysis supports a significant positive relationship between weight status and anxiety in
youth (14). This relationship was stronger for females than males, such that girls experienced
higher levels of anxiety as weight status increased. Adolescent obesity has also been shown to
predict later onset of anxiety disorder diagnosis in girls (6). The high correlation between

internalizing behavioral problems, such as anxiety, and childhood obesity may be twofold in that



psychological distress may foster weight gain, and being overweight may contribute to social
problems such as social withdrawal and isolation (59). Additionally, clinically significant anxiety
among youth with overweight or obesity has been shown to be associated with greater body
dissatisfaction and lower scores on health-related quality of life (44). Despite these data, few
studies have directly explored the relationship between anxiety and adverse physiological
outcomes related to excessive weight gain in general populations (65; 66) or in youth (57).

The high overlap between LOC eating and anxiety in youth, particularly among those
with overweight, suggests a shared etiology. One potential reason for the overlap between eating
disorders and anxiety may be shared underlying vulnerability factors, such as negative evaluation
fears and stress surrounding social appearance (42; 43). Additionally, anxiety may play a key
role in the effects of interpersonal psychotherapy, a targeted intervention for girls with
overweight with LOC eating. In a randomized control trial of an intervention for prevention of
excess weight gain, girls with high anxiety showed the greatest improvements in weight and
adiposity three years after receiving interpersonal psychotherapy compared to standard of care
treatment (92). Targeting psychological characteristics, such as anxiety, may be an important
consideration in interventions designed for management of weight-related outcomes. Thus, these
data suggest that exploring the relevance of the overlap between anxiety and LOC eating in
relation to other psychological and physical comorbidities is warranted.

Together, these findings lend support to affect theory of disordered eating, suggesting
negative affect contributes to LOC eating. Affect theory provides a potential framework to shed
light on those with LOC eating at highest risk for overweight and adverse psychological and
health outcomes. Given the salience of anxiety in relation to LOC eating (69), it may be that

anxiety in particular exacerbates the severity of psychological and physiological components of



LOC eating, and thus results in increased risk for overweight, disinhibited eating, and adverse

health outcomes.

THE PRESENT STUDY

Given the robust link between LOC eating and anxiety in youth, as well as the links
between LOC eating and disordered and disinhibited eating and physiological markers of health,
an exploration of the role that anxiety plays in the relationship between LOC eating and adverse
health correlates is warranted. It is possible that the interaction of LOC eating and anxiety may
identify those at greatest risk for exacerbated psychological and physiological health outcomes.
Given the link between LOC eating and these outcome measures is well-established, the current
study specifically examines how anxiety relates to disordered eating pathology, disinhibited
eating, BMIz, fat mass, and MetS-related measures independently, and whether the interaction of
anxiety and LOC eating is related to these variables in youth. It is hypothesized that anxiety will
independently relate to the dependent variables, and that these relationships will be most robust

among youth who report LOC eating (see Figure 1).
Aims and Hypotheses

Aim 1: Examine whether trait anxiety relates to disordered eating attitudes, eating in the absence

of hunger, and emotional eating
Hypothesis I: Trait anxiety will be independently related to disordered eating attitudes,
eating in the absence of hunger, and emotional eating

Aim 2: Examine whether trait anxiety relates to BMIz, fat mass, and MetS-related measures
Hypothesis 2: Trait anxiety will be independently related to BMIz, fat mass, and MetS-

related measures
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Aim 3: Test whether anxiety moderates the relationship between LOC eating and disordered
eating attitudes, eating in the absence of hunger, emotional eating, BMIz, fat mass, and MetS-
related measures
Hypothesis 3: The relationship between trait anxiety and disordered eating attitudes,
eating in the absence of hunger, emotional eating, BMIz, fat mass, and MetS-related
measures will be most robust among youth with LOC eating, compared to youth without

LOC eating

CHAPTER 2: METHODS

PARTICIPANTS AND RECRUITMENT

The study made use of a convenience sample drawn from non-treatment seeking, healthy
youth in two studies conducted at the National Institutes of Health (NIH); the Children’s Growth
and Behavior Study (ClinicalTrials.gov ID: NCT02390765) and the Eating Behaviors in
Children Study (ClinicalTrials.gov ID: NCT00320177). Both studies examined eating behaviors
that promote pediatric overweight and obesity, and associated health comorbidities. Children
ages 8-17 years old in generally good health were recruited for both of these studies. Participants
were recruited through physicians’ offices, local newspaper advertisements, and mailings to
families in the greater Washington, DC metropolitan area.
PROCEDURES

Participants were interviewed to assess presence of LOC eating in the past month and
global eating pathology, and completed questionnaires to measure trait anxiety and disinhibited
eating behaviors. BMIz, triglycerides, low density lipoprotein cholesterol (LDL-C), high density
lipoprotein cholesterol (HDL-C), glucose, and insulin were collected from blood samples after an

overnight fast.
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INTERVIEW AND QUESTIONNAIRES
Eating Disorder Examination (EDE)

The Eating Disorder Examination (EDE) adult (24) or child version (ChEDE) (13) was
administered to categorize participants into those who endorsed LOC and to assess eating
disorder psychopathology. Participants who endorsed at least one LOC eating episode within the
past month were classified into the LOC eating group. Global eating disorder psychopathology
was generated as the average of four EDE subscale scores; Restraint, Eating Concern, Shape
Concern, and Weight Concern. The EDE has demonstrated excellent interrater reliability and
good convergent and discriminant validity in youth (16; 95).

Training is required for administration of the EDE and ChEDE. Graduate students in
clinical psychology and post-undergraduate research associates attended 15-20 hours of training
workshops on the EDE and ChEDE. Workshops involved in-depth review of each question on
the interview, listening to audiotape sample interviews, conducting practice interviews, and
watching the trainer conduct interviews. Additionally, the trainer observed and co-rated an
interview with each trainee. Training observation continued until at least 95% concordance
between the trainer and trainee rating occurred. All interviews were audio-recorded and reviewed
at weekly team meetings during data collection to ensure administration quality (95).

Anxiety
State-Trait Anxiety Inventory for Children (STAIC)

The State-Trait Anxiety Inventory for Children (STAIC) trait scale (79), a 20-item self-
report measure of trait anxiety, was completed by study participants. Trait anxiety is defined as a
personality trait capturing individual differences in the likelihood of experiencing anxiety across

different situations (78). An example item from the trait anxiety subscale is “I worry too much,”
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rated as “hardly ever,” “sometimes,” or “often.” Subscale scores range from 20 to 60. The
STAIC has demonstrated good reliability and construct validity (56). The clinical cutoff for the
STAIC is a score of 32. The scale is intended to capture continuous dimensions of trait anxiety,
and higher scores indicate higher trait anxiety.
Disinhibited Eating
Eating in the Absence of Hunger Questionnaire for Children (EAH-C)

The Eating in the Absence of Hunger Questionnaire for Children and Adolescents (EAH-
C) (89) is a 14-item self-report measure rated on a 5-point Likert scale ranging from 0 = “never”
to 4 = “always.” This measure was designed to assess the frequency of precipitants to eating
when one is not hungry or when sated in youth between the ages of 6-19 years old. The measure
consists of three subscales: Negative Affect, External Eating, and Fatigue/Boredom. The EAH-C

has shown good internal consistency, convergent validity, and temporal stability for all three

subscales (89). Cronbach’s alpha was 0.88 in the current study.

Emotional Eating Scale — Children (EES-C)

The Emotional Eating Scale for Children (EES-C) (93) is a 25-item self-report measure
designed to assess the urge to cope with negative affect by eating. The EES-C consists of three
subscales: Anger/Anxiety/Frustration, Depression, and Unsettled. The EES-C has shown good
internal consistency, discriminant and construct validity (93; 98). In the current study,
Cronbach’s alpha was 0.95.

Body Composition

Height was measured in triplicate by a stadiometer. Fasting weight was measured by

scale calibrated to the nearest 0.1 kg. BMI (kg/m?) was calculated for all participants using the

average across all three measurements and weight. Age and sex were included in calculations of
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BMIz scores according to the Centers of Disease Control and Prevention growth standards (41).
Fat mass (kg) was assessed by air displacement plethysmography (Bod Pod) or dual-energy x-
ray absorptiometry (DXA), depending on the larger study. Measurements of adiposity were
adjusted to ensure equivalence between the two assessment techniques by multiplying girls’
Bod Pod fat percentage by 1.03 (52).
Metabolic Function

Triglycerides, cholesterol (HDL-C, LDL-C), glucose, and insulin were measured from
fasting blood samples collected by trained nursing staff using a Hitachi 917 analyzer using
reagents from Roche Diagnostics (Indianapolis, IN) per NIH guidelines. A Cobas FARA
analyzer was utilized to directly measure HDL-C using reagents from Sigma chemical (St. Louis,
MO). LDL-C was calculated using the formula: Total Cholesterol — HDL — (triglycerides / 5).
Homeostatic model assessment of insulin resistance (HOMA-IR), a measure capturing insulin
resistance, was calculated by multiplying fasting insulin (mU/L) by fasting glucose (mg/dL) and
dividing by 405.
STATISTICAL ANALYSES

All statistical analyses were conducted using IBM SPSS Statistics 24. Data were screened
for outliers, skew, and kurtosis. To minimize outliers’ influence on characteristics of the
distributions, extreme outliers were recoded to fall within 1.5 times the interquartile range below
or above the 25% or 75 percentile (9). No more than 1% of the data comprising any variable was
considered an outlier. EDE global score, fat mass (kg), triglycerides, insulin, and HOMA-IR did
not achieve normality and were thus log transformed to meet the assumptions necessary for

analyses. Group differences between demographic and anthropomorphic measures, such as race,
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age, sex, and fat mass, were examined at baseline using chi square and analysis of variance
(ANOVA) as appropriate.

Analysis of covariance (ANCOVA) models were utilized to compare differences between
variables in BMIz and adiposity. Separate multiple analyses of covariance (MANCOV A) models
were used to compare differences between variables in all eating-related factors of disordered
and disinhibited eating, and MetS-related measures while protecting against familywise error rate
and taking into account the correlation amongst these groups of variables. The interaction of
LOC eating by anxiety for BMIz was tested using ANCOVA adjusting for depressive symptoms
and race, as the metric already adjusts for age and sex. The model for fat mass was tested
adjusting for depressive symptoms, age, sex, race, and height. Fat mass was included as a
covariate in MANCOV A models used to test the differences in analyses of eating disorder
pathology and disinhibited eating behaviors. Given the well-established links between insulin
resistance and depressive symptoms (73), depressive symptoms were included as a covariate in
MANCOVA models with MetS-related measures. Due to consistent data showing that both
anxiety and LOC eating are more commonly endorsed by girls versus boys (1; 5), follow-up
exploratory analyses were also conducted to test for sex differences in eating-related, weight-
related, and MetS-related measures. Analyses to test for sex differences were achieved by
splitting the file by sex and conducting ANCOVA or MANCOV A models as applicable,

adjusting for relevant covariates.
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CHAPTER 3: RESULTS
DESCRIPTIVE ANALYSES

Participants were 383 non-treatment-seeking youth (13.0+2.8 years old; 52.6% female;
52.3% Non-Hispanic White). The average BMIz was 0.8+1.1 and average fat mass (kg) was
18.5+15.4. Average trait anxiety in the sample was 30.3.

Twenty-three percent (n=86) of participants endorsed at least one LOC eating episode
within the past month. Youth who reported LOC were significantly more likely to be female
(p<.01), have higher BMIz (p<.01), and higher fat mass (p<.01) than youth without LOC eating.
See Table 1 for sample characteristics based on LOC eating status. As expected and previously
shown, youth with and without LOC eating differed on a number of eating-related (3; 87) and

physical measures (91; 95).

ANXIETY AND DISORDERED EATING, DISINHIBITED EATING, BODY COMPOSITION AND METS-
RELATED MEASURES

Adjusting for covariates, there was a significant positive main effect of anxiety with EDE
global score (p<.01). Anxiety was also significantly associated with all EAH-C subscales,
including Negative Affect (p<.01), External Eating (p=.01), and Fatigue/Boredom (p=.01), as
well as all EES-C scales, including Anger/Anxiety/Frustration (p<.01), Depression (p<.01), and
Unsettled (p=.01).

There were no significant main effects of anxiety with BMIz (p=.32), fat mass (kg)
(p=98), or any of the MetS-related measures, including triglycerides (p=.13) HDL-C (p=.96),

LDL-C (p=.60), glucose (p=.36), insulin (p=.21), or HOMA-IR (p=.19).
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INTERACTION BETWEEN LOC EATING AND ANXIETY, DISORDERED EATING, DISINHIBITED
EATING, BM1Z, AND METS-RELATED VARIABLES

The interaction of anxiety and LOC eating was not significantly related to EDE global
score (p=.53), eating in the absence of hunger subscales (ps>.13), or emotional eating subscales
(ps>.51) (See Figures 2-8).

The interaction of anxiety and LOC eating was not significantly related to BMIz (p=.77)
(See Figure 11) or fat mass (p=.93) (See Figure 12). In relation to MetS-related measures, the
interaction of anxiety and LOC was significant such that, only among youth with LOC eating,
higher anxiety was positively associated with higher fasting insulin (p=.02) (See Figure 9) and
HOMA-IR (p=.01) (See Figure 10). The interaction of anxiety and LOC eating was not
significantly related to any other component of MetS (triglycerides, LDL-C, HDL-C, glucose
ps=ns) (See Figures 13-16).
EXPLORATORY ANALYSES FOR WEIGHT-RELATED FACTORS BY SEX

Of the 188 female and 178 male participants, 30% (n=56) of girls endorsed LOC eating,
and 15% (n=27) of boys endorsed LOC eating. For eating-related factors (EDE global, EAH-C
subscales, EES subscales), the interaction of LOC eating and anxiety was not significant for any
eating-related measures among males (ps>.19) or females (ps>.12). In females, the interaction of
LOC eating and anxiety was significant for BMIz (p=.05), such that only among females with
LOC eating, higher anxiety was related to higher BMIz score, over and above the contribution of
LOC eating or anxiety independently. This interaction was not significant among males (p=.22).
The interaction of LOC eating and anxiety was not significant among males or females for fat
mass (kg) (ps>.42). For MetS-related measures, the interaction of LOC eating and anxiety was

not significant among females for any MetS-related measures (ps>.12). However, among males,
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the interaction of LOC eating and anxiety was significant for LDL-cholesterol (p=.05), such that
only among males with LOC eating, higher anxiety was associated with higher LDL-cholesterol
levels. The interaction for other MetS-related measures (triglycerides, HDL-cholesterol, glucose,

insulin, HOMA-IR) was not significant among males (ps>.006).

CHAPTER 4: DISCUSSION

SUMMARY

Using a validated interview, questionnaires, and objective methods to measure body
composition and metabolic function, anxiety was found to be significantly related to global EDE
pathology, all eating in the absence of hunger subscales, and all emotional eating subscales. The
interaction of anxiety and LOC was significant such that, only in youth with LOC eating, anxiety
was positively associated with fasting insulin and insulin resistance. The interaction of anxiety
and LOC eating was not significantly related to global eating pathology, eating in the absence of

hunger, emotional eating, BMIz, fat mass, nor any other MetS-related measures.

INTERPRETATION OF FINDINGS

Given the high comorbidity between anxiety and eating disorders (8; 29; 38; 55; 84), it is
not surprising that anxiety was significantly related to all measures of disordered and disinhibited
eating in this study, including global eating pathology, eating in the absence of hunger, and
emotional eating. These findings are also in line with affect theory of disordered eating (35; 39),
proposing that youth may turn to food as a maladaptive attempt to escape from or cope with
negative emotions such as anxiety, given eating is often believed to provide comfort or
distraction from negative emotions.

The findings that anxiety was not significantly related to adiposity was contrary to

hypotheses. Although a recent meta-analysis supported a significant positive relationship
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between weight status and anxiety in youth, the effect size was very small (r=.08), and the
relationship was stronger for females than males (14). Given the small effect size of the
relationship between anxiety and weight status in youth, it is possible that the mixed sample of
males and females with a wide range of ages and weight statuses may have been too broad to
capture the specific population that has a relationship between anxiety and weight status, and that
having a sample with a larger number of adolescent females with overweight would have yielded
significant findings. In fact, exploratory analyses showed a just significant interaction effect of
LOC eating and anxiety on BMIz, such that among females, but not males, with LOC eating,
higher anxiety was related to higher BMIz. It may be that anxiety is more relevant for weight-
related outcomes in girls with LOC eating compared to boys. In fact, the dual pathway model of
LOC eating posits that socio-cultural messages targeted at girls to promote pressure to be thin
contribute to negative emotions, which in turn triggers LOC eating as a maladaptive attempt to
escape from negative emotional distress (76; 80).

MetS-related variables were not significantly associated with anxiety in the current study,
contrary to hypotheses. It may be that anxiety only impacts MetS-related variables through
increased caloric intake of highly palatable foods, as shown among adolescent girls at a
laboratory test meal (68). Given the present study measured baseline metabolic function after an
overnight fast, instead of after youth consumed a laboratory test meal, the effect of anxiety on
changes in metabolic function via increased palatable food intake may not have been captured.
Interestingly, however, exploratory follow-up analyses showed a significant interaction of
anxiety and LOC eating on LDL-cholesterol only among boys, but not among girls. While this

finding just reached significance, was exploratory, and conducted after multiple tests, future
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research might consider examining sex differences in the impact of anxiety on metabolic
measures of health.

The interaction findings suggest anxiety may exacerbate LOC eating and its relation to
insulin and insulin resistance. Although anxiety alone did not independently influence fasting
insulin or insulin resistance in youth, it was associated with dysregulated metabolism when in
conjunction with LOC eating. It is possible that those children who report both LOC eating and
anxiety experience particularly high levels of distress that can cause chronic hypersecretion of
stress hormones such as cortisol (65; 97) that may result in greater insulin resistance (15; 17). A
possibility for the lack of significant findings for other components of MetS may be that full-
syndrome binge eating disorder would have greater impact on metabolic characteristics as
opposed to the subthreshold behaviors reported by children in the current study.

Given the connection between insulin and glucose in relation to excess weight and type 2
diabetes, it was surprising that the interaction of LOC eating and anxiety was not significantly
related to glucose. However, the sample in the present study consisted of youth in generally good
health, and exclusion criteria included any major medical illness. As such, youth with type 2
diabetes were excluded from the current study. It is possible, however, that youth with symptoms
of prediabetes were captured in the current sample, which may reflect the results of the
significant interaction on insulin and insulin resistance, but not glucose. Indeed, 4.7% of the
current sample met criteria for pre-diabetes (4). It may be that pancreatic secretion of excess
levels of insulin is effectively counteracting the increased glucose levels in the blood of the
current sample. At present, the pancreas may be effectively maintaining glucose levels within a
normal range by producing excess insulin. However, over time, the pancreas will fail to continue

to produce enough insulin to manage high blood glucose levels, and insulin resistance will
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develop, leading to excess glucose levels in the blood and development of type 2 diabetes.
Examining the fluctuations in insulin and glucose levels in youth with LOC eating and high
anxiety over time would be of interest, given the current study involved only a cross-sectional
analysis. Indeed, the relationship observed between anxiety and LOC eating may be an early

target for the development of diabetes.

STRENGTHS AND LIMITATIONS

Strengths of this study include a large, racially diverse sample of both males and females
across a wide weight range. Recruitment of both boys and girls from racially and ethnically
diverse backgrounds improves the generalizability of the current findings, as well as capturing a
wide age and BMIz range. Importantly, we collected objective measures of metabolic function
and body composition. The use of a clinical interview method to assess LOC eating is a strength
given that it allows for more accurate assessment for disordered eating (95). Additionally,
analyses controlled for adiposity and other potentially confounding variables, such as depression,
race, age, sex, and height.

Study limitations include use of cross-sectional data, limiting ability to draw causal
conclusions from the findings. Research has suggested the relationship between anxiety and
excess weight may be twofold in that psychological distress may foster weight gain and being
overweight may contribute to social problems (59), making the ability to draw causal links of
particular importance. Additionally, waist circumference, a component of MetS, was not
captured. The sample used in the present study was one of convenience and although the
inclusion and exclusion criteria, questionnaires, interviews, and body composition measures
were consistent, they were drawn from two separate NIH studies. Each study utilized a different

method to measure fat mass, either air displacement plethysmography (Bod Pod) or dual-energy
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x-ray absorptiometry (DXA). However, measures of fat mass were adjusted to ensure
equivalence between the two assessment techniques (52) . Finally, youth in the LOC eating
group had higher BMIz, fat mass, and consisted of more females than youth in the group without
LOC eating. Although we adjusted for BMIz, fat mass, and sex in analyses, sex and weight
matched groups of youth with and without LOC eating might have provided for a more robust

analysis.

FUTURE DIRECTIONS

Future research should continue to explore the interactive effects of LOC eating and
anxiety on eating and health-related outcomes. Longitudinal, prospective designs will clarify
directionality in the relationship between anxiety, LOC eating, weight gain, and adverse eating
and health-related outcomes. If prospective studies support the impact of anxiety on adverse
outcomes in youth with LOC eating, anxiety may be an important screening target to identify
risk for persistent LOC eating and associated chronic diseases. Additional studies are also needed
to identify potential mechanisms linking anxiety, LOC eating, and MetS-related measures such
as insulin and insulin resistance. This may involve examining MetS measures prior to and
following a meal designed to simulate an LOC eating episode. Identifying these mechanisms
may help to inform interventions for youth at greatest risk for adverse health outcomes such as
type 2 diabetes or MetS. For example, treatment of underlying anxiety symptoms in youth with
LOC eating at risk for adverse weight-related health outcomes may be a more effective treatment
target than addressing LOC eating alone or behavioral weight-loss techniques. Specifically, at
least one program that targeted negative affect through social functioning has been found to be
effective for weight-related outcomes only among youth with social adjustment problems or

anxiety (92). These findings lend support to social-anxiety models of LOC eating. Youth with
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manifestations of anxiety may be identified as a particular phenotype for those who are prone to
weight-related health issues. Findings from the current study provide important clinical
implications for youth with LOC eating, potentially identifying those with high anxiety as a

high-risk subgroup for particularly adverse health outcomes.

CONCLUSIONS

In conclusion, among youth with LOC eating, higher anxiety is associated with higher
concentrations of insulin and higher insulin resistance. Further, exploratory analyses showed that
only among females with LOC eating, higher anxiety was related to higher BMIz scores. While
anxiety alone does not appear to directly impact weight or metabolic function in youth, when in
conjunction with LOC eating, the interactive effects may be particularly deleterious. Indeed, if
supported by prospective studies, anxiety may be a factor that can help identify youth who may
be at risk for particularly adverse outcomes. Examination of the extent to which modifying
anxiety is an effective intervention to reduce adverse weight-related health outcomes and

potential development of chronic diseases, such as MetS or type 2 diabetes, is warranted.
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Table 1. Sample characteristics for LOC eating vs. No LOC groups

Total LOC+ No LOC p-value
(n=383) (n=286) (n=297)

Age (years) 130+2.8 128 +29 13.1+28 34
Sex (female) (%) 52.6 68.6 46.8 <01*
Race (Non-Hispanic White) (%) 523 54.7 52.2 .69
BMIz score 08=+1.1 12+1.1 07+1.1 <01*
Fat Mass (kg) 185+154 250180 172+143 <01*
EDE Global 05+£0.7 05+1.0 03+04 <01*
EAH-C negaff 1.8+12 1.8+.1 15+.1 <01*
EAH-C external 19+13 29+ .1 25+.1 01*
EAH-C fatigue 12+1.1 22+ .1 1.8+.1 <01*
EES AAF 0.6+0.7 09+£0.7 05+£0.7 <01*
EES Depression 10£09 1.3+£09 08+0.8 <01*
EES Unsettled 08+0.8 10+0.6 07+£0.8 06
Triglycerides (mg/dL) 69.1+330 747375 678+31.7 .11
LDL-C (mg/dL) 933+243 972+267 924+236 .13
HDL-C (mg/dL) 533+127 527+124 533+127 .71
Glucose (mg/dL) 882+ 6.7 874+7.1 883+6.5 25
Insulin (mIU/mL) 120+£95 134+£99 11.7+£95 .16
HOMA-IR 27+22 29+22 26+22 25

Note: * Significant at p < .05. Abbreviations: LOC, loss of control; BMI, body mass index; EDE

Global, Eating Disorder Examination global score; EAH-C negaff, Eating in the Absence of
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Hunger-Child Negative Affect scale; EAH-C external, Eating in the Absence of Hunger-Child
External Eating scale; EAH-C-fatigue, Eating in the Absence of Hunger-Child Fatigue/Boredom
scale; EES AAF, Emotional Eating Scale — Anger/Anxiety/Frustration subscale; EES
Depression, Emotional Eating Scale Depression subscale; EES Unsettled, Emotional Eating
Scale Unsettled subscale; LDL-C, low density lipoprotein cholesterol; HDL-C, high density

lipoprotein cholesterol; HOMA-IR, homeostatic model assessment insulin resistance
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Figure 1. Conceptual model of the role of anxiety in the relationship between loss of control

(LOC) eating, eating psychopathology, disinhibited eating, and adverse health outcomes.
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Figure 7. Non-significant interaction of anxiety
and LOC eating on EES depression
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Figure 8. Non-significant interaction of anxiety
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