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ABSTRACT

The construct of food addiction, used to describe addictive-like pathological
eating, has garnered considerable research attention, empirical evidence, and scholarly
debate in recent years. A major point of controversy is that current models and
measures of food addiction do not consider the role of dietary restraint. A small body of
cross-sectional research suggests that food addiction and dietary restraint may be more
closely related at some stages of development (e.g., adolescence) than others (e.g.,
adulthood). However, little is currently known about potential relations, directional
pathways, or clinical implications of these constructs. This dissertation thereby aims to
examine direct associations between food addiction and dietary restraint in adolescence
and adulthood. Next, this dissertation will assess longitudinal pathways between food
addiction and dietary restraint during adolescence, when the strength of the association
is likely to be the strongest. Finally, this dissertation seeks to examine the construct
validity of these constructs by comparing associations of maternal food addiction and
maternal dietary restraint with infant eating and weight-related outcomes. Improved
understanding of the nature of the relationship between food addiction and dietary
restraint that results from this dissertation has important implications for public health

and clinical treatment recommendations.



CHAPTER 1

Introduction and Specific Aims

Food addiction is an important emerging construct that describes “excessive
overeating of high-calorie food accompanied by loss of control and intense food
cravings” (Gearhardt et al., 2009; Maxwell et al., 2020). While there is currently no
official diagnosis of food addiction included in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5), the Yale Food Addiction Scale (YFAS) was developed to
operationalize compulsive food intake to reflect the DSM-5 criteria for substance use
disorders (see Appendix A; Gearhardt et al., 2011; 5th ed.; American Psychiatric
Association [APA], 2013). The YFAS has proven to be a valuable diagnostic instrument
for identifying a clinically significant population with food addiction that is associated
with higher impulsivity, reward dysfunction, emotion dysregulation and poorer quality
of life (Gearhardt et al., 2016; Kiyici et al., 2020). Since the development and validation
of the YFAS, food addiction has procured a considerable research focus and a growing
body of evidence supports the notion that certain foods (e.g., highly processed (HP)
foods) may, for some, have addictive properties similar to addictive substances (Schulte

et al., 2015).



Food addiction, as measured by the YFAS, is prevalent among individuals with
binge-type eating disorders (i.e., binge eating disorder (BED) and bulimia nervosa (BN))
and is associated with a more severe presentation of disordered eating (Meule &
Gearhardt, 2019; Oliveira et al., 2020). Food addiction and binge-type eating disorders
both involve diminished control over eating and continued consumption despite
negative consequences (Gearhardt et al., 2011). Despite this overlap, binge eating and
addictive eating are nonidentical pathologies. In binge eating, an objectively large
quantity of food must be consumed during a discrete period of time, accompanied by a
sense of loss-of-control (APA, 2013). This does not capture the excessive or compulsive
eating that occurs across the course of a day for many individuals who experience food
addiction (Schulte et al., 2016). Prior studies have estimated that only 41.5% of
individuals with BED in a primary care setting (Gearhardt et al., 2016) and 50-57% of
individuals with BED in a specialty care setting meet criteria for food addiction
(Gearhardt et al., 2012; Ivezaj et al., 2016). Additionally, over half of people who meet
criteria for food addiction do not meet criteria for an existing eating disorder (Gearhardt
et al., 2011). These statistics reflect both the substantial overlap and pivotal distinctions
between presentations of binge eating and food addiction. As such, food addiction and
binge-type eating disorders are best understood as related, but distinct, constructs.

Alongside empirical support for the concept of food addiction, remaining

questions regarding its mechanisms and clinical utility have stimulated scholarly



debate. A leading criticism of the food addiction construct is that existing models do not
adequately account for contributions of dietary restraint (Wiss & Avena, 2020). Dietary
restraint has often been defined as a self-imposed restriction of food intake in order to
lose weight or avoid weight gain (Herman & Polivy, 1975). However, empirical
evidence suggests that individuals who report high levels of dietary restraint do not
always appear to be actually reducing or restricting caloric intake (Lowe, 1993; Stice et
al., 2004). More recently, dietary restraint has been better understood to also encompass
cognitive efforts to reduce overall intake or avoid certain types of food regardless of
success (Lowe et al., 2006; Polivy et al., 2020).

Thus, it is important for measurement instruments to include items which
capture behavioral and cognitive aspects of dietary restraint. One of the most widely
used scales is the Dutch Eating Behavior Questionnaire restraint subscale (DEBQ-R),
which includes items that assess both actual (e.g., “Do you deliberately eat less in order
to not become heavier?”) and attempted (e.g., “Do you try to eat less at mealtimes than
you would like to eat?”) dietary restraint (see Appendix A; van Strien et al., 1986). In
this dissertation, use of the term dietary restraint will therefore refer to both elements of
restraint eating, as defined by the DEBQ, rather than caloric deprivation alone.
Empirical Literature on Dietary Restraint in Binge-type Eating Pathology

Eating disorder models have traditionally held that maladaptive (e.g., rigid or

excessive) dietary restraint is a critical antecedent to binge eating (Herman & Polivy,



1990; Telch & Agras, 1993). According to many eating disorder models, dietary restraint
creates a state of physiological and psychological deprivation which is difficult to
maintain and ultimately induces pathological overeating (Kirkley et al., 1988).
Introduced in 1975, the restraint theory of binge eating posits that dietary restraint relies
on a shift from physiological regulation of eating behaviors to cognitive control over
eating, which amplifies one's vulnerability to disinhibited eating when those cognitive
processes are disrupted (Ruderman, 1986). In 2003, Fairburn published a
transdiagnostic theory of eating disorders which similarly proposed that dieting
precipitates binge eating observed in BED and BN (Fairburn et al., 2003). These
perspectives presume dietary restraint to be a necessary precursor for loss of control
type eating pathology, such as that observed in binge-type eating pathology and food

addiction (Wiss & Avena, 2020; see Figure 1).

Figure 1.1. Dietary Restraint Model of Binge-type Eating Disorder Pathology
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Ref. ” Applicability of the dual pathway model in normal and overweight binge eaters” by Welsh &
King, 2016. Body Image. 18, 9. (https://onlinelibrary.wiley.com/doi/pdf/10.1002/eat.20897)

Since the introduction of early eating disorder models for restraint, numerous

research studies have confirmed correlations among dietary restraint and binge eating



(Allen et al., 2011; Goldschmidt et al., 2012; Grilo et al., 2001; Johnson & Wardle, 2005).
In one community study, individuals who reported dieting were two times more likely
to binge eat (Andrés & Saldafia, 2014) and a large twin study found that dietary
restraint reliably moderates other genetic and environmental influences on binge eating
(Racine et al., 2011). Longitudinal studies using retrospective self-report data suggest
that individuals with a history of dieting or weight loss attempts may be more likely to
develop binge eating problems than non-dieters (Goldschmidt et al., 2012; Grilo &
Masheb, 2000; Hilbert et al., 2014; Reas & Grilo, 2007; Spurrell et al., 1997). Thus, dietary
restraint appears, for some, to be a relevant factor in the development or progression of
binge eating pathology.

However, about half of individuals who develop BED do not report any history
of dieting (Grilo & Masheb, 2000) or report that binge eating precedes dietary restraint
(Brewerton et al., 2000; Tanofsky-Kraff et al., 2005). An alternative framework for
understanding dietary restraint is that dieting behaviors are more likely to be
implemented as a reactive strategy to an individual's vulnerability for weight gain or
obesity. This perspective considers that some individuals appear to be more sensitive to
the hedonic nature of rewarding foods or weight gain independent of their diet history
(Lowe et al., 2009). Prior evidence indicates that some individuals may be more likely to
implement dietary restraint behaviors as a reaction to overeating and binge episodes as

an effort to avoid subsequent weight gain (Lowe, 2015). Individual differences in



reward response to HP foods may be particularly relevant to a tendency to develop
dietary restraint in the modern obesogenic food environment characterized by
accessibility to highly rewarding HP food (see Appendix B; Lowe et al., 2013; Lowe,
2015).

Figure 1.2. Vulnerability to Binge-type Eating Pathology as a Risk Factor for Dietary

Restraint
- Weight gain
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Binge-type eating Dietary
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Ref. “Dieting: proxy or cause of future weight gain?” by Lowe, 2015. Obesity Reviews, 16(51), 19-24.
(https://doi.org/10.1111/OBR.12252); “Dieting and restrained eating as prospective predictors of
weight gain.” Lowe, et al., 2013. Frontiers in Psychology, 4, 577. (https://doi.org/10.3389/fpsyg.
2013.00577)

Experimental treatment studies represent another challenge for binge eating
models that position restraint as a causal factor. Several controlled intervention studies
have demonstrated that implementation of dietary restraint (e.g., behavioral weight loss
treatments where participants are instructed to restrict their dietary intake) resulted in
reduced binge eating and other disordered eating pathology for individuals with BED,
BN, and obesity (Goodrick et al., 1998; Grilo et al., 2011; Groesz & Stice, 2007; Presnell &
Stice, 2003; Reeves et al., 2001; Striegel-Moore et al., 2010). Studies that examine effects

of dietary restraint protocols for individuals with obesity also do not find increased



rates of binge eating behavior after a period of restraint (Wadden et al., 2004). In a least
some individuals and circumstances, dietary restraint does not appear to elicit or
worsen binge eating symptoms and may even have some beneficial effect on eating
pathology. Therefore, dietary restraint may be a causal antecedent to binge eating for

some, but a consequential reaction to binge eating in others.

Empirical Literature on Dietary Restraint and Food Addiction

In contrast with traditional eating disorder models, food addiction models do not
currently centralize dietary restraint as a causal etiological factor (Herman & Polivy,
1990; Schulte et al., 2016; Ziauddeen & Fletcher, 2012). Because food addiction and
binge eating share key features (e.g., loss of control eating and food cravings; Gearhardt
et al. 2011), it stands to reason that findings on dietary restraint and related eating
disorders (e.g., BED and BN) provide valuable theoretical insight regarding how dietary
restraint may influence similar eating pathology in food addiction. Based on the dietary
restraint literature in eating disorders, it is plausible that dietary restraint may also
contribute to food addiction pathology or occur as a reaction to negative consequences
of food addiction. However, restraint is not a central causal feature in known addiction
pathways (Schulte et al., 2016). Thus, it is also possible that dietary restraint is not
strongly associated with food addiction. Nonetheless, the empirical literature on food
addiction and dietary restraint is sparse, and potential relations or directional pathways

are poorly understood.



Dietary Restraint and Food Addiction in Adolescents
Adolescence is a potentially key period during which to investigate the

association between food addiction and dietary restraint. Adolescence is a high-risk
period for both the emergence of dieting behaviors and heightened vulnerability to
addictive behaviors (Crews et al., 2007; Stice, 1998). However, few existing studies, to
our knowledge, have explored food addiction and dietary restraint in adolescents. In
one study, food addiction symptoms assessed by the dimensional Yale Food Addiction
Scale for Children 2.0 (dYFAS-C 2.0), a version of the YFAS adapted to reflect age-
appropriate symptoms (e.g., problems at school instead of work) and reading level (see
Appendix A; Gearhardt et al., 2013), were positively correlated with dietary restraint
scores on the DEBQ-R (r = .32; Schiestl & Gearhardt, 2018). A second study showed that
YFAS scores were significantly correlated with the Three Factors Eating Questionnaire
dietary restraint subscale in Turkish adolescents (OR =1.01; Alim et al., 2021). Of note,
the effect size of these associations are small. Nonetheless, these studies suggest that
food addiction and dietary restraint may be related in adolescents but are limited by
cross-sectional research design.

According to restraint-based theories for eating pathology, these prior findings
could be interpreted as evidence that dietary restraint increases risk for addictive eating
behaviors. However, these results could also signify that adolescents with higher

propensity for addictive eating may be more likely to engage in dietary restraint as a



reaction to patterns of overconsumption and possible weight gain. If dietary restraint is
a stronger predictor of future food addiction, this may support restraint-based theories
for a causal role of dietary restraint. Alternatively, if food addiction is a stronger
predictor of future dietary restraint, this may support a model of food addiction in
which risk is primarily underlied by exposure to HP foods, and dietary restraint occurs
as a consequence, rather than a cause, of addictive eating (see Appendix 2). If neither
dietary restraint nor food addiction predicts longitudinal change in either construct, this
may indicate that dietary restraint is a less relevant construct in food addiction than
binge-type eating disorders.

Limitations of cross-sectional prior studies makes it difficult to speculate on the
nature of the relationship between food addiction and dietary restraint over time. Thus,

part of the first aim of this dissertation is to determine whether food and dietary

restraint are correlated in the present sample of adolescents. Moreover, longitudinal
research is needed to better understand temporal associations and possible
directionality between food addiction and dietary restraint that appear during

adolescence. Therefore, the second aim of this dissertation is to assess competing

theoretical pathways by evaluating the emergence of food addiction symptoms and
dietary restraint in a longitudinal study of adolescents. If empirical evidence indicates
that dietary restraint is a prominent risk factor for future food addiction, interventions

should aim to reduce dietary restraint to prevent food addiction in adolescents.



However, if longitudinal data indicates that food addiction predicts future increases in
dietary restraint, reducing food addiction may be effective in preventing dietary
restraint. It is also plausible that food addiction and dietary restraint each influence the
other over time in a cyclic fashion, although one may be more temporally primary.
Alternatively, if food addiction and dietary restraint are unrelated to one another over
time in adolescents, this would suggest that restraint may not be central factor in food
addiction at this developmental stage and would not be a key concept to consider in
clinical intervention efforts.
Exploring Food Addiction and Dietary Restraint in Adults

In contrast to adolescents, food addiction and dietary restraint appear to be
uncorrelated in adults in the United States. Validation of the YFAS 2.0 demonstrated
discriminate validity between food addiction and dietary restraint in a two large
community samples by detecting a non-significant association between the constructs
(Gearhardt et al., 2016). Later development of the modified YFAS (mYFAS), which
utilizes a briefer scale, replicated these findings (Schulte & Gearhardt, 2017). Food
addiction and dietary restraint have also been uncorrelated in clinical samples of
individuals with BED and/or obesity (Carter et al., 2019; Gearhardt et al., 2012, 2013).
One international study found a small association between YFAS 2.0 food addiction
scores and DEBQ-R restraint scores (n?=.035, p <.001) among young adults (aged 18-30)

in Russia (Borisenkov et al., 2020). Another study in Turkey showed a small association
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between scores on the YFAS scale and the Eating Disorder Examination Questionnaire
Restraint subscale (z =-2.28, d = 0.18, p <.01) among adults (aged 20-54). Other
international studies have failed to find a similar link (Imperatori et al., 2019; Legendre
& Bégin, 2020). Therefore, in addition to adolescents, the first aim of this dissertation
will also examine whether food and dietary restraint are correlated in the present
sample of adults.

Though prior findings indicate that food addiction and dietary restraint are
likely more distinct constructs in adults, the reasons underlying differential associations
between food addiction and dietary restraint in adolescence and adulthood are
uncertain. In adults, food addiction is associated with a history of weight cycling
(Gearhardt et al., 2014; Gearhardt et al., 2016), which suggests that repeated dieting
failures may reduce the motivation to continue restraining food intake over time
(Schiestl & Gearhardt, 2018). By adulthood, individuals may no longer perceive dietary
restraint as a viable or effective option to combat undesirable patterns of eating or
weight gain. This is supported by evidence that drive for thinness and weight-related
dietary restraint strategies are reduced in women between adolescence to adulthood,
which may reflect an overall reduction in cognitive and behavioral dietary restraint
despite weight gain (Keel et al., 2007; Neumark-Sztainer et al., 2018). Thus, dietary

restraint may be more closely associated with food addiction during adolescence, when

11



younger individuals have experienced fewer failed attempts to restrain intake and are
still motivated to engage in dietary restraint behaviors.

Another potential way of further understanding the food addiction and dietary
restraint constructs in adults is to investigate whether they are associated with similar
or distinct correlates and outcomes. If food addiction and dietary restraint exhibit
similar associations with theoretically relevant correlates and outcomes (e.g., eating and
weight-related characteristics), this would support the notion that food addiction and
dietary restraint may be closely related constructs. However, if food addiction and
dietary restraint exhibit dissimilar correlates and outcomes, this would instead indicate
that food addiction and dietary restraint are more divergent constructs with distinct
etiological pathways and clinical implications.

Maternal-Child Predictors for Eating and Weight-related Outcomes. Directly
comparing how maternal food addiction and maternal dietary restraint are associated
with similar or distinct outcomes in children may be a clinically relevant domain in
which to investigate these constructs. Maternal food addiction and maternal dietary
restraint have both been associated with adverse child outcomes. Parental food
addiction is linked to child addictive eating, higher child BMI z-scores, and child risk
for obesity in children 5-12 years of age (Burrows et al., 2017). Moreover, when
compared to parental BMI, parental addictive eating proves to be a better predictor of

these eating behavior and weight outcomes (Burrows et al., 2017). However, no prior

12



study has examined how maternal addictive eating predicts eating behavior and weight
during the infant stage.

Prior studies also indicate that maternal dietary restraint influences child eating
behaviors and weight outcomes in older children (i.e., ages 5-9), although some findings
are mixed. In one study, maternal dietary restraint was associated with greater BMI z-
score change for children between 1.5 and 2.5 years (Rodgers et al., 2013). Another
study found a link between maternal dietary restraint and reduced capacity to regulate
caloric intake in a free-access experimental setting at age 5 (Birch & Fisher, 2000).
Maternal dietary restraint has also been shown to predict child dietary restraint and
weight preoccupation in children aged 8-15 (Riither & Richman, 2013; Snoek et al.,
2013), though other studies have reported null findings in similar age groups (Hill &
Franklin, 1998; Ogden & Steward, 2000; Sanftner et al., 2007). Some researchers have
proposed that links between maternal dietary restraint and negative child outcomes are
the result of increased maternal monitoring or restriction of the child's diet, which is
thought to foster self-restrictive attitudes or behaviors towards food in the child (e.g.,
Birch & Fisher, 2000; Tiggemann & Lowes, 2002). These findings highlight the
theoretical overlap of maternal food addiction and maternal dietary restraint on child
eating and weight-related outcomes. However, no prior study has assessed associations
with either maternal food addiction or maternal dietary restraint during the infant

stage.
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In addition to maternal eating behavior, maternal weight status has been
identified as an important predictor of child eating and weight outcomes. Maternal BMI
has been found to reliably predict child BMI from birth through adolescence (Heude et
al., 2005) and odds of child obesity at ages 1-14 increase by 264% when maternal pre-
pregnancy BMl is in the obese range (Heslehurst et al., 2019). Furthermore, pre-
pregnancy BMI is associated with important prenatal and fetal outcomes including fetal
growth and neonatal anthropometrics (e.g., birth weight; Santos et al., 2009).
Longitudinal data also suggest that maternal overweight or obese weight status
increases risk of disordered eating behavior (i.e., binge eating, preoccupation with body
weight and shape, and food restriction) in children across the first 13 years of life
(Micali et al., 2018). However, no study, to our knowledge, has directly investigated
associations between maternal pre-pregnancy BMI and infant eating behaviors (e.g.,
enjoyment of food, food responsiveness, or general appetite) before 12 months of age. In
light of the known associations between maternal BMI and child BMI during gestation
and later childhood, it will be important to also consider any effects of maternal pre-
pregnancy BMI on early infant eating behaviors and risk for overweight.

Limited prior research in infants may be due, in part, to unique challenges of
measuring infant feeding and weight characteristics. Infants cannot report on their own
behavior, many behavioral assays have not been validated for this developmental stage

and taking anthropometric measures in infants requires special training. However,
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infant eating behaviors can be phenotyped through both maternal report and objective
measurements of behavior. The Baby Eating Behavior Questionnaire (BEBQ) provides a
parent-report psychometric measure of infant appetite in the context of exclusive milk-
teeding (i.e., breast milk or formula) including the infant's enjoyment of food, satiety
responsiveness, general appetite, and food responsiveness (Llewellyn et al., 2011). To
provide a quantitative assessment of eating behavior, hedonic reward response to sweet
flavors (i.e. sucrose) can be captured in infants using a validated index of behavioral
measures including tongue protrusions, lip smacking, and bringing fingers to the
mouth (Rios et al., 2020). If appropriately measured, infant's risk for overweight can be
calculated using weight-for-length z-scores (WFL-z) and percentiles (=85th percentile)
defined by the World Health Organization (WHO, 2014). Thus, the combined use of
subjective report and objective behavioral methodologies provides a comprehensive
assay of infant eating behavior and weight outcomes at this early stage of life.

Infancy is a critical period of development marked by rapid growth and the
establishment of certain feeding (e.g., appetitive traits) and weight-related
characteristics (e.g., risk for overweight or obesity; Birch et al., 2007). Moreover, infancy
is a period of time where many dietary factors are held constant. Early infancy (prior to
6 months of age) is associated with the consumption of a more homogenous diet (i.e.,
breast milk and formula; Clayton et al., 2013) and infants have not yet been introduced

or weaned to solids (Khakoo & Lack, 2004). This may limit variation in dietary intake,
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as well as variation in maternal feeding styles. Infants also have a reduced cognitive
capacity to internalize thin ideals or restrictive eating attitudes which often accompany
maternal dietary restraint and may influence eating behavior even by early childhood
(Goldschmidt et al., 2008). Thus, infancy represents an ideal yet understudied
developmental stage to investigate the transmission of maternal risk factors on child
feeding and weight-related outcomes.

Thus, the third aim of this dissertation is to test the impact of maternal food

addiction and maternal dietary restraint on subjective and objectively measured early
infant eating behavior and risk for overweight (i.e., maternal report of infant feeding
style, hedonic response to sucrose, and high risk WFL-z for overweight) in infants at
four months of age. This study will simultaneously examine effects of maternal food
addiction and dietary restraint to determine how maternal risk profiles may be
associated with distinct (or similar) early infant feeding and weight characteristics
allowing for more specificity in clinical interventions and future research targets. If
maternal food addiction and maternal dietary restraint are predictive of similar infant
feeding and weight-related characteristics, this would highlight similarities between the
constructs and clinical interventions should offer similar recommendations for mothers
with both eating presentations. However, distinct associations with infant feeding and

weight-related outcomes would support the conceptualization of these as distinct
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constructs and highlight the need to tailor early interventions for infants based on
maternal eating style (i.e., food addiction or dietary restraint).
Summary of Specific Aims

Lack of explicit research on food addiction and dietary restraint represents a
critical gap in the existing literature on this topic. Presently, very little is known about
the association between food addiction and dietary restraint including potential
directionality, clinical outcomes, and changes in association across the lifespan. This
dissertation will consist of two studies to advance our empirical understanding of food
addiction and dietary restraint across key developmental periods. These studies will
utilize data that has been previously collected through larger studies conducted by our
lab and collaborating researchers (i.e., Project Media and ABC Baby).

Aim 1. Assess zero-order correlations between food addiction and dietary
restraint in two unique samples during adolescence and adulthood. Based on prior
tindings, we hypothesized that food addiction and dietary restraint will be significantly
correlated in the sample of adolescents (n =127, M = 14.8 years, SD = 3.1), but will not be
significantly correlated in the sample of adults (n =204, M = 31.5 years, SD =4.9).

Aim 2. Examine longitudinal associations between food addiction and dietary
restraint during adolescence, a critical period of development in which eating
pathology often emerges, in order to better elucidate directional pathways between

these constructs. Given the lack of extant longitudinal research, we did not have apriori
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hypotheses regarding the directionality of temporal pathways between food addiction
and dietary restraint.

Aim 3. Compare the associations of maternal food addiction and maternal
dietary restraint with subjective and objectively measured early infant eating behaviors
(i.e., maternal report of infant eating behavior, appetite, and hedonic response to
sucrose) and risk for overweight in dyads of post-partum mothers and infants at four
months of age. Given the lack of extant research, we did not have apriori hypotheses
regarding the specific pattern of associations that would emerge between the maternal

eating and weight factors and the infant eating behaviors and risk for overweight.
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CHAPTER 2
Evaluating Bidirectional Predictive Pathways between Dietary Restraint and Food

Addiction in Adolescents

Methods and materials
Participants

Recruitment. As part of a larger longitudinal study examining adolescent eating
behavior and responsivity to food advertisements (Project Media), adolescent
participants (i.e., 13-16 years of age) were recruited from southeast Michigan using print
and online advertisements. A parent or guardian provided written informed consent
and adolescents provided written informed assent prior to enrollment. Adolescents (N =
193), ranging from 13 to 16 years of age (M = 14.28, SD = 1.03), were recruited for the full
study. The dimensional YFAS-C 2.0 (dYFAS-C 2.0) was added to the questionnaire
battery later in data collection, and 127 participants completed the measure at the initial
wave of data collection (Time 1). Participant descriptives are summarized in Table 2.1.
This study was approved by the University of Michigan Institutional Review Board

(IRB) and complied with the ethical standards of the APA (APA, 2013).
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Inclusion and Exclusion Criteria. Due to the aims of the larger study investigating
eating behavior and reward response to food marketing in adolescents, participant
exclusion criteria included the following factors known to influence reward functioning:
(1) a history of or a current eating disorder diagnosis, (2) current mood, anxiety, trauma,
or psychotic disorders, (3) current prescription for a psychotropic medication, and (4)

underweight BMI status.

Table 2.1 Adolescent Participant Demographics, Descriptives, and Data Missingness (n = 127)

Total (n) Percent (%)
Gender
Male 61 48.0
Female 66 52.0
Race
American Indian/Alaska Native 3 24
Black/African American 19 15.0
White 91 71.7
Other 1 0.8
Mixed 8 6.3
Unknown 5 3.9
Parental Education
Less than High School 15 11.8
High School Degree 5 3.9
Some College 19 15
Associates Degree 11 8.7
Bachelor’s Degree 35 27.6
Advanced Degree 42 33.1
Mean (SD) Range (min, max)
Age (months) 177.3 (12.4) (156.0, 202.5)
BMI z-score 0.95 (0.9) (-1.2,2.7)

Note. SD = standard deviation; BMI = body mass index. Data missingness was determined by availability
of data for primary variables included in the cross-lagged panel analysis (i.e., food addiction (YFAS) and
dietary restraint (DEBQ-R) at each time point.
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Measures

dYFAS-C 2.0. The dYFAS-C 2.0 is a 35-item self-report measure that
operationalizes food addiction characteristics in children and adolescents based on the
same DSM-5 criteria for substance use disorders as the YFAS (Schiestl & Gearhardt,
2018; Gearhardt et al., 2016). When completing the dYFAS-C 2.0, participants are
instructed to think about foods high in refined carbohydrates and/or fats, as these foods
have been most evidenced in food addiction (Schulte et al., 2015). All items are reported
on a 5-point Likert scale (from 0 = never to 4 = always). Prior research suggests that
problematic substance use in adolescence is more accurately conceptualized as a
continuous rather than a categorical syndrome (Liu, 2017). Thus, the dYFAS-C 2.0
utilizes a dimensional scoring approaching. Item scores are summed with higher scores
indicating more severe food addiction. The dYFAS-C 2.0 demonstrates good convergent
and incremental validity as well as internal consistency (Schiestl & Gearhardt, 2018). In
the current sample, dYFAS-C 2.0 scores demonstrated good internal consistency (a =
.90).

Dutch Eating Behaviors Questionnaire Restraint Subscale. The Dutch Eating
Behaviors Questionnaire Restraint Subscale (DEBQ) is a 33-item self-report survey
designed to capture various aspects of eating style including external eating, emotional
eating, and restrained eating. The 10-item restrained eating subscale (DEBQ-R)

measures intentions and attempts to reduce food intake or to avoid certain food types.
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All items were reported on a 5-point Likert scale (from 1 =never to 5= very often).
Scores on the DEBQ-R reflect the average of all items, with higher scores indicating
greater degree of dietary restraint. The DEBQ demonstrates good predictive validity
and internal consistency in adults (Strien et al., 2012; van Strien et al., 1986) as well as
adolescents (Banasiak et al., 2001; Laessle et al., 1989). In the current sample, DEBQ-R
scores demonstrated excellent internal consistency (a =0.93).

Demographics and Anthropometry. Participants were asked to complete a
demographics questionnaire at the first study visit (Time 1). Participants were asked to
self-report their date of birth (which was used to calculate age in months), race, gender
(as male, female, other gender identity, or prefer not to identify), and parental
education level. Participant height and weight measurements were taken at the first
study visit (Time 1). Participants were asked to remove any shoes, hats, and outerwear.
Participant heights and weights were taken twice to confirm accuracy. Participants were
weighed to the nearest 0.1 kg using a Detecto Portable Scale. If weights ditfered by
more than 0.1 kg, the measurements were repeated. Participant height was measured
using an O’Leary Acrylic Stadiometer to the nearest 1 cm. If height measurements
differed by more than 1 cm, the measurements were repeated. Participant BMI z-scores
were calculated using percentiles determined by the CDC for children and teens
(Kuczmarski et al., 2002). Participant demographics and anthropometry measures are

summarized in Table 2.1.
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Data Analytic Plan

Statistical tests were completed using R version 4.1.2 and the lavaan package
(Rosseel, 2012). Preliminary analyses were completed to verify that these data did not
violate assumptions for cross-lagged panel analysis including normality, stationarity,
and synchronicity (Kenny & Harackiewicz, 1979). To reduce the impact of missingness,
data was imputed for dYFAS-C 2.0 and BMI z-scores at Time 2 (n = 115) and Time 3 (n =
91). Individuals who completed all measures at all time points (n =91) did not
significantly differ from individuals who did not complete Time 2 and/or Time 3 of the
study (n = 36) on any of our variables of interest (i.e., food addiction or dietary restraint,
all p >.05), covariates (i.e., age, gender, or BMI z-score, all p >.05), or demographics (i.e.,
race or parental education; all p >.05). No differences in patterns of significance were
observed in the correlations or cross-lagged panel analyses between the unadjusted and
imputed data sets, so results from the imputed sample were used for all analyses
presented in this chapter. Full information maximum likelihood estimation was also
used to maximize sample size, given an assumption that all missing data was missing at
random (Tabachnick & Fidell, 2019). Prior to analysis, outlier values from both primary
variables (food addiction and dietary restraint) were winsorized (Wilcox, 2005) and
both variables were standardized. To control for possible confounding effects of

differences in baseline age, gender, or BMI z-score (Snoek et al., 2008; Wiedemann et al.,
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2021), these were considered as covariates in the model. Age and BMI z-score variables
were mean-centered, and gender variable was contrast-coded.

To address Aim 1, zero-order correlations were tested among variables of
interest and covariates at Time 1, Time 2, and Time 3. We hypothesized that food
addiction and dietary restraint will be significantly correlated at each time point. To
address Aim 2, temporal associations between food addiction and dietary restraint were
examined using a cross-lagged panel design across three waves (Time 1, Time 2, and
Time 3). The model simultaneously estimated the cross-lagged relationships between
the two variables, as well as auto-regressive paths for each variable across time. All
effects were assumed to be constant across the three time points; therefore, a single
estimate was computed for each cross-lagged and auto-regressive relationship,
independent of time (see Figure 1.1 for labeled path diagram). We did not have apriori
hypotheses regarding the directionality of temporal pathways between food addiction
and dietary restraint.

Results

Food addiction and dietary restraint were correlated at each time point (r = 0.34,
p=<.001; r=0.34, p =<.001; r =0.43, p =<.001; Aim 1). Zero-order correlations among
variables of interest and covariates at each time point are detailed in Table 2.2. Inclusion
of covariates (i.e., gender, age, and BMI z-score) did not change the patterns of

significance for any findings in the cross-lagged panel analysis but did result in poorer

24



model fit (respectively CFI =0.939, SRMR =.051, CFI = .838, SRMR = .134;). Thus, for
ease of interpretation and improved model fit, results and figures reported here reflect
the unadjusted structural equation models (SEM). Figures and results for the adjusted
SEM including covariates are provided in Appendix C.

The cross-lagged panel analysis revealed that food addiction significantly
predicted future dietary restraint (b = 0.22, SE = 0.06, p <.001). Dietary restraint did not
significantly predict future food addiction (b = 0.09, SE = 0.05, p > .05; see Table 2.3 for
all model estimates). In comparing the difference between coefficients for each of the
cross-lagged paths, Path 1 (food addiction predicting dietary restraint) was significantly
stronger than Path 2 (dietary restraint predicting food addiction; b =0.162, SE = 0.078, p
<.05). Auto-regressive paths were significant for both food addiction (b =0.613, SE =

0.052, p <.001) and dietary restraint (b = 0.585, SE = 0.055, p <.001) over time.

Table 2.2. Summary of Bivariate Correlations Among Adolescent Food Addiction,

Dietary Restraint, and Associated Covariates

Gender Age BMI Z-score

Food Addiction (dYFAS-C 2.0)

Time 1 0.29*** 0.16 0.33***

Time 2 0.28** 0.25** 0.28**

Time 3 0.22* 0.15 0.18*
Dietary Restraint (DEBQ-R)

Time 1 0.24** 0.11 0.43***

Time 2 0.24** 0.18 0.33***

Time 3 0.15 0.18 0.39***
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Note. dYFAS-C 2.0 = Dimensional Yale Food Addiction Scale for Children 2.0. DEBQ-R = Dutch Eating
Behavior Questionnaire Restraint Subscale. Asterisks denote significance: * p <.05, ** p <.05, and *** p <
.001. Gender (coded 1=male, 2=female).

Table 2.3. Standardized Regression Coefficients for Food Addiction and Dietary

Restraint from Unadjusted Structural Equation Models

CI (95%)

Path Predictor Outcome b SE z p lower upper

1 Food addiction Dietary restraint  0.25 0.06 4.39 <.001 0.14 0.36
2 Dietary restraint Food addiction 0.09 005 169 009 -0.01 0.19
3  Food addiction  Food addiction 0.61 0.05 11.87 <.001 0.51 0.71
4  Dietary restraint Dietary restraint 059 0.06 10.60 <.001 0.48 0.69

Note. X2(8) = 25.68; SRMR = 0.05; CFI = 0.94. CI = confidence interval. A post-hoc sensitivity analysis using
pwrSEM ((Wang & Rhemtulla, 2021) with 10,000 simulations and a seed of 23 indicated that our model
had 100% power to detect an effect of this size for Path 1, and 41% power to detect an effect of this size for
Path 2. Predictor variables were measured at T1, outcome variables were measured at times T2 and T3.

Figure 2.1. Path Diagram for Unadjusted Cross-lagged Panel Analysis between Food

Addiction and Dietary Restraint

Food Addiction | Path3 Food Addiction | Path3 Food Addiction

(Time 1) (Time 2) (Time 3)
Path 1 Path 1
Path 2 Path 2
Dietary Restraint Dietary Restraint Dietary Restraint
(Time 1) Path 4 (Time 2) Path 4 (Time 3)
Discussion
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In a longitudinal study of 127 adolescents, we assessed and compared the
strength of predictive pathways between food addiction symptoms and dietary
restraint across two years. Cross-lagged panel analyses showed that food addiction
significantly predicted future dietary restraint over time. In contrast, dietary restraint
did not predict future food addiction. To address our primary research question, we
computed the difference between the coefficients for each of the cross-lagged paths. The
path for food addiction predicting dietary restraint (Path 1) was stronger than the path
for dietary restraint predicting food addiction (Path 2). Auto-regressive paths for food
addiction (Path 3) and dietary restraint (Path 4) were both significant, indicating the
stability of these predictors over time.

The present findings provide additional support to the existing literature that
food addiction and dietary restraint demonstrate some association in adolescents (Alim
et al., 2021; Gearhardt et al., 2013; Schiestl & Gearhardt, 2018). While some researchers
have thereby speculated that dietary restraint plays a causal role in the development or
progression of food addiction (Wiss & Avena, 2020), these longitudinal findings found
that food addiction is a stronger predictor of future dietary restraint than dietary
restraint is of future food addiction. This suggests that food addiction may be more
likely to emerge prior to dietary restraint, and that dietary restraint occurs as a
consequence rather than a cause of food addiction (see Figure 2.2, path e). This is

consistent with other models of addiction (e.g., substance use disorders) in which
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individuals exhibit restraint in an effort to control addictive behaviors or substance use
(Schulte et al., 2016; Ziauddeen & Fletcher, 2012).

While no prior studies have directly examined temporal pathways between food
addiction and dietary restraint, some longitudinal research has previously explored the
role of dietary restraint in related constructs of binge-type eating pathology. While
dietary restraint appears to be a relevant factor in binge-type eating pathology for
some individuals (e.g., about half of individual who develop BED; Grilo & Masheb,
2000; Hilbert et al., 2014; Reas & Grilo, 2007), binge-type eating behaviors are reported
to precede dietary restraint for many others (Grilo & Masheb, 2000; Brewerton et al.,
2000; Tanofsky-Kraff et al., 2005). The present findings suggest that the relationship
between food addiction and dietary restraint may be more consistent with the subgroup
of individuals for whom dietary restraint appears to occur as a reaction to binge- type
eating pathology (e.g., in an effort to avoid weight gain; Lowe, 2015; Lowe et al., 2013).
While these constructs do share important features (e.g., loss of control over eating),
prior studies have reported that only 42-57% of individuals with BED also endorse food
addiction (Gearhardt et al., 2012; Gearhardt et al., 2016; Ivezaj et al., 2016). Future
research could test whether individuals with co-occurring food addiction may represent
a possible subtype of BED who are more likely to report binge eating prior to dieting

behaviors than individuals without food addiction.
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In sum, while these constructs do appear to be related during this stage of
development, longitudinal analyses do not support a causal role of dietary restraint in
mechanistic models of food addiction. Rather, the present findings provide stronger
empirical support for a model of food addiction in which risk may be underlied by
alternative factors, such as exposure to HP foods (Lowe et al., 2013; Lowe, 2015), clinical
co-morbidities and psychological risk factors (e.g., addiction proneness; Davis et al.,
2011), stronger reward sensitivity (Loxton & Tipman, 2017), or vulnerability for weight
gain (Lowe, 2015; Lowe at al., 2013). Therefore, evidenced associations between food
addiction and dietary restraint in adolescents may reflect attempts to manage an
addictive response to HP foods (Figure 2.2). The present study provides empirical
evidence for the direct temporal pathway between food addiction and dietary restraint
(illustrated in Figure 2.2, path e). It will be important for future research to investigate
theoretical risk factors (e.g., proneness to addiction or exposure to HP foods; Figure 2.2,
paths a and b) or mediators (e.g., weight or shape concerns; Figure 2.2, path ¢’) in the

model.

Figure 2.2. Proposed Model of Vulnerability to Food Addiction as a Risk Factor for

Dietary Restraint
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Clinical implications

If food addiction is a stronger predictor of future dietary restraint, strategies
aimed specifically at ameliorating food addiction symptoms may be most effective for
reducing future dietary restraint and any amplifying effects on future food addiction.
The implementation of prevention (e.g., health-promoting school and home settings;
Lee et al., 2010), treatment (e.g., adapted addiction treatment programs, treatment of
comorbid psychopathology; Cassin & Sockalingam, 2021), and policy (e.g., restrictions
on HP food marketing that targets teens; Harris et al., 2021) interventions during this
crucial stage of development may have substantial benefits for reducing both food
addiction and dietary restraint behaviors in adolescents. Currently, the majority of prior
research has been dedicated to evaluating the food addiction construct, and much less
research has explored or tested intervention approaches. This will be an important
future direction for food addiction research.

There is a critical need for research-guided public health recommendations for

dietary restraint that address the impairment and distress related to symptoms of food
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addiction (Gearhardt, 2009) and living in a social environment that stigmatizes weight
gain and fatness (Brown et al., 2022). Importantly, existing research suggests that not all
forms of dietary restraint are associated with equally poor eating outcomes. For
example, rigid dietary restraint (e.g., all-or-nothing dieting approach) compared with
flexible dietary restraint (e.g., graduated dieting approach) appears to be more strongly
associated with binge-type eating when dieting rules are violated (Westenhoefer et al.,
1999). Prior research also shows improvements in eating outcomes (e.g., reduced
external eating and emotional eating) when dietary restraint is implemented regularly
and proactively (e.g., routine restraint) compared to irregularly and retroactively (e.g.,
compensatory restraint following diet noncompliance; Schembre et al., 2009). It is
therefore possible that the type of dietary restraint which occurs in reaction to food
addiction may have differential impacts on health and well-being. Intervention
strategies that promote more flexible and proactive dietary restraining behaviors may
have some pro-health utility. However, additional research is needed to better
understand which forms of dietary restraint may be most harmful, neutral, or beneficial
for promotion of healthy eating behaviors and how this may interact with a propensity
for food addiction. It will be critical for future research to explore and develop dietary
recommendations for individuals who endorse food addiction symptoms and struggle

to control their eating.

Strengths, limitations, and future directions
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This study offers number of important strengths and contributions to the empirical
literature. This is the first longitudinal study design exploring temporal pathways
between food addiction and dietary restraint allowing for inferences regarding the
nature and directionality of the relationship between these constructs. Furthermore, this
study involved adolescent participants and utilized developmentally appropriate
psychometrics, which provided an assessment of food addiction and dietary restraint
during a key developmental period in which eating pathology and dieting behaviors
often emerge (Mussell et al., 1995; Stice et al., 1998).

However, because this study was limited to a two-year span during adolescence,
much remains unknown about early life risk factors and long-term progression of both
food addiction and dietary restraint. Existing research indicates that by adulthood, food
addiction and dietary restraint have a weaker association (Legendre & Bégin, 2020) or
may no longer be associated (Gearhardt et al., 2016; Imperatori et al., 2019; Schulte &
Gearhardt, 2017). Without longitudinal data spanning adolescence and adulthood, it is
difficult to pinpoint why this association seems to diminish over time. Ongoing
research is needed to better understand additional factors which may contribute to risk
for both food addiction and dietary restraint, as well as how associations between these
constructs change throughout various stages of development. The present study was
also limited to a relatively small and well-resourced sample. Additional research is

needed to test how these findings may generalize to larger and more diverse
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populations. Use of a larger sample size would also provide more power to examine
possible moderating effects of key covariates (i.e., age, gender, and BMI z-score).
Additional studies with stronger power may also help shed light on predictive
pathways between dietary restraint and future food addiction. Although the pathway
between dietary restraint predicting future food addiction did not reach significance,
cross-lagged panel analysis revealed some association between dietary restraint and
future food addiction that the current study may have been under-powered to detect.
This may be indicative of a cyclic effect in which dietary restraint also amplifies food
addiction symptoms to some degree (e.g., via mechanisms described in the dietary
restraint model or dual pathway model for binge-type eating pathology; Welsh & King,
2016). It is also possible that alternating between periods of restricted eating
(characteristic of dietary restraint; Johnson et al., 2012) and excessive eating
(characteristic of food addiction; Gearhardt et al., 2011; Gearhardt et al., 2016) may
contribute to an intermittent pattern of access. Intermittent access has been found to
sensitize the mesolimbic dopaminergic system to substance-related cues and enhance
the development of addictive response to psychoactive drugs and substances common
in HP foods (i.e., sugar; Avena et al., 2008). Thus, if individuals are experiencing
intermittent access to HP foods due to dietary restraint, this could be a pathway that
enhances a propensity to develop food addiction (see Figure 2.3; Kosheleff et al., 2018).

Despite this possibility, the current study supports the hypothesis that Path 1 (food
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addiction leading to future dietary restraint) is the stronger pathway. It will be
important for future research to better understand the bidirectional mechanisms that

drive the association between food addiction and dietary restraint in adolescents.

Figure 2.3. Proposed Model of Vulnerability to Food Addiction as a Risk Factor for

Dietary Restraint and Bidirectional Amplification of Addictive Response
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Conclusions

This study aimed to investigate temporal pathways between food addiction and dietary
restraint longitudinally in adolescents to increase knowledge on the nature and
directionality of the relationship between these constructs. In this sample of 127
adolescents, food addiction significantly predicted future dietary restraint, but dietary
restraint did not predict future food addiction, over time. Moreover, the temporal
pathway between food addiction as a predictor for future dietary restraint was stronger

than the longitudinal pathway for dietary restraint as a predictor for future food
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addiction. While it has been theorized that dietary restraint plays a causal role in the
development of addictive eating (Wiss & Avena, 2020), no prior studies have tested this
hypothesis with a longitudinal study design. These results utilizing longitudinal data
indicate that dietary restraint may be more likely to occur as a reaction or consequence
to food addiction symptoms. These findings highlight the potential for intervention or
prevention efforts that target reducing food addiction as a more effective strategy to
promote overall healthy eating. Additional longitudinal research is needed to identify
mechanistic pathways that underlie the bidirectional relationship between food

addiction and dietary restraint across the course of development.
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CHAPTER 3
Role of Maternal Risk Factors in Early Emergence of Infant Feeding and Weight

Characteristics

Methods and materials
Participants

Recruitment. The ABC Baby study is an observational longitudinal cohort study
of 284 infant-mother dyads recruited from the community. To facilitate recruitment,
infant-mother dyads could enter the study at infant age 2 weeks, 2 months, or 4 months.
The data collected at study entry is referred to as “baseline.” The current analysis is
limited to the 204 mother-infant dyads who provided data for maternal factors and
infant eating behavior at age 4 months. Characteristics of the sample are summarized in
Table 3.1. The sample of 204 dyads included in the current analyses did not differ on
infant or race/ethnicity from the participants excluded due to missing data on the
variables of interest (all p >.05). However, dyads included in the analyses did have
higher maternal education than those who were not included (x? = 14.1, p <.05). This
study was approved by the University of Michigan IRB. Mothers provided written

informed consent for themselves and their infants.
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Inclusion and Exclusion Criteria. Inclusion criteria at the time of enrollment
were: (1) infant was born between 37-42 weeks gestation, (2) birth weight was within
the 3rd-97th percentiles based on gestational age and sex, and (3) no significant
perinatal or neonatal complications occurred. Exclusions were: (1) mother non-fluency
in English; (2) foster care; (3) the mother was <18 years old; (4) medical problems or
known diagnosis affecting infant’s current or future eating, growth or development; (5)
child protective services involvement in the neonatal period; (6) infant had not
consumed at least 2 ounces in one feeding from an artificial nipple and bottle at least
once per week, or mother did not plan for the infant to do so by 2 months of age. Newly
identified diagnoses or conditions reported during scheduling or study visits were
assessed by practicing pediatrician PI Dr. Julie Lumeng to determine eligibility status.
This study was approved by the University of Michigan IRB and complied with the

ethical standards of the American Psychological Association (APA, 2013).

Table 3.1. Infant and Mother Sample Demographics and Descriptives (n = 204)

Mother Characteristics

Total (n) Percent (%)

Maternal race/ethnicity

Black, non-Hispanic 25 12.3

Hispanic, any race 8 3.9

White, non-Hispanic 142 69.6

Other, non-Hispanic 27 13.2

Missing 2 1.0
Maternal education

High School Diploma or Less 16 7.8
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Some College Credit 47 23.0

College Degree 71 34.8
Post-graduate Degree 70 34.3
Mean (SD) Range (min, max)
Maternal age at baseline visit (years) 31.5 (4.9) (18.5, 46.4)
Infant Characteristics
Total (n) Percent (%)

Infant sex

Male 103 50.5

Female 101 49.5
Infant race/ethnicity

Black, non-Hispanic 26 12.7

Hispanic, any race 12 5.9

White, non-Hispanic 128 62.7

Other, non-Hispanic 37 18.1

Missing 1 0.5
Infant age at enrollment (baseline
visit)

2 weeks 127 62.3

2 months 77 3.7
Infant dietary intake at 4 months

Breast milk exclusively 103 50.5

Formula exclusively 48 23.5

Combination breast milk and A1 0.1

Formula

Missing 12 59

Mean (SD) Range (min, max)

Infant gestational age (weeks) 39.6 (1.1) (37.0,41.4)
Infant age at 4-month visit (days) 133.8 (13.5) (109, 178)
Infant birth weight (kg) 3.5(0.4) (2.4,4.5)
Birth weight z-score for gestational -01(0.9) (1.8, 1.8)
age and sex
Infant WLZ at 4-month visit 0.05 (0.9) (-2.8, 2.3)

Note. SD = standard deviation; kg = kilograms; WLZ = weight-for-length z-score. If missing data occurred
for any variable, it was included in the table.
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Measures

Maternal Factors

YFAS. The YFAS is a 25-item self-report measure that operationalizes food
addiction characteristics based on DSM-1V criteria for substance use disorders
(Gearhardt et al., 2009). When completing the YFAS items, participants are instructed to
think about foods high in refined carbohydrates and/or fats. Mothers completed the
YFAS scale at baseline and were instructed to think about their eating in the past 12
months. YFAS questionnaire items prompted participants to endorse the frequency in
which they experienced various addictive-like eating behaviors. The YFAS
demonstrates good convergent, discriminant, and incremental validity as well as
internal consistency (Gearhardt et al., 2009). In the current sample, YFAS scores
demonstrated acceptable internal consistency (a = .67).

Dutch Eating Behaviors Questionnaire — Restraint Subscale (DEBQ-R). The
Dutch Eating Behavior Questionnaire (DEBQ) is a 33-item self-report survey designed
to capture various aspects of eating style including external eating, emotional eating,
and restrained eating. Mothers completed the DEBQ at the 2-month study visit. This
analysis focused on the 10-item restrained eating subscale (DEBQ-R),which measures
intentions and attempts to reduce food intake or to avoid certain food types. All items
were reported on a 5-point Likert scale (from 1 = “never” to 5= “very often”). Scores on

the DEBQ-R reflect the average of all items, with higher scores indicating more dietary
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restraint. The DEBQ demonstrates good predictive validity and internal consistency
(Van Strien et al., 1986; Van Strien et al., 2012). In the current sample, DEBQ-R scores
demonstrated good internal consistency (a = .88).

Pre-Pregnancy BMI. Mothers’ pre-pregnancy weight was obtained by self-report
at baseline. Mothers were asked “Just before you got pregnant with [child’s name], how
much did you weigh?” and were asked to provide their pre-pregnancy weight in
pounds. Maternal height was measured using a Seca 217 portable stadiometer at the
baseline visit. Pre-pregnancy BMI was calculated as weight in kilograms divided by
height in meters squared (see Table 3.2).

Infant Factors

Baby Eating Behaviors Questionnaire (BEBQ). The BEBQ is an 18-item parent-
report questionnaire developed to capture variation in eating and appetitive traits
during the first six months of infancy. The four subscales of the BEBQ are designed to
assess general appetite, enjoyment of food, food responsiveness, slowness in eating, and
satiety responsiveness. One additional item measures general appetite. The BEBQ
instructs caregivers to respond according to their baby’s feeding style for a “typical
daytime feed.” All items are reported on a 5-point Likert scale (from 1 = “never” to 5 =
“always”). Scores are summed and averaged for each subscale with higher scores
indicating increased reported expression of the feeding behavior or general appetite.

The BEBQ has demonstrated good validity and good internal consistency (Llewellyn et
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al., 2011; Oyama et al., 2021). In the current study, subscales for enjoyment of food (a =
.70) and food responsiveness (a = .78) demonstrated acceptable validity. Subscales for
satiety responsiveness (a = .44) and slowness in eating (a = .57) demonstrated poor
validity and were excluded from the study.

Infant Hedonic Response to Sucrose. Infant hedonic response to sucrose was
assessed using standardized methods validated for infants at 4 months of age (Rios et
al., 2020; Steiner et al., 2001). Alternating doses of sterile water (0.2 mL) and sucrose
solutions (24% and 50% sucrose; 0.2 mL) were administered to the central dorsal area of
the infant’s tongue via needleless syringe. Order of delivery of 24% and 50% sucrose
solutions was counterbalanced across participants. Following administration of each
solution (water, 24% sucrose, and 50% sucrose), infants were videotaped for a 30- or 60-
second response phase to code for infant behavioral reactions evidenced to signal
hedonic liking (i.e., tongue protrusion, lip smacking, and bringing fingers or hands to
the mouth; Steiner et al., 2001). Response phases were divided into 10-second intervals
that were coded for whether a behavioral reaction occurred during that time period.
Next, the proportion of intervals in which the behavior occurred was calculated for each
behavioral reaction, ranging from 0 (no behavior in any interval) to 1 (behavior
occurred in every interval). A composite sucrose reactivity score was calculated by
averaging the proportion of intervals that behavioral reactions occurred for all

behavioral reactions that differentiated between sucrose and water (i.e., bringing fingers
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to the mouth and lip smacking at 24% sucrose concentration and bringing fingers to the
mouth, lip smacking, and tongue protrusion at 50% sucrose concentration; Rios et al.,
2020). This sucrose paradigm was only administered to a subset of infants (n = 96)
enrolled in the larger study.

Anthropometry. Infants were weighed without clothing or diaper to the nearest
0.1 kg with a Tanita BD-585 Digital Pediatric Baby Scale. Infant weights were duplicated
and averaged to maximize accuracy. If weights differed by more than 0.1 kg, the
measurements were repeated. Infant length was measured with an Ellard Instruments
Acrylic Pediatric Stadiometer to the nearest 0.1 cm. The infant was aligned in the
Frankfort horizontal plane with legs positioned according to standards by Shorr (1984).
Infant length was measured twice and averaged. If length measurements differed by
more than 0.2 cm, the infant was measured one more time. Infant measurements were
taken at the 4-month study visit (see Table 3.2). All research staff were certified and
recertified annually in infant and adult measurement technique. Infant WLZ was
calculated based on age and sex-specific growth charts (WHO, 2006). Infant risk for
overweight or obesity is defined as a weight-for-length>85th percentile based on the
WHO standards (2014; see Table 3.2).

Milk Consumption. To assess infant dietary intake, mothers responded to select
questions from age-appropriate questionnaires developed by the Centers for Disease

Control and Prevention (CDC, 2015; Grummer-Strawn et al., 2010). At the 4-month visit,
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mothers were asked to report how many times in the past seven days their infant was
fed breast milk, formula, or cow/soy/other milk types. Infants were categorized as
exclusively fed breast milk, exclusively fed formula, or combination breast milk and

formula (see Table 3.2).

Table 3.2. Maternal and Infant Variable Descriptives

n Mean (SD)/n (percent) Range (min, max)

Maternal Food Addiction (YFAS) 204 1.7 (1.3) 0, 7)
Maternal Dietary Restraint

204 2.3 (0.7 1,4
Maternal Pre-pregnancy BMI 204 27.8 (7.2) (17.0, 62.2)
Infant Enjoyment of Food (BEBQ) 192 4.5(0.4) (3,5)
Infant Food Responsiveness

1 2.2 (0.7 1,5
Infant General Appetite (BEBQ) 188 4.0 (0.9) 1,5)
Infant Sucrose Response 79 0.4 (0.1) (0.1, 0.9)
Infant Risk for Overweight 198 44 (15.4%)* 0, 1)**

Note. SD = standard deviation, *n = infants at risk for overweight according to WHO guidelines, **infant
risk for overweight variable was dummy coded (0 = infant WLZ not at risk for infant overweight, 1=
WLZ at risk for infant overweight).

Data Analytic Plan

Statistical tests were completed using SAS 9.4 software and IBM SPSS Statistics
27.0 software. Missing data was removed with list-wise deletion. To address Aim 1,
zero-order correlations were tested among maternal independent variables of interest
(i.e., food addiction and dietary restraint). We hypothesized that food addiction and

dietary restraint would not be significantly correlated at each time point. To address
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Aim 3, all maternal risk factors (i.e., food addiction, dietary restraint, and pre-
pregnancy BMI) were simultaneously included as predictors in four separate linear
regression models predicting infant sucrose response, enjoyment of food, food
responsiveness, and general appetite. This allowed us to assess associations with each
maternal risk factor while controlling for the variance of the other maternal risk factors.
Infant risk for overweight was dichotomized and dummy coded (0 = “no risk for infant
overweight” and 1 = “risk for infant overweight”) and logistic regression was used to
assess associations of the maternal risk factors, included simultaneously in the model,
with infant risk for overweight. Potential covariates that have been implicated in the
prior literature as relevant to infant eating behaviors and risk for overweight were
considered (Nisbett & Gurwitz, 1970; Rogers & Blissett, 2017). Covariates which
demonstrated a significant association with the dependent variable of interest were
included for each linear and logistic regression model (specific covariates included in

each model are indicated in Table 3.3).

Results

Preliminary analyses were completed to verify that these data did not violate
assumptions for linear regression including linear relationship, multivariate normality,
multicollinearity, auto-correlation, and homoscedasticity (Poole & O’Farrell, 1971).
Correlations between the maternal risk variables were calculated to assess for

multicollinearity. Maternal food addiction and dietary restraint were each positively
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correlated with pre-pregnancy BMI, respectively (r = .21, p <.01; r =.26, p <.001), but
were not correlated with each other (r = .04; p = .57). Correlations (Pearson’s r) between
potential covariates and infant outcome variables were calculated to determine which
covariates would be included in which models (p <.05; see Table 3.3).

Linear and logistic regression models revealed that maternal food addiction was
associated with greater infant risk for overweight (3 = .28, p = .04). Maternal dietary
restraint was associated with lower infant appetite (8 =-0.20, p = .005), but greater
objectively measured infant hedonic response to sucrose (3 = 0.24, p = .03). Maternal pre-
pregnancy BMI was associated with maternal report of greater infant appetite (3 =0.27,

p <.001). Findings are reported in Table 3.3.

Table 3.3. Associations between Maternal Risk Factors and Infant Eating Behaviors and

Risk for Overweight at 4-months (n =204)

CI (95%), OR
Model Maternal IV Infant DV n B SE Sig. Lower Upper
Food Addiction (YFAS) -0.04  0.03 62 0.01 0.11
1 Dietary Restraint (DEBQ-R) Enjoyment of 192 -0.08  0.05 27 -0.14 0.04
Food! (BEBQ)
Pre-pregnancy BMI 014 0.01 08  0.00 0.02
Food Addiction (YFAS) Food 0.06  0.04 42 0.00 0.01
2 Dietary Restraint (DEBQ-R) Responsiveness2 189 -0.12  0.06 10 -0.23 0.02
Pre-pregnancy BMI *(BEBQ) 005 0.01 47 002 001
Food Addiction (YFAS) General -0.12  0.05 10 -0.18 0.02
3 Dietary Restraint (DEBQ-R) Appetite'? (BEBQ) 188 -020  0.09 <01 -0.41 -0.07
Pre-pregnancy BMI 027  0.01 <001 0.02 0.05
Food Addiction (YFAS) -0.06  0.01 59 -0.03 0.02
4 Dietary Restraint (DEBQ-R) ~Sucrose Response* 79 024  0.03 03  0.01 0.11
Pre-pregnancy BMI 0.06  0.00 58 0.00 0.01
Food Addiction (YFAS) 028 0.13 04 1.0 1.7
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5 Dietary Restraint (DEBQ-R)  Risk for 198 -0.02  0.28 93 06 1.7
Pre-pregnancy BMI overweight 0.05  0.03 06 1.0 1.1

Note. CI = confidence interval, OR = odds ratio, YFAS = Yale Food Addiction Scale 2.0; DEBQ = Dutch
Eating Behaviors Questionnaire, Restraint subscale; BMI = body mass index. Standardized beta
coefficients () are reported to allow for comparison across models. to allow for comparison across
models. Superscript numbers indicate covariates included in each model based on significant correlation
with infant variables of interest: 1. Maternal education (coded 1=high school diploma or less, 2=some
college credit, 3=college degree, 4=post-graduate degree), 2. Maternal age 3. Milk consumption (coded
1=exclusively fed breast milk, 2=exclusively fed formula, 3= breast milk and formula in combination). No
covariates were associated with infant risk for overweight (all p > .05), 4. Child sex (coded O=female,
1=male); no covariates were included in this model.

Discussion

In a sample of 204 infant-mother dyads, we simultaneously investigated the
association of maternal risk factors (i.e., food addiction, dietary restraint, and pre-
pregnancy BMI) with infant eating behaviors and risk for overweight at 4 months.
Maternal food addiction was associated with greater infant risk for overweight.
Maternal dietary restraint was associated with lower infant appetite, but greater infant
hedonic response to sucrose. Higher maternal pre-pregnancy BMI was associated with
greater infant appetite. Each of the present findings are discussed in more detail below.

Notably, maternal food addiction was the only significant predictor of infant risk
for overweight. This finding is consistent with the existing literature that parental food
addiction predicts higher child BMI z-scores and risk for obesity in children 5-12 years
of age (Burrows et al., 2017). Given the significant association of maternal food
addiction with infant risk for overweight, it is possible that related differences in

maternal eating behaviors during prenatal development influence future weight status
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of the offspring. Prior research has found that maternal food addiction is associated
with greater eating in the absence of hunger during pregnancy and greater
consumption of both minimally and highly processed foods during pregnancy (Lipsky
et al., 2021). Thus, differences in prenatal dietary exposure could represent one
plausible factor implicated in associations between maternal food addiction and infant
risk for overweight. However, additional research is needed to shed light on the
complex interaction among multiple possible mechanisms (e.g., genetics, individual
differences in infant reward drive) which may underlie intergenerational transmission
of maternal food addiction on infant risk for overweight.

Despite greater risk for overweight, these infants did not exhibit differences in
their own responses to food according to maternal report of general appetite and
objective measures of sucrose response. In a model that did not include covariates,
maternal food addiction was associated with maternal report of infant food
responsiveness (see Appendix F), though this effect became nonsignificant after
accounting for covariates. In older children, maternal food addiction has been linked to
constructs related to sensitivity to food reward and greater cravings in children
(Burrows et al., 2017; Santos-Flores et al., 2021). Thus, it is also plausible that differences
in infant appetite and eating behavior related to maternal food addiction may emerge
later in development. At four months, most infants are still exclusively consuming milk

(i.e., breast milk and/or formula; Clayton et al., 2013), and the inclusion of solid foods
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later in childhood represents a dietary shift to foods with a wider range of rewarding
properties, including foods thought to be more addictive (e.g., HP foods, high-fat and
high-sugar foods; Schulte et al., 2015). Therefore, significant differences in food
responsiveness or appetite may be more demonstrable later in childhood, after the
addition of diverse solid foods to the diet. Future longitudinal research is needed to
better understand the relationship between maternal food addiction and child eating
behavior and overweight risk across prenatal, infant, and child stages of development.
Maternal dietary restraint was associated with greater sucrose response but
maternal report of lower general appetite in the infants. There are several possible
interpretations for these combined findings. One hypothesis is that because these
infants have a greater hedonic response to sugars (e.g., those in breast milk and
formula), they require less food to satiate their food drive and mothers are accurately
assessing lower infant appetite (Rios et al., 2020). It is also possible that mothers’
restraint of their own diets is associated with differences in interpretation of their
infant’s appetite (Powell et al., 2011). Research in older children has linked maternal
dietary restraint to greater maternal monitoring or restriction of the child's diet (Birch &
Fisher, 2000; Tiggemann & Lowes, 2002). Such lines of research indicate the possibility
that maternal dietary restraint may be linked to a greater tendency to underestimate the
infant’s appetite. Therefore, it is also possible that these infants do not experience lower

appetite due to greater sucrose responsiveness, but mothers with more restraint are
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interpreting their children as having a lower appetite. Inclusion of more objective
behavioral measures for infant appetite (e.g., milk sucking rate, volume of consumption;
Carnell & Wardle, 2007) in future studies could help shed light on this topic. Overall,
more research is needed to determine exactly how maternal dietary restraint, infant
appetite, and infant hedonic response to sucrose are interrelated during this period of
early infancy.

The present study also detected a significant association between pre-pregnancy
BMI and maternal report of greater infant general appetite. In older children, maternal
pre-pregnancy BMI is associated with some differences in appetitive traits, although
tindings have been mixed. For example, maternal pre-pregnancy weight status has been
linked to poorer appetite regulation in girls but not boys aged 3-5 (Boone-Heinonen et
al., 2019). The current study demonstrates that maternal pre-pregnancy BMI appears to
be associated with greater appetite in early infancy as well. When accounting for
contributions of maternal food addition and dietary restraint, the association between
pre-pregnancy BMI and infant risk for overweight did not meet significance, although: it
was trend-level. This lack of significance is notable given the known heritability of body
size, particularly during childhood (Elks et al., 2012). However, the underpinnings of
BMI are complex and multifaceted (Hill et al., 2000), and research efforts have
emphasized the importance of recognizing the heterogenous behavioral phenotypes

that may underlie lifelong weight status (Brownell & Wadden, 1991). Notably, maternal
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food addiction was associated with both infant risk for overweight and maternal pre-
pregnancy BMI. These findings suggest that the behavioral phenotype of maternal food
addiction may be more strongly related to infant risk for overweight than maternal pre-
pregnancy BMI alone.
Empirical and Clinical Implications

This study sheds additional light on the direct association between maternal food
addiction and dietary restraint. Some critiques of the food addiction construct have
suggested that models of food addiction do not adequately account for the impacts of
dietary restraint on addictive eating behaviors (Wiss & Avena, 2020). However, the
present results are consistent with prior research findings that food addiction and
dietary restraint are both correlated with BMI (Gearhardt et al., 2014; Van Strien et al.,
2014), but are not correlated with each other (Gearhardt et al., 2016; Schulte &
Gearhardt, 2017; Carter et al., 2019; Gearhardt et al., 2012, 2013). Moreover, this study
suggests that maternal food addiction and dietary restraint are also correlated with
unique outcomes in infant eating behaviors and risk for overweight. In sum, these
findings support an empirical conceptualization of food addiction and dietary restraint
as unique high-risk phenotypes which are both associated with higher BMI but are
ultimately distinct constructs.

This divergence in outcomes between maternal food addiction and dietary

restraint further highlights the need to tailor unique intervention recommendations for
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each of these presentations. Given the lack of association between food addiction and
dietary restraint in this sample, it is also likely that mothers who struggle with food
addictions symptoms may be experiencing an opposite profile of behaviors (e.g.,
excessive eating) than mothers who report dietary restraint (e.g., restricted eating).
Therefore, ideal intervention strategies and dietary recommendations to address food
addiction and dietary restraint may also differ. For example, interventions for the food
addiction phenotype might focus on skills to cope with food cravings and increase
inhibitory control. In contrast, interventions for dietary restraint may focus of reducing
rigid dietary rules and increasing flexibility. It is also plausible that the preventative
interventions designed to reduce the potential for problematic eating behaviors in the
offspring of these mothers may be more effective if tailored based on maternal factors.
However, future research is needed to explore potential strategies and their efficacy.
Strengths, Limitations, and Future Directions

There are some important strengths to highlight in the current study. This was
the first study to investigate maternal characteristics and infant behavior in dyads with
infants as early as four months old. This allowed us to examine infant behaviors during
a developmental period in which most infants have not been introduced to solid foods,
which limits the impact of dietary variability in our findings. Relative to earlier
developmental periods, by 4 months mothers have had more time to understand and

observe their infants, which may increase their ability to accurately report on their
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infants” eating behavior. Further, this study implemented best-practice measures for
phenotyping infant anthropometry and behavior, which utilized both subjective
(maternal report) and more objective behavioral (sucrose facial response coding)
measures to assess infant outcomes.

There are also several limitations to consider. The cross-sectional sample does
not allow us to determine how these associations may change over the course of early
development, particularly as infants are introduced to solid foods. This is an important
future direction. There are also some limitations to administering measures for maternal
risk factors during the early post-partum period (i.e., infant age 2 weeks). Retrospective
self-report of pre-pregnancy weight may increase error in the measure of maternal pre-
pregnancy BMI. Additionally, the YFAS and DEBQ-R scales do not specity for
participants to report on eating behaviors exclusively during the post-partum period.
Mothers may have considered pre-pregnancy or prenatal eating behavior in their
responses, and additional research is needed to better understand how food addiction
and dietary restraint may differ across pre-pregnancy, prenatal, and post-partum
stages. Finally, this study utilized a sample with limited geographical and sociocultural
diversity. Moreover, the sucrose protocol was only administered to a smaller subset of
infants (n = 96) and thus, may have been underpowered to detect significant effects.
Future research is needed to assess how associations between these maternal and infant

characteristics may generalize across larger and more diverse populations.
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Conclusions

This study aimed to investigate how maternal characteristics including food
addiction, dietary restraint, and pre-pregnancy body mass index (BMI) are associated
with eating behaviors and risk for overweight in infancy. In this sample of 204 infant-
mother dyads, maternal food addiction, dietary restraint, and pre-pregnancy BMI were
each associated with distinct infant eating behaviors and risk for overweight at four
months of age. Maternal food addiction was the only maternal variable associated with
greater risk for infant overweight. Maternal dietary restraint was associated with
maternal report of lower infant appetite, but objective measurement of greater infant
hedonic liking of sugar. Higher maternal pre-pregnancy BMI was associated with
maternal report of greater infant appetite. Findings highlight the potential for targeted
prevention efforts early in development based on these distinct maternal risk factors.
Additional research is needed to identify the mechanistic pathways driving the
associations between maternal risk factors and early infancy eating- and weight-related
outcomes. Finally, it will be important to investigate whether these early infant patterns
predict the development of future high-risk eating behaviors or excessive weight gain

across the course of development.
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CHAPTER 4

Integration and Conclusions

Exploring the Bidirectional Relationship Between Food Addiction and Dietary
Restraint

This dissertation aimed to advance our empirical understanding of the
bidirectional relationship between food addiction and dietary restraint. Study 1
(Evaluating Bidirectional Predictive Pathways between Food Addiction and Dietary
Restraint in Adolescents) utilized a longitudinal study design to evaluate directional
pathways between food addiction and dietary restraint during adolescence, a critical
period of development in which eating pathology often emerges (Mussel et al., 1995;
Stice et al., 1998). In response to Aim 1, this study showed that food addiction and
dietary restraint were correlated at a small to medium effect size at three distinct time
points during adolescence. In response to Aim 2, longitudinal analyses revealed that
food addiction predicted future dietary restraint, but dietary restraint did not predict
tuture food addiction.

Study 2 (High-risk Maternal Predictors of Early Infancy Eating Behaviors and

Risk for Overweight) sought to compare associations of maternal food addiction and
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dietary restraint with early infant eating behaviors and risk for overweight in dyads of
post-partum mothers and infants at four months of age. In response to Aim 1, this study
revealed that food addiction and dietary restraint were not significantly associated with
each other in a population of adult post-partum mothers. In response to Aim 3, this
study also illustrated that maternal food addiction and dietary restraint were each
associated with distinct infant eating behaviors and risk for overweight at four months
of age.

Combined findings from Study 1 and Study 2 are consistent with prior studies
which evidence an association between food addiction and dietary restraint in
adolescence ((Alim et al., 2021; Gearhardt et al., 2013; Schiestl & Gearhardt, 2018) but
the diminishment or disappearance of that link by adulthood (Gearhardt et al., 2016;
Imperatori et al., 2019; Legendre & Bégin, 2020; Schulte & Gearhardt, 2017). It currently
remains unclear why food addiction and dietary restraint appear to be more tightly
linked in adolescents, but unrelated in adults. One possibility is that individuals are
more likely to react to the early emergence of food addiction symptoms with attempts
to restrict or reduce their dietary intake (Keel et al., 2007; Neumark-Sztainer et al., 2018).
However, after multiple failed attempts to control eating or reduce body weight,
individuals may become less likely to implement dietary restraint over time (Schiestl &
Gearhardt, 2018). More extensive longitudinal research spanning adolescence and

adulthood is needed in order to better understand the developmental course of the
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relationship between food addiction and dietary restraint as well as the mechanisms
which drive their association.

Given the evidence for associations between food addiction and dietary restraint
in prior cross-sectional samples of adolescents (Alim et al., 2021; Gearhardt et al., 2013;
Schiestl & Gearhardt, 2018), some researchers have theorized that dietary restraint may
play a causal role in the development of food addiction symptoms (Wiss & Avena,
2020). However, longitudinal findings from Study 1 illustrate that food addiction
appears to predict future dietary restraint, while dietary restraint did not significantly
predict future food addiction. Thus, the present longitudinal analyses do not support a
causal or etiological role of dietary restraint in food addiction models (see Figure 2.2).
Rather, our findings support a model of food addiction in which dietary restraint is
more likely to occur as a reaction to addictive eating symptoms and related outcomes
(e.g., weight or shape concerns; see Figure 2.3; Lowe, 2015). Additional research is
needed to investigate whether specific aspects of dietary restraint may further reinforce
or exacerbate addictive eating qualities via intermittent patterns of access to HP foods
or neural sensitization to the rewarding properties of HP foods (Avena et al., 2008).

Results from Study 2 additionally highlight the distinction between food
addiction and dietary restraint constructs. Maternal food addiction and dietary restraint
were each uniquely associated with different infant eating and weight characteristics,

supporting the conceptualization of food addiction and dietary restraint as distinct
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clinical constructs and the need to tailor intervention recommendations based on
individual maternal eating phenotypes. An important direction for future research will
be the development of effective intervention and prevention strategies specific to food
addiction and dietary restraint for pre-natal and post-partum mothers.
Overall Limitations and Future Directions

In sum, the findings of the current dissertation have provided key insight into
the bidirectional relationship between food addiction and dietary restraint from several
key perspectives. Food addiction and dietary restraint appear to be more closely related
during adolescents, an important developmental period when the onset of eating
pathology and dieting behaviors frequently emerge, but less closely by adulthood. For
those adolescents, food addiction appears to precede and predict dietary restraint,
highlighting the need for interventions that target ways to reduce risk of addictive
eating in teens. Additionally, food addiction and dietary restraint each map onto
distinct infant eating and weight outcomes, reinforcing the conceptualization of food
addiction and dietary restraint as distinct constructs that require tailored intervention
strategies for prenatal and post-partum mothers.

However, the studies included in this dissertation were limited to relatively
small, nondiverse, and well-resourced samples (see Table 2.1 and Table 3.2). It will be
important for future research to assess whether the present findings are replicable in

larger, more diverse participant samples. Such studies could also explore the potential
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differences in effects across gender and sociocultural identities. Further, we recognize
the need for more extensive longitudinal study designs. For example, it remains
unknown how behaviors related to food addiction and dietary restraint emerge and
develop from infancy into adolescence. Longitudinal data spanning these
developmental stages could provide more information regarding phenotypes and
mechanisms that may increase risk for both food addiction and dietary restraint. Such
tindings are critical for the development of more effective identification, prevention, or
intervention strategies that could implemented earlier in the lifespan. Additionally,
ongoing longitudinal data could help elucidate why the association between food
addiction and dietary restraint appears to emerge in adolescence but diminish or
disappear by adulthood.

Taken together, the combined findings of this dissertation aim to advance our
empirical understanding of food addiction and dietary restraint as related, but distinct,
constructs with a potentially bidirectional relationship which appears to evolve over
time. A deeper understanding of the nature of the relationship between food addiction
and dietary restraint that results from this dissertation has important implications for

public health and clinical treatment recommendations.
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APPENDIX A

DSM-5 Substance Use Disorder and YFAS 2.0 Food Addiction Diagnostic Indicators

Table A.1. DSM-5 Substance Use Disorder and YFAS 2.0 Food Addiction Diagnostic

Indicators

DSM-5 substance use disorder diagnostic criteria

Substance taken in larger amount and for longer period than intended
Persistent desire or repeated unsuccessful attempts to quit

Much time/activity to obtain, use, recover

Craving or strong urges to use the substance

Recurrent use resulting in failure to fulfill major obligations at work, school, or
home

Continued use despite social or interpersonal problems

Important social, occupational, or recreational activities given up or reduced
Recurrent substance use in physically hazardous situations

Continued use despite physical or psychological problems

Tolerance to pleasurable or intoxicating effects of the substance
Characteristic withdrawal symptoms; substance taken to relieve withdrawal

YFAS 2.0 food addiction clinical indicators
Food consumed in larger quantities or over long period of time than intended

Persistent desire or unsuccessful efforts to reduce consumption of certain foods
Considerable time spent to obtain, consume, or recover

from effects of food

Craving or strong urges to consume certain foods

Continued consumption despite failure to fulfill major role obligation
Continued consumption despite social or interpersonal problems

Giving up important social, occupational, or recreational activities because of
food consumption
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Recurrent consumption of food in physically hazardous situations
Continuing to eat certain foods despite physical or psychological problems
Tolerance to pleasurable effects of food

Characteristic withdrawal symptoms; certain foods consumed to relieve
withdrawal
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APPENDIX B

Questionnaire Items

Table B.1 YFAS Questionnaire Items

Yale Food Addiction Scale (YFAS)

1.

10.

11.

12.

I find that when I start eating certain foods, I end up eating much more than
planned

I find myself continuing to consume certain foods even though I am no longer
hungry

I eat to the point where I feel physically ill

Not eating certain types of food or cutting down on certain types of food is
something I worry about

I spend a lot of time feeling sluggish or fatigued from overeating

I find myself constantly eating certain foods throughout the day

I find that when certain foods are not available, I will go out of my way to obtain
them. For example, I will drive to the store to purchase certain foods even
though I have other options available to me at home.

There have been times when I consumed certain foods so often or in such large
quantities that I started to eat food instead of working, spending time with my
family or friends, or engaging in other important activities or recreational
activities I enjoy.

There have been times when I consumed certain foods so often or in such large
quantities that I spent time dealing with negative feelings from overeating
instead of working, spending time with my family or friends, or engaging in
other important activities or recreational activities I enjoy.

There have been times when I avoided professional or social situations where
certain foods were available because I was afraid I would overeat.

There have been times when I avoided professional or social situations because I
was not able to consume certain foods there.

I have had withdrawal symptoms such as agitation, anxiety, or other physical
symptoms when I cut down or stopped eating certain foods. (Please do NOT
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13. include withdrawal symptoms caused by cutting down on caffeinated beverages
such as soda pop, coffee, tea, energy drinks, etc.)

14. I have consumed certain foods to prevent feelings of anxiety, agitation, or other
physical symptoms that were developing. (Please do NOT include consumption
of caffeinated beverages such as soda pop, coffee, tea, energy drinks, etc.)

15. I have found that I have elevated desire for or urges to consume certain foods
when I cut down or stop eating them.

16. My behavior with respect to food and eating causes significant distress.

17. I experience significant problems in my ability to function effectively (daily
routine, job/school, social activities, family activities, health difficulties) because
of food and eating.

18. My food consumption has caused significant psychological problems such as
depression, anxiety, self-loathing, or guilt.

19. My food consumption has caused significant physical problems or made a
physical problem worse.

20. I kept consuming the same types of food or the same amount of food even
though I was having emotional and/or physical problems.

21. Over time, I have found that I need to eat more and more to get the feeling I
want, such as reduced negative emotions or increased pleasure.

22. T have found that eating the same amount of food does not reduce my negative
emotions or increase pleasurable feelings the way it used to.

23. I want to cut down or stop eating certain kinds of food.

24. T have tried to cut down or stop eating certain kinds of food.

25. T have been successful at cutting down or not eating these kinds of food

26. How many times in the past year did you try to cut down or stop eating certain
foods altogether?

Note. Participants are instructed to respond to items based on the last 12 months and to
consider foods with highest addictive potential (i.e., HP foods). Items 1-16 are reported
on a 5-point Likert scale (0 = never; 1 = once a month; 2 = 2-4 times a month, 3 =3 times a
week, 4 =4 or more times a week). Items 17-25 are coded yes/no (0 =no, 1 = yes). Item 25
was reported based on number of times in past 21 days (1 =1 time, 2 =2 times, 3 =
3times, 4 =4 times, 5 =5 or more times).

Table B.2. dYFAS-C 2.0 Questionnaire Items

Yale Food Addiction Scale for Children 2.0 (dYFAS-C 2.0)

1. When I started to eat certain foods, I found it hard to stop.
2. Tkept eating certain foods even though I was not hungry.
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8.
9.

10.
11.
12.

13.

14.
15.

I ate until my stomach hurt or I felt sick.

I worried about cutting down on certain foods but ate them anyway.

I spent a lot of time feeling tired from eating too much.

I ate certain foods all day long.

If I could not find a food I wanted, I tried hard to get it. (examples: asked a friend
to get it for me, found a vending machine, snuck food when people weren’t
looking)

When I cut down on or stopped eating certain foods, I felt angry, upset or sad.
When I cut down or stopped eating certain foods, I craved them a lot more.

I kept eating too much even though it made me feel sad, nervous, or guilty.

I kept eating too much even though it made me unhealthy.

When I ate the same amount of food, it didn’t make me feel as good as it used to.
(examples: feel happy, calm, relaxed)

I really wanted to cut down on or stop eating certain kinds of foods, but I just
couldn’t.

I was craving certain foods so much that I felt like I had to eat them right away.

I tried to cut down on certain foods, but it didn’t work.

Note. Participants are instructed to respond to items based on the last 12 months and to
consider foods with highest addictive potential (i.e., HP foods). All items are reported

on a 5-point Likert scale (from 0 = never to 4 = always).

Table B.3. DEBQ-R Questionnaire Items

Dutch Eating Behaviors Questionnaire Restraint Subscale

1.
2.
3.

NG

10.

If you have put on weight, do you eat less than you usually do?

Do you try to eat less at mealtimes than you would like to eat?

How often do you refuse food or drink offered because you are concerned about
your weight? *

Do you watch exactly what you eat?

Do you deliberately eat foods that are slimming?

When you have eaten too much, do you eat less than usual the following days?
Do you deliberately eat less in order to not become heavier?

How often do you try not to eat between meals because you are watching your
weight?

How often in the evening do you try not to eat because you are watching you
weight?

Do you take into account your weight with what you eat?
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Note. Participants are instructed to consider if each item is true about themselves.. All
items are reported on a 5-point Likert scale from 1 (“never”) to 5 (“very often).
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APPENDIX C

Supplementary Visual Materials for Adjusted Structural Equation Models with Covariates

Figure C.1. Path Diagram for Adjusted Cross-lagged Panel Analysis among Food Addiction,

Dietary Restraint, and Covariates (Age, Gender, and BMI z-score)

Age Sex BMI Z-score
(Time 1) (Time 1) (Time 1)
—1\
Path 5 Path 6 Path 7

Food Addiction | Fath3 Food Addiction | Path3 Food Addiction

(Time 1) (Time 2) (Time 3)
Path 1 Path 1
Path 2 Path 2
Dietary Restraint Dietary Restraint Dietary Restraint
(Time 1) Path 4 (Time 2) Path 4 (Time 3)
Path 6 Path 7 Path 8
l
Age Sex BMI Z-score
(Time 1) (Time 1) (Time 1)

Note. Path 1: food addiction as a predictor for future dietary restraint; Path 2: dietary restraint as a
predictor for future food addiction; Path 3: auto-regressive path for food addiction over time; Path 4:
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auto-regressive path for dietary restraint over time; Paths 5, 6, and 7: confounding effects of covariates
(age, gender, and BMI z-Score).

Table C.1. Standardized Regression Coefficients from Adjusted Structural Equation

Models with Covariates

Path  Predictor Outcome b SE zZ 9150 Oé;e(r:l 93;251
1 Food addiction Dietary restraint 022 006 376 <.001 0.11 0.34
2 Dietary restraint Food addiction 0.07 006 122 0.22 -0.04 0.17
3 Food addiction Food addiction 0.58 0.05 10.84 <.001 0.48 0.68
4 Dietary restraint Dietary restraint 0.55 006 920 <.001 0.43 0.66
5 Age Dietary restraint 0.01 0.05 025 .80 -0.09 0.12
6 Gender Dietary restraint 0.05 0.11 044 .66 -0.16 0.26
7 BMI Dietary restraint 0.10 0.06 1.62 .10 -0.02 0.23
8 Age Food addiction 0.09 005 192 .06 -0.002 0.19
9 Gender Food addiction 0.15 0.10 147 .14 -0.05 0.34
10 BMI Food addiction 0.01 0.06 0.18 .86 -0.11 0.13

Note. X2(22) =79.74; SRMR = 0.14; CFI = 0.83. A post-hoc sensitivity analysis using pwrSEM (Wang &

Rhemtulla, in press) with 10,000 simulations and a seed of 23 indicated that our model had 99% power to
detect an effect of this size for Path 1, and 28% power to detect an effect of this size for Path 2. Predictor
variables were measured at T1, outcome variables were measured at times T2 and T3.

67



APPENDIX D

Associations between Maternal Risk Factors and Infant Eating Behaviors and Risk

for Overweight at 4-months without Covariates

Table D.1. Associations between Maternal Risk Factors and Infant Eating Behaviors and

Risk for Overweight at 4-months without Covariates (n = 204)

CI (95%), OR
Infant

Model Maternal IV DV n B SE Sig. Lower Upper
Food Addiction (YFAS) -0.03  0.03 97  0.05 0.05

1 Dietary Restraint (DEBQ-R) EF 192 -0.10  0.05 16 -0.15 0.03
Pre-pregnancy BMI 017  0.01 03 000 0.02
Food Addiction (YFAS) 018  0.04 02 0.00 0.01

2 Dietary Restraint (DEBQ-R) FR 189 -0.13  0.07 08  -0.23 0.02
Pre-pregnancy BMI -0.02  0.01 78 -0.02 0.01
Food Addiction (YFAS) -0.07  0.05 36 -0.14 0.05

3 Dietary Restraint (DEBQ-R) GA 188 -022  0.09 <01 -0.44 -0.10
Pre-pregnancy BMI 029 0.01 <001 0.02 0.05
Food Addiction (YFAS) -0.11 0.01 34 -0.04 0.01

4 Dietary Restraint (DEBQ-R) SR 79 0.24 0.03 .03 0.01 0.11
Pre-pregnancy BMI 011  0.00 33 0.00 0.01
Food Addiction (YFAS) 028 0.13 04 10 1.7

5 Dietary Restraint (DEBQ-R) ow 198 -0.02 0.28 .93 0.6 1.7
Pre-pregnancy BMI 0.05 0.03 .06 1.0 1.1

Note. CI = confidence interval, OR = odds ratio, YFAS = Yale Food Addiction Scale 2.0; DEBQ = Dutch
Eating Behaviors Questionnaire, Restraint subscale; BMI = body mass index, DV = dependent variable, EF

= Enjoyment of Food (BEBQ subscale), FR = Food Responsiveness (BEBQ subscale), GA = General

Appetite (BEBQ subscale), SR = Sucrose Response (Rios et al., 2020), OW = Risk for Overweight (WHO,
2014). Standardized beta coefficients ([3) are reported to allow for comparison across models.
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