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Highlights
Highly processed (HP) foods are associated with changes in reward functioning and the
development of addictive-like eating behaviors.
HP food addiction is associated with negative outcomes (e.g., elevated BMI, increased
binge eating) at every life stage.
The study of food addiction across the lifespan has importi nt implications for treatment

and the adaptation of public policy.



Abstract
Evidence is growing that highly processed (HP) foods (i.e., foods high in refined

carbohydrates and fat) are highly effective in activating reward systems and may even be capable
of triggering addictive processes. Unlike traditional drugs of abuse, exposure to HP foods is
common very early in development. HP food addiction has been associated with negative
outcomes, including higher body mass index (BMI), more frequent binge eating, greater failure
in weight loss treatment trials, and poorer mental and physical hea’th. Although most research on
HP food addiction has been conducted using adult samples, rese act, on this topic now spans
across the life span beginning in utero and extending throuat, old¢ r adulthood. HP food addiction
and related reward-based changes are associated with ne.gauve outcomes at every life stage,
which has important implications for development~i. tailored prevention and treatment efforts.
Using a developmentally informed approach, *he ~urrent study comprehensively reviews the
existing research on HP food addiction across the lifespan and highlights important areas of

future research.
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Introduction

Since the 1970s, the rate of obesity in the United States has been rising across the
lifespan (Kranjac & Wagmiller, 2016). Although many factors contribute to obesity, the biggest
factor is arguably the dramatic changes that have occurred in the modern food environment
(Bentley, Ruck, & Fouts, 2020; Willett et al., 2019). Highly processed (HP) foods that have
artificially high levels of refined carbohydrates (e.g., white flour, sugar), fat, and salt now
dominate the food environment (Monteiro et al., 2018). HP foods ar. engineered to be highly
rewarding and they are easily accessible, inexpensive, and he.*ly arketed (Moodie et al.,
2013). Growing evidence in both animals and humans suaysts HP foods may be capable of
triggering addictive processes that drive compulsive patte. s of intake (Ahmed, Guillem, &
Vandaele, 2013; Davis, 2013; Small & DiFelice~n:nivy, 2019). Exposure to these potentially
addictive HP foods is widespread and occt s &' every stage of development from in utero to
older adulthood (Bueno, Marchioni, Cés.”. & Fisberg, 2012; Whisner et al., 2015). Exposure to
addictive substances early in develrnm r_increases vulnerability for problematic patterns of use
(Hingson, Heeren, & Winter, 206). i-or most addictive substances, initial exposure occurs in
adolescence or early adulth~ou “Hingson et al., 2006). By contrast, exposure to HP foods occurs
very early in developmer.* ror example, the World Health Organization recently issued an alert
about the excessive levels of added sugars (>30% of calories from sugar) in baby food (Beal,
2020). Moreover, 84.4% of infants and toddlers consume added sugars on a given day (Herrick,
Fryar, Hamner, Park, & Ogden, 2020). Thus, it is essential to consider how the potentially
addictive nature of HP foods may negatively affect people of all ages.

In the current manuscript, we conducted a narrative review of the existing research on

how exposure to HP foods may result in reward-related differences and HP food addiction across



the lifespan. We identified the research studies through independent searches by all study authors
via a variety of databases (Google Scholar, PsycINFO, and PubMed) and reference sections of
relevant articles. We considered relevant studies regardless of study design and year of
publication. However, we included only research reported in English. Our aim was to provide a
developmentally informed analysis of existing studies and to highlight important areas of future
research to enhance our understanding of HP food addiction across all age groups.
Prenatal Risk Factors for HP Food Addiction

The impact of exposure to HP foods begins before birt: ~!*iough most research focuses
on understanding how maternal undernutrition impacts pos.~atal weight and dietary outcomes,
some studies have examined the impacts of maternal ove: utrition or HP food consumption
(Howie, Sloboda, Kamal, & Vickers, 2009). Obsa: ati ynal studies show associations between
maternal gestational diabetes or excessive weir,ht gain and child adiposity in the first years of life
(Godfrey, Barker, Robinson, & Osmona, 1997; Oken, Levitan, & Gillman, 2008; Stettler et al.,
2000). Maternal consumption of HP fod; and calorically dense diets are linked to increased risk
of obesity and related health proilems for offspring from birth through adolescence (Silverman,
Rizzo, Cho, & Metzger, 1°78,. Furthermore, maternal diet during pregnancy is linked to changes
in infant eating behavior. tood preferences, and weight trajectories (Anzman, Rollins, & Birch,
2010). Such studies provide a theoretical basis to suggest that prenatal exposure to HP foods via
maternal diet may be an early risk factor for addictive patterns of consumption later in life.

Converging evidence from non-human animal studies also highlights the importance of
the in utero food environment on food preferences, eating behaviors, and body mass (Gugusheff,
Ong, & Muhlhausler, 2015). Rats born to mothers fed a palatable “junk food” diet of HP foods

during gestation show an amplified preference for HP foods over healthy chow and eat beyond



caloric need (Bayol, Farrington, & Stickland; Ong & Muhlhausler, 2011). In order to further
isolate the effects of exposure to HP foods before birth, some studies have utilized a cross-
fostering paradigm. This paradigm allows offspring born to mothers fed a junk food diet to be
transferred to mothers fed control diets (and vice versa) immediately after birth. In an early
cross-fostering study, prenatal exposure to HP foods induced an exacerbated preference for HP
foods and a predisposition for obesity in the offspring, regardless of maternal diet after birth
(Chang et al., 2008). However, two follow-up studies concluded tha. additional exposure to HP
foods after birth may also be necessary (Naef et al., 2011; Vurztie 2t al., 2010) or even sufficient
(Gugusheff et al., 2013) to produce these effects. Gugushei. and colleagues also propose that the
effects of prenatal exposure to HP foods have the potenti.' 10 be reversed with a healthy maternal
diet during the lactation/suckling period (2015). D.pi‘e the strength of the non-human animal
literature, translational experimental studic s w’ch humans are needed (e.g., nutritional
interventions for pregnant women that ar. to reduce intake of HP foods during gestation and
assesses eating behaviors of the chi'd [.te, in life).

It is important to note th..* the development of flavor preferences may play a role in the
association between prenat-! e.-=osure to HP foods and maladaptive outcomes post-birth.
Exposure to certain flave:s in utero influences the likelihood of postnatal acceptance of those
flavors by the infant (Mennella, Jagnow, & Beauchamp, 2001; Schaal, Marlier, & Soussignan,
2000). High maternal consumption of HP foods, particularly in place of non-HP foods, may limit
an infant’s likelihood of accepting healthier foods (e.g., vegetables; Anzman et al., 2010). In
turn, infant flavor preference continues to shape the child’s diet composition as soon as solid
foods are introduced (Anliker, Bartoshuk, Ferris, & Hooks, 1991; Mennella, Nicklaus, Jagolino,

& Yourshaw, 2008). Thus, through flavor conditioning, prenatal exposure to HP foods in utero



may influence preference for HP foods over healthier options. Such predispositions appear to
have important implications for ongoing eating behaviors and weight outcomes throughout the
lifespan and should be a major focus of future research efforts (Eichen, Chen, Schmitz, Arlt, &
McCloskey, 2016; Loxton & Tipman, 2017; Schulte, Grilo, & Gearhardt, 2016).

In addition to the potential effects of prenatal exposure to HP food intake, prenatal
exposure to substance use may also have implications for the development of HP food addiction
across the lifespan. In a meta-analysis of 14 observational studies, p\ ~natal exposure to maternal
cigarette smoking was identified as a consistent risk factor for 2\«e."veight and obesity from ages
3 to 33 (Oken et al., 2008). Some observational studies hav. also identified prenatal exposure to
maternal alcohol use as a risk factor for overweight and o..=sity in youth ages 2 to 19 (Fuglestad
et al., 2014; Werts, Van Calcar, Wargowski, & $n.“n. 2014). Although these studies establish
that prenatal exposure to substance use me / be a critical risk factor for overweight and obesity,
there is less research investigating whetr.or prenatal exposure to substance use increases risk
specifically for HP food addiction.

In particular, if prenatal «xposure to substance use selectively impacts the intake of HP
foods, but not less process2d 1o~ ds (Schulte, Avena, & Gearhardt, 2015), this would provide
further support that prenc.*al exposure to substances is directly related to the development of HP
food addiction. Some evidence for this theory already exists. For example, in one observational
study, prenatal exposure to maternal cigarette smoking predicted greater fat intake among
adolescents ages 13 to 19 (Haghighi et al., 2013). Additionally, in our own analysis of data from
the Fragile Families and Child Wellbeing Study (N = 4,898), prenatal exposure to maternal
cigarette smoking and alcohol use predicted greater HP food (i.e., soda, candy or sweets) intake

among 5-year-old youth but did not predict the intake of other foods (i.e., fruits and vegetables;



Cummings & Gearhardt, in press). Furthermore, prenatal exposure to maternal illicit drug use
predicted greater HP food intake (but did not predict intake of other foods) among youth at ages
5,9, and 15 (Cummings & Gearhardt, in press). These results suggest that prenatal exposure to
substances may have lasting effects on HP food intake during childhood and adolescence.
However, more research is needed, and these observational studies are limited in identifying
potential mechanisms.

One mechanism that potentially explains the effects of prena.~l exposure to both HP food
intake and substance use on risk for HP food addiction is alterz 1.cural-reward circuitry. In
bovine and rodent models where offspring are prenatally exnosed to high-calorie or HP diets,
offspring show amplified opioid and dopamine signaling " e., increased sensitivity of p-opioid
receptor and dopamine active transporter) at six *nv.7:ks of age (Muhlhausler, Adam, Findlay,
Duffield, & McMillen, 2006; Ong & Muh’ au-.ler, 2011). These are the same neural pathways
that underlie the compulsive consummavcty behaviors characteristic of addiction (Adinoff, 2004)
and are associated with heightened rrei~rznce for HP foods across the lifetime (Bayol,
Farrington, & Stickland, 2007: Cng o« Muhlhausler, 2011). Moreover, in rodent models where
pups are prenatally expose to ~wdictive substances (i.e., alcohol, cocaine, morphine, marijuana,
and nicotine), they demo. strate similar changes to neural-reward circuitry (Malanga &
Kosofsky, 2003). They are also more responsive to multiple drugs as shown in intravenous self-
administration, intracranial self-stimulation, and conditioned place preference paradigms
(Malanga & Kosofsky, 2003). Prenatal exposure to HP food intake and substance use may
therefore impact the risk for HP food addiction through neural reward mechanisms, but more
research is needed.

HP Food Addiction Risk in Newborns and Infants



The first years of life are a critical period where early exposure to HP foods may have
high potential for lifelong effects on food preference, eating behavior, and obesity risk (Anzman
et al., 2010). Neural plasticity is highest in early development, allowing phenotypic, epigenetic,
and genetic potential to be dramatically altered by environmental factors (Gluckman & Hanson,
2008). As such, any relations between increased HP food consumption and dietary preferences
for high-sugar or high-fat foods (Thanarajah & Tittgemeryer, 2020) or excessive eating
behaviors (Schulte et al., 2015) may be particularly impactful duriry this stage of life.
Furthermore, children at this age may also be especially vulnezzhic o developing predilections
for HP foods due to their enhanced preference for sweeter 1 »ods compared to adults (Schwartz et
al., 2009). This is crucial to consider because infants in t1,.> JS are often exposed to HP foods
within the first year of life (Archibald, Dolinsky ¢ Azad, 2018). Additionally, infancy is a
period of rapid learning marked by import’ nt t-ansitions in consummatory behaviors (Alberts,
1994) and evidence indicates that early 1= eating habits tend to persist over time (Fletcher et al.,
2017; Rose, Birch, & Savage, 2017}

From the beginning of 1. %, neural reward mechanisms in response to HP foods influence
eating behaviors. Sucrose. i p2vicular, activates the endogenous opioid system, which underlies
experiences of pleasure «.xd nedonic response (Berridge, Ho, Richard, & DiFeliceantonio, 2010).
Babies are born liking sugar, and individual differences in hedonic reactivity to sweetness can be
measured within the first weeks of life (Anzman et al., 2010; Steiner, 1974). Young children who
have stronger hedonic response to HP foods may be more likely than their lower-hedonic
response counterparts to exhibit non-homeostatic eating behaviors (i.e., consuming HP foods
over healthier alternatives, overconsuming HP foods beyond caloric need, continuing to eat HP

foods even when satiated; Ziauddeen, Alonso-Alonso, Hill, Kelley, & Khan, 2015). Therefore,



inherent hedonic responsiveness and access to HP foods immediately after birth are important
risk factors for adverse eating and weight outcomes.

Sucrose also has well-documented analgesic effects in newborns (Lumeng et al. 2020)
and provides a precise index of opioid reward functioning during this period (Segato et al., 1997,
Blass et al., 1987; Bertino et al., 1991; Fatino et al., 1986). The ability of sucrose to act as an
analgesic in the newborn stage is associated with hedonic response to sweet food, propensity to
overeat, and adiposity (Pepino & Mennella, 2005; Lumeng et al., 2020). Furthermore, individual
differences in behavioral pain-blocking effects of sucrose in th2 ncr.oorn period are associated
with greater infant weight gain (Lumeng et al., 2020). Indiv*dual differences in the analgesic
effects of sucrose appear to remain relevant to sweet taste references in childhood, although this
association was less pronounced in children witk ¢ en veight or risk of overweight (Pepino &
Mennella, 2005). This may be explained k' ev.dence that chronic consumption of foods higher
in carbohydrate and sugar modifies opio:a functioning (Colantuoni et al., 2001; Levine et al.,
2003) and interferes with the analge-ic ~f.ects of sucrose (Kanarek et al., 1997; D'Anci et al.,
1996). These combined findings nrovide support for a conceptual model in which stronger opioid
response to sucrose in new i, < predicts enhanced preference and intake of sweet foods across
the lifespan, thereby preusposing such individuals to overeating, overweight, and dampened
analgesic response to sucrose over time.

Patterns of HP food consumption in early development may also set the stage for HP
food addiction later in life. While hedonic response predicts intake of HP foods, intake of HP
foods also exacerbates hedonic response (Bayol et al., 2007). In non-human animal models,
repeated overconsumption of HP foods results in neurobiological changes in reward-related

regions of the brain (e.g., increase of extracellular dopamine in the nucleus accumbens)



mimicking the effects of other drugs of abuse (Avena, Rada, & Hoebel, 2008). In turn, these
neurobiological adaptations lead to the onset of behaviors associated with addiction (Lischer &
Malenka, 2011). Thus, excessive exposure to HP foods in infancy may create long-term changes
to neural reward systems especially among infants inherently more reward responsive to HP
foods (Davis, Strachan, & Berkson, 2004; Stice, Spoor, Bohon, Veldhuizen, & Small, 2008).
Despite this, few studies have examined how consumption of HP foods in the earliest stages of
development may have long lasting effects on neural reward functiv."ing in human populations
(Sullivan, Smith, & Grove, 2010; Crume et al., 2016; Martin et 2y, 2016). This will be an
important direction for future research to further our unders:anding of complex and
multidirectional relationships between hedonic response «.>a HP food consumption.
Collectively, these findings illustrate how ¢~ ¢lv life predispositions and exposures may
lead at-risk infants to be particularly vulne abl’. to HP food addiction throughout the lifetime.
Specifically, constructs such as reward re~oonsivity and food preference in infancy appear to
have utility in predicting obesity an~ H? ‘ood addiction later in life. Considering how early
markers of reward are indicative 2f addictive phenotypes is critical to advancing our
understanding of etiologic~' ta>turs and the application of intervention approaches earlier in the
lifespan. Furthermore, iaonuftication of environmental features that promote the consumption of
healthy foods and reduce the overconsumption of HP foods in the earliest stages of development
may be particularly important for minimizing negative eating-related outcomes. Financial
incentives for parents to select healthier food options, the provision of nutritional information for
all food products and menus, removal of HP foods in schools and children’s programs, and the

inclusion of more healthy food choices in home and school settings have all been identified as



potential strategies warranting further research attention (Lowe, 2003; Goldman, Radnitz, &
McGrath, 2012; Fox et al., 2004).
HP Food Addiction in Middle Childhood

HP food addiction in childhood is a growing area of interest due to increasing levels of
childhood obesity and diet-related disease (Hales, Fryar, Carroll, Freedman, & Ogden, 2018). As
such, developmentally sensitive measures have been created to determine if HP food addiction
may contribute to the rise of obesity and other problematic eating ke:raviors early in childhood.
The Yale Food Addiction Scale for Children (YFAS-C) is a ccmn.2uly used measure of HP food
addiction in children and has been validated in samples ranging from 4 to 18 years old
(Gearhardt, Roberto, Seamans, Corbin, & Brownell, 201, The YFAS-C was developed as a
self-report measure (Gearhardt, et al., 2013), but p.>-en.-report versions have been used with
younger children (Burrows, et al., 2017). I’am< on the YFAS-C represent symptoms of DSM IV
substance dependence (e.g., loss of conti 2!, inability to cut down, withdrawal, tolerance) to probe
for symptoms of addictive-like eati~A.

The prevalence of HP food audiction in childhood varies by sample, ranging from 4-to-
24% (Filgueiras et al., 2012 L>':rent & Sibold, 2016). However, an even greater proportion of
children meet criteria for *hree or more symptoms of HP food addiction, but do not meet clinical
levels of distress or impairment (Filgueiras et al., 2019; Gearhardt et al., 2013). HP food
addiction in childhood is associated with increased emotional eating, greater ad libitum food
intake in laboratory settings, higher body mass index (BMI), increased consumption of HP foods
and added sugars, and appetitive responsiveness (Filgueiras et al., 2019; Gearhardt et al., 2013;
Laurent & Sibold, 2016). Due to these negative associations, HP food addiction appears to be a

clinically relevant condition in childhood.



Like enhanced hedonic responsivity in infancy, enhanced reward sensitivity to HP foods
in childhood has been proposed as an important risk factor for the development of HP food
addiction (Stice & Burger, 2019; Stojek & MacK:illop, 2017). Reward sensitivity in childhood
can be assessed in many ways. Behavioral tasks measuring the relative-reinforcement value
(RRV) of food (e.g., willingness to work for food reward over alternative reinforcers) and degree
of eating beyond homeostatic need (e.g., eating in the absence of hunger (EAH)) are particularly
well utilized (Epstein, Paluch, Roemmich, & Beecher, 2007; Fishe: > Birch, 1999; Temple,
Legierski, Giacomelli, Salvy, & Epstein, 2008). In a sample of ~h,!Z,en aged 8-10 years old,
greater RRV for food was positively associated with increa.2d caloric intake, higher body
weight, and amplified obesity risk (Temple et al., 2008) ' inilarly, a systematic review of 19
cross-sectional and prospective EAH studies in ch.! sre.) aged 3-12 years old found that EAH was
positively correlated with increased weigh’ gai 1, and overweight and obese weight status
(Lansigan, Emond, & Gilbert-Diamond, 2015). Thus, childhood RRV and EAH studies suggest
that reward sensitivity may be an ir-no. 2.t risk factor for HP food addiction in childhood.

Another growing area or ‘nteiest is the potential existence of a withdrawal syndrome in
children with HP food add’~tic~ . In substance use disorders, withdrawal refers to the cascade of
aversive physical, affecti '2, and cognitive symptoms that occur when use of an addictive
substance is reduced or stopped (American Psychiatric Association, 2013). Avoidance of
withdrawal often serves as a barrier to initiating quit attempts and experiences of withdrawal are
one of the most powerful predictors of relapse (Connors, Maisto, & Donovan, 1996). Pediatric
weight loss studies have extremely high attrition rates, with up to 73% of families dropping out

of treatment, often within the first few weeks (Skelton & Beech, 2011). Withdrawal from HP



foods may therefore be an important, understudied contributor to families’ lack of treatment
adherence.

Preliminary research suggests that children experience a withdrawal syndrome when their
parents restrict access to HP foods. The Highly Processed Food Withdrawal Scale for Children
(Prows-C) was developed to measure parent-reported HP food withdrawal in children ages 3 to
11, and examines physical, affective, and cognitive symptoms (i.e., physical, affective, and
cognitive; Parnarouskis, Schulte, Lumeng, & Gearhardt, 2020). Hiy:. scores on the ProwS-C are
associated with higher levels of parent-reported child HP food cauizuaon and higher child BMI. A
recent qualitative study also found that, when children werc not able to access sugar-sweetened
beverages, they reported cravings and negative affective s «nptoms (Sylvetsky et al., 2020). To
confirm and expand upon these preliminary find*ny» o© HP food withdrawal in children, future
prospective research using multiple inform ants (i.e., teachers, self-report for older children) is
needed. Furthermore, it will be necessary to determine if this pattern of behavior is specific to
HP foods or if it also occurs when » ~h,'d s access to any rewarding stimulus is restricted.

The concept of children ¢ < young as three years old experiencing withdrawal is novel, as
most addictive substances e > commonly used until adolescence or early adulthood (Johnston
et al., 2019). In order to u~velop effective interventions, it will be important to understand how
addictive processes like withdrawal present differently in children compared to adolescents and
adults. Even if the HP food withdrawal symptoms in children are relatively mild compared to
substances like nicotine, they should be addressed directly due to the potential for addictive
processes to harm long-term development. Future research should continue to examine this
construct in younger children.

HP Food Addiction in Adolescents



Due to biological, psychological, and social changes, adolescence is a high risk period for
the consumption of addictive substances (Gray & Squeglia, 2018). Although most adolescents do
not go on to develop clinical levels of pathology, persistent use of substances during adolescence
is highly associated with the development of substance use disorders later in life (SAMHSA,
2017). Adolescent substance use is also associated with cognitive consequences (e.g., slower
psychomotor speed, poor verbal memory, poor visuospatial functioning) and negative
psychological experiences (e.g., anxiety, depression), although the u.vectionality of these
associations remain unclear (Fishbein, Rose, Darcey, Belcher & \'z.1Meter, 2016; Nguyen-
Louie et al., 2015).

Adolescence is also a high risk period for the deve'spment of obesity (Abarca-Gomez et
al., 2017) and epidemiological research indicates 1.~ 1t t.1e prevalence of obesity in adolescence is
growing (Hales et al., 2018). Adolescents  (so Jemonstrate a stronger preference for sweeter
substances relative to young adults, pote *ially making them more prone to the overconsumption
of HP foods (Mennella, Lukasewyr~ Cri‘fith, & Beauchamp, 2011). Furthermore,
neurobiological research indicaw s that adolescents whose parents are overweight show increased
reward circuitry activity ir vasp~ase to food cues, despite being normal weight (Stice, Yokum,
Burger, Epstein, & Smai., 2011). In adults, elevated reward activity is associated with lower
weight loss success, suggesting that these adolescents may be at risk for future weight concerns
(Murdaugh, Cox, Cook 111, & Weller, 2012). In light of these findings, research into HP food
addiction in adolescence is of critical importance.

Research on HP food addiction in adolescents is growing. Prevalence rates vary by
sample, ranging from 2.6% in a community sample of Dutch adolescents to 38% in a sample of

adolescents with obesity seeking weight loss treatment (Meule, Hermann, & Kibler, 2015; Mies



etal., 2017). The most common symptoms endorsed by adolescents are the inability to cut down,
use despite negative consequences, and giving up important activities. Symptoms such as
tolerance and withdrawal are less common (Albayrak et al., 2017; Meule et al., 2015; Schulte,
Jacques-Tiura, Gearhardt, & Naar, 2018). HP food addiction in adolescence is associated with
numerous consequences including elevated added sugar intake, elevated consumption of HP
foods, objective binge episodes, objective over eating, more frequent food cravings, higher rates
of depression, and increased motor and attentional impulsivity (Lir,, 'mani, Griffiths, & Pakpour,
2020; Mies et al., 2017; Schulte et al., 2018; Zhao et al., 2018). Eu:*iermore, one study found
that adolescents with HP food addiction completing outpauont weight loss treatment were more
likely to leave treatment early compared to their peers wa.>out HP food addiction (Tompkins,
Laurent, & Brock, 2017). Similar results have bee,> (o1.nd for adolescents outside of the US
suggesting that HP food addiction in adole <cer ce may be relevant across cultures (Ahmed,
Sayed, Mostafa, & Abdelaziz, 2016; Boi.<enkov, Tserne, & Bakutova, 2018; Chen, Tang, Guo,
Liu, & Xiao, 2015).

Although many aspects ¥ HF food addiction in adolescence parallel HP food addiction
in childhood and adulthoo”, st e associations differ. For example, although dietary restraint
(e.g., intentions or actior. to restrict food intake) is not associated or is negatively associated
with food addiction in children and adults (Carter, Van Wijk, & Rowsell, 2019; Gearhardt,
Corbin, & Brownell, 2016), positive associations have been found in adolescence (Schiestl &
Gearhardt, 2018). Additionally, Richmond, Roberto, & Gearhardt (2017) found that symptoms of
HP food addiction were associated with greater ad libitum calorie intake in children ages 4 to 8,
while no association was found between HP food addiction and calorie intake in older children

and adolescents (ages 9 to 16). The lack of association in older children may be a manifestation



of dietary restraint due to increasing body shape and weight concerns that do not yet exist in
younger children (Richmond, Roberto, & Gearhardt, 2017). Furthermore, in adulthood, perpetual
attempts and failures to engage in dietary restriction may reduce motivation to continue dieting
over time (Gearhardt et al., 2016), potentially eliminating the association between HP food
addiction and dietary restraint. Interestingly, some studies conducted outside of the US did find a
positive relationship between cognitive restraint and HP food addiction in young adult samples
(Aloi et al., 2017; Brunault et al., 2017; Khine et al., 2019), suggesa.a that there may be cultural
differences. However, it is important to note that these studies e, > conducted on samples of
college students where body image concerns may still be ac7elopmentally relevant (Maezono et
al., 2019). It will be important for future research to focus =n how the correlates of HP food
addiction vary cross-culturally and based on the sc-«l pressures associated with different
developmental stages.

One potential barrier to examining food addiction in adolescence may be related to our
current clinical conceptualization of su.<*ance use disorder. When the DSM-5 was released,
symptoms of addiction became . ~ore problem-focused, with approximately half of the symptoms
relating to the consequence- o: ''se (e.g., interpersonal problems, failure to fulfil obligations;
American Psychiatric Ascaciation, 2013). Compared to adults, addictive-eating in adolescence
may not have resulted in significant consequences, which could emerge later on in the
progression of the disorder (Piontek, Kraus, Legleye, & Buhringer, 2011). Supporting this
hypothesis, one study found that adolescents endorsed symptoms such as craving, loss of control,
and the inability to cut down on HP foods, while they did not endorse symptoms such as
interpersonal problems, use in hazardous situations, and giving up activities (Schiestl &

Gearhardt, 2018). When a dimensional rather than a categorical approach to scoring was



employed with this sample, food addiction was positively associated with emotional eating,
eating to cope, and BMI z-score even when symptom thresholds were not met (Schiestl &
Gearhardt, 2018). This suggests that it may be necessary to conceptualize and approach the
measurement of HP food addiction in adolescents differently than adults, emphasizing the
importance of more sensitive scoring procedures. In light of these results, it will be important for
future researchers to determine how the nature of HP food addiction differs between children,
adolescents, and adults.

The presence of HP food addiction symptoms during 2Z~22ence may also have unique
consequences for the development of substance-related ber.cviors. Indeed, during adolescence,
many youth have their first experiences with substances 1< tobacco, cigarettes, or alcohol
(Steinberg, 2008). One possible consequence of H.> foud addiction earlier in development is
cross-sensitization, or the phenomenon wt »re “.ensitization to one drug causes an increased drug-
seeking response to another type of drug {Avena & Hoebel, 2003). In a landmark study, Avena
and Hoebel (2003) found that rats f~munstrating signs of sugar dependence showed an increased
drug-seeking response to amphe.amunie through cross-sensitization relative to rats that only ate
chow. These findings sugeost (~.t the presence of HP food addiction symptoms during
adolescence could poten.ally increase vulnerability to the rewarding effects of substances when
adolescents first try them.

Another possible consequence of HP food addiction in this age group is that adolescents
may become motivated to use substances as a way to reduce HP food intake. For example,
adolescents who have concerns about their body weight and engage in dieting behaviors are
more likely to smoke tobacco cigarettes (Potter, Pederson, Chan, Aubut, & Koval, 2004). A

small group of observational studies also shows that younger adolescents who gain more weight



are more likely to smoke cigarettes later in adolescence and early adulthood (Gearhardt, Waller,
Jester, Hyde, & Zucker, 2018; Huang, Lanza, Wright-Volel, & Anglin, 2013; Lanza, Grella, &
Chung, 2015).

However, a growing body of research shows negative associations between greater body
mass and other substance use. For instance, individuals with chronically-obese versus non-obese
growth trajectories from age 6 to 18 were less likely to initiate alcohol use at age 14 or to binge
drink across adolescence (Huang et al., 2013). Furthermore, adolesc.1ts with obese versus non-
obese growth trajectories from age 8 to 21 had fewer drinking 27w icit drug problems in early
adulthood (Gearhardt et al., 2018). Results of these studies .re In accordance with the food-drug
competition hypothesis, or that greater HP food intake mi_*it “compete” with substance use via
adaptations in shared neural-reward pathways (Ge.'na dt & Corbin, 2009). Indeed, one study
that specifically examined associations be* vee | HP food intake and alcohol use across
adolescence found that adolescent wome.> who ate more high-fat and -sugar foods from age 16 to
19 were less likely to drink alcohol -t t.ee ages (Cummings, Ray, & Tomiyama, 2017). In sum,
the emergence of HP food addic.ion symptoms during adolescence could potentially increase or
decrease risk for greater si*»si.~.e-related behaviors. More research is needed to identify under
what conditions, for who.m, and why these effects may emerge.

Parenting Factors Relevant to HP Food Addiction from Infancy through Adolescence
Parents play an important role in their children’s eating patterns, which may have
implications for the development of HP food addiction. In substance use disorder research, three
key mechanisms for intergenerational transmission of the disorder have been identified: a direct

genetic route (i.e., a child inherits vulnerabilities that increase the likelihood of substance use),

an epigenetic route (i.e., environmental factors like in utero substance use increase a child’s risk



for later use), and a social learning route (i.e., the child learns the behavior by observing and
imitating parents) (Elam, Sternberg, Waddell, Blake, & Chassin, 2020; Pasqualini, Pieroni, &
Tomassini, 2019). The HP food addiction perspective posits that genetic and epigenetic
mechanisms of HP food addiction may broadly mirror those seen in substance use disorder
(Davis & Bonder, 2019). However, social learning mechanisms may be especially relevant to HP
food addiction because, unlike with substance use, parents play a direct role in feeding their
children and teaching them what, how, and when to eat (Yee, Lwin, & Ho, 2017).

Most recent research on infant feeding has focused on *~=,z'e of maternal sensitivity to
infants’ hunger and satiety cues (Hetherington, 2020). Per vis line of research, mothers risk
overfeeding their infants if they feed according to their nv."v ideas about when and how much is
appropriate (Hetherington, 2020). The proposed sc' itivn is responsive feeding, in which mothers
feed only in response to their infants’ hung »r 2.1d satiety cues (Hetherington, 2020). Some
responsive feeding interventions have beon found to aid in preventing rapid weight gain in
infants (Daniels et al., 2012; Savag~. B."rn, Marini, Anzman-Frasca, & Paul, 2016). However,
these approaches may place unu.'e biame on mothers for their children’s weight by neglecting
the fact that both the child=~n .~ the parents have unique characteristics that dynamically
interact. Recent research “ound that infants’ reward responsiveness to sucrose in the first weeks
of life for predicted weight outcomes at 9 and 18 months (Lumeng et al., 2020). This may reflect
innate tendencies for some infants to seek more food than others, which poses an important
limitation to feeding interventions that solely address parent responsiveness. Further research
illuminating how parent and child factors interact will allow for the development of more

compassionate feeding guidance for parents of infants with a higher reward drive for food.



Responsive feeding has also been suggested for children as their diets expand from
mostly milk or formula to a range of solid foods (Black & Hurley, 2017). Parents are advised to
decide which foods are available to their children and when, but to validate children’s feelings
and allow their children to decide how much to eat (Black & Hurley, 2017). Responsive feeding
interventions are generally accepted by parents of preschoolers (Ledoux, Robinson, Baranowski,
& O’Connor, 2018). However, a recent randomized controlled trial found that a responsive
feeding intervention did not produce significant differences in obesi. ’ prevalence during
children’s first two years of life (Morandi et al., 2019). The eff2u Zness of responsive feeding
strategies for mitigating children’s risk for HP food addictiu has not yet been explored.

To our knowledge, only one study to date has dire 1y examined the relationship between
parental feeding practices and HP food addictior (2urrows et al., 2017). This study found that
parents who engaged in more restriction ar d pressure to eat had children with more HP food
addiction symptoms (Burrows et al., 20.7). These findings are consistent with previous research
demonstrating that restriction was »~soci=.ced with eating in the absence of hunger (EAH) in 4-6
year old girls (Birch, Fisher, & C*avison, 2003) and increased adiposity (Spruijt-Metz, Lindquist,
Birch, Fisher, & Goran, 20°?,. ~lthough this preliminary research highlights a potentially
important relationship be*~veen parent feeding practices and child eating behavior, it does not
warrant the conclusion that parents are causing negative eating patterns in their children. In fact,
a longitudinal study found that parental restriction did not predict EAH at future age points
(Bauer et al., 2017). Thus, it remains unclear whether feeding practices like restriction and
pressure to eat cause children to develop addictive relationship with HP foods or if parents are

using restraint as an attempt to modulate the behavior of children that begin to display HP food



addiction. Future research that accounts for dynamic, dyadic relationships between parents and
children is necessary to make inferences about the direction of effects.

Research on childhood HP food addiction also highlights a positive association between
parent and child HP food addiction symptoms (Burrows et al., 2017). This pattern mirrors
substance use disorder research, which shows that children are more likely to develop a
substance use disorder if they have a parent with the condition (Merikangas et al., 1998). Parent
HP food addiction symptoms may be particularly important for chi.. diet change, as most
pediatric weight loss trials emphasize changing the diet of the z~u. 2 ramily (Chai et al., 2019.) If
parents and children are simultaneously experiencing symp.oms like loss of control and
tolerance, this may contribute to dynamics that underminc <itet change attempts. For example,
parents experiencing HP food addiction symptors *aa)/ be more likely to keep HP foods in the
home, thus providing more HP food cues f r b sth parents and children. This counters the advice
of family-based weight management progams, which emphasize reducing environmental cues
for HP foods and increasing enviro~metul cues for healthier foods like fruits and vegetables
(Wilfley, Hayes, Balantekin, Va.* Buien, & Epstein, 2018).

Likewise, there is » no.*.ve association between parents’ experiences of HP food
addiction and children’s «xperiences of HP food withdrawal (Parnarouskis et al., 2020). Parents
who reported more withdrawal symptoms in their children also reported less success at changing
their children’s diets (Parnarouskis et al., 2020). HP food withdrawal thus may be an overlooked
barrier to family-wide diet change, as parents and children may be experiencing withdrawal or
other symptoms of HP food addiction at the same time. It will be important for family-based
weight management programs to take this into account and address these symptoms in both

parents and children to potentially decrease attrition rates and improve outcomes for families.



During adolescence, it becomes developmentally appropriate for teens to seek
independence from their parents with regard to food choices (Kell, 2008) but continued parental
modeling of healthy eating may still be beneficial (Fleary & Ettienne, 2019). Teens and parents
negotiate autonomy around food in complex ways, which may have implications for HP food
addiction (Bassett, Chapman, & Beagan, 2008). For example, both parent concerns about their
children’s weight and adolescents’ food reward responsiveness were associated with adolescent
stress eating of HP foods (Smith et al., 2020). Given that adolescer... are at increased risk for
addictive behaviors (Gray & Squeglia, 2018), more research i< ~eczcd to probe dyadic
interactions between teens and parents and to develop sciei. ifically-informed methods for
parents to effectively guide their children as they transitic.> ©0 young adulthood.

HP Food Addiction in Early and Middle Adu'tl.~.oc

The majority of the research on HF focJ addiction has been conducted in early and
middle adulthood. Systematic reviews he ‘e been published that provide an in-depth view of this
literature (Meule & Gearhardt, 2012 P.'r.ey, Stanwell, Gearhardt, Collins, & Burrows, 2014).
Given these prior reviews, we w.'l briefly review key findings related to HP food addiction in
adulthood. The prevalence ~t “FAS food addiction in community samples within the US is 15%
(Schulte & Gearhardt, 2u"8) with higher rates found in clinical samples (i.e., 32% in patients
seeking bariatric weight loss surgery (Pepino, Stein, Eagon, & Klein, 2014) and 57 % in
individuals with obesity and binge eating, (Gearhardt et al., 2012)). Higher HP food addiction is
associated with higher BMI, waist-to-height ratio, binge eating episodes, and binge-type eating
disorders (e.g., binge eating disorder, bulimia nervosa; Borisenkov et al., 2020; Meule &
Gearhardt, 2019). The foods most strongly associated with food addiction are HP foods,

particularly those with a high glycemic index (i.e., cause rapid rises in blood glucose; Lennerz &



Lennerz, 2018; Schulte, Smeal, & Gearhardt, 2017). Furthermore, recent research suggests that
hyperinsulinemia in response to high-glycemic food intake may be responsible for driving
neurochemical changes associated with HP food addiction (Caravaggio et al., 2015; Caravaggio
et al., 2018; Dunn et al., 2012). However, more research into the direct mechanisms between
high-glycemic food intake and HP food addiction is needed.

HP food addiction during early and middle adulthood is also associated with heightened
cravings (particularly for HP foods) and increased motivations to ea. HP foods in response to
negative affect (Joyner, Schulte, Wilt, & Gearhardt, 2015; Me<'= 2. Kubler, 2012). Inhibitory
control difficulties, especially negative urgency and emotic.® dysregulation, are associated with
food addiction in adults (Borisenkov et al., 2020; Maxwe.! Gardiner, & Loxton, 2020; Murphy
& MacKillop, 2019; Murphy, Stojek, & MacKil'op 20 14). Additionally, HP food addiction is
associated with negative health outcomes, ncl.ding hypercholesterolemia (Flint et al., 2014),
and poorer psychological functioning (C. 20 et al., 2017). Although some studies have not found
HP food addiction to predict weigh* lo<~ *reatment outcomes (Chao et al., 2019), a recent large
scale study with over 600 patier..< found that HP food addiction was the biggest psychosocial
predictor of poor weight lecs w~utment outcomes (Fielding-Singh, Patel, King, & Gardner,
2019). Thus, HP food aa.'tcuon in adults likely has important clinical utility.

HP Food Addiction in Older Adulthood

Although research on HP food addiction in infancy, childhood, adolescence, and middle
adulthood is growing, few studies focus on HP food addiction in older adulthood (i.e., adults
ages 65 and older (Administration on Aging, 2020)). Previous generations of older adults
demonstrated decreasing rates of problematic substance use across the lifespan (Schulte & Hser,

2013). As such, older adulthood is often viewed as a low risk period. However, recent research



shows higher rates of illicit drug and substance use among older adults today relative to previous
generations (Yarnell, Li, Mac Grory, Trevisan, & Kirwin, 2019). Furthermore, as baby boomers
age into older adulthood, the number of older adults requiring substance use disorder treatment is
expected to rise to 4.4 million in 2020 (Gfroerer, Penne, Pemberton, & Folsom, 2003). Substance
use in older adulthood is highly correlated with medical complications such as hypertension and
liver disease relative to younger substance users (Yarnell et al., 2019). Additionally, due to age-
related neurobiological changes and the potential for negative interactions with prescribed
medications, drugs or alcohol can potentially exacerbate under!:n.; physical and mental health
conditions (Moore, Whiteman, & Ward, 2007). As such, su.»stance use in older adulthood
particularly risky.

In light of these findings, the examination v” H > food addiction in older adulthood is
critically important. To date, no study has -xar iined the prevalence or characteristics of HP food
addiction in older adulthood. In line witr, =arly research on substance use, one study did find
significantly lower endorsement of 4P frod addiction in a group of women aged 62-88 (2.7%)
relative to women 45-64 (8.4%, ~linvet al., 2014). However, if trajectories of HP food addiction
follow patterns of substan~~ u.~, rates of HP food addiction in older adulthood may increase.
Due to dramatic shifts in *he food environment, including increased access to HP foods in the
1970s and 80s (Bentley et al., 2020), cohort effects for HP food addiction may be especially
dramatic. Because HP foods were uncommon when current older generations were young, they
may have been protected from the development of HP food addiction. However, as younger
generations who were exposed to HP foods in childhood age into older adulthood, risk will likely
increase as early exposure to addictive substances increases the risk of substance use disorder

later in life (Hingson et al., 2006).



In light of these considerations, the examination of HP food addiction in older adulthood
is an important future direction. Researchers should examine the prevalence of HP food
addiction in older adulthood, with a specific focus on cohort effects due to differences in
childhood food environments. Additionally, researchers should determine if neurobiological and
cognitive changes that occur in older adulthood further increase the risk the HP food addiction
similar to other substances.

Conclusions and Future Directions

The changing modern food environment has influence~ inu®.1duals across all
developmental stages. HP foods are now cheap, accessible, ~nd nheavily marketed, leading to
their domination of the food supply. This review highlianz now HP foods may be implicated in
changes in reward functioning and the developmei * of HP food addiction across the lifespan. A
number of developmentally focused quest: ns ibout HP food addiction require further study.
Longitudinal studies that investigate the consequences of HP food exposure and HP food
addiction symptoms across the lifesar, will be extremely important for advancing our scientific
understanding. It will also be in. ortant to study cohort effects, as the degree of exposure to HP
foods across vulnerable periouc +f the lifespan (e.g., in utero, early childhood, adolescence) has
increased drastically in u.~ 1ast 40 years. A greater scientific understanding of HP food addiction
symptoms (and related mechanisms like reward dysfunction) across the lifespan will be essential
for the creation of effective prevention, treatment, and policy interventions that target critical
developmental periods. For example, interventions that aim to improve the diet quality of
pregnant mothers with HP food addiction may reduce the risk of inter-generational transmission.
Policies that reduce aggressive HP food marketing to adolescents may reduce triggers to overeat.

Moreover, to reduce excessive intake of HP foods in older adults with diet-related disease,



therapeutic approaches that target addictive mechanisms (e.g., urge surfing or
naltrexone/buproprin) may be needed to improve diet quality. In sum, deepening our knowledge
about HP food addiction across the lifespan may lead to clinical advancement and improved

health outcomes.



References

Abarca-Gomez, L., Abdeen, Z. A., Hamid, Z. A., Abu-Rmeileh, N. M., Acosta-Cazares, B.,
Acuin, C., ... Aguilar-Salinas, C. A. (2017). Worldwide trends in body-mass index,
underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416
population-based measurement studies in 128- 9 million children, adolescents, and adults.
The lancet, 390(10113), 2627-2642.

Adinoff, B. (2004). Neurobiologic processes in drug reward and addiction. Harvard Review of
Psychiatry, 12(6), 305-320. doi:10.1080/10673220490910844

Administration on Aging. (2020). A profile of older Americans: 2019. Retrieved from
https://acl.gov/sites/default/files/Aging%20and%20Disability%20in%20America/2019Pr
ofileOlderAmericans508.pdf

Ahmed, A. Y., Sayed, A. M., Mostafa, K. M., & Abdelaziz, E. A. (.216). Food addiction
relations to depression and anxiety in Egyptian adolescer (s. = gyptian Pediatric
Association Gazette, 64(4), 149-153. doi:10.1016/j.ep~g “C25.09.002

Ahmed, S. H., Guillem, K., & Vandaele, Y. (2013). Sugar ad icti )n: pushing the drug-sugar
analogy to the limit. Current Opinion in Clinical Nu'rition & Metabolic Care, 16(4), 434-
439. doi:10.1097/MC0.0b013e328361c8b8

Albayrak, O., Focker, M., Kliewer, J., Esber, S., Peters. 1. de Zwaan, M., & Hebebrand, J.
(2017). Eating - related psychopathology e:.v food addiction in adolescent psychiatric
inpatients. European Eating Disorders R2v: sw, 25(3), 214-220.

Alberts, J. R. (1994). Learning as adaptatior . 1.~ infant. Acta Paediatrica, 83, 77-85.
d0i:10.1111/j.1651-2227.1994.tb1Z?6€ X

Aloi, M., Rania, M., Mufioz, R. C. R., Murcig, S. J., Fernandez-Aranda, F., De Fazio, P., &
Segura-Garcia, C. (2017). Valida..nn of the Italian version of the Yale Food Addiction
Scale 2.0 (I-YFAS 2.0) in a se m7,.~ of undergraduate students. Eating and Weight
Disorders-Studies on Anore;*a, ulimia and Obesity, 22(3), 527-533.

American Psychiatric Association. 20.3). Diagnostic and statistical manual of mental disorders
(DSM-5®): American Ps,<hiatric Pub.

Anliker, J. A., Bartoshuk, L Fe:~is, A. M., & Hooks, L. D. (1991). Children's food preferences
and genetic sensiti~.;*Vv & the bitter taste of 6-n-propylthiouracil (PROP). The American
Journal of Clirice' Nurition, 54(2), 316-320. doi:10.1093/ajcn/54.2.316

Anzman, S. L., Rollins, £ Y., & Birch, L. L. (2010). Parental influence on children's early
eating environmc:.s and obesity risk: implications for prevention. International Journal
of Obesity, 34(7), 1116-1124. doi:10.1038/ij0.2010.43

Archibald, A. J., Dolinsky, V. W., & Azad, M. B. (2018). Early-life exposure to non-nutritive
sweeteners and the developmental origins of childhood obesity: global evidence from
human and rodent studies. Nutrients, 10(2), 194. doi:10.3390/nu10020194

Avena, N. M., & Hoebel, B. G. (2003). A diet promoting sugar dependency causes behavioral
cross-sensitization to a low dose of amphetamine. Neuroscience, 122(1), 17-20.
d0i:10.1016/s0306-4522(03)00502-5

Avena, N. M., Rada, P., & Hoebel, B. G. (2008). Evidence for sugar addiction: behavioral and
neurochemical effects of intermittent, excessive sugar intake. Neuroscience and
Biobehavioral Reviews, 32(1), 20-39.

Bassett, R., Chapman, G. E., & Beagan, B. L. (2008). Autonomy and control: the co-construction
of adolescent food choice. Appetite, 50(2-3), 325-332.



Bauer, K. W., Haines, J., Miller, A. L., Rosenblum, K., Appugliese, D. P., Lumeng, J. C., &
Kaciroti, N. A. (2017). Maternal restrictive feeding and eating in the absence of hunger
among toddlers: a cohort study. International Journal of Behavioral Nutrition and
Physical Activity, 14(1), 172.

Bayol, S. A, Farrington, S. J., & Stickland, N. C. (2007). A maternal ‘junk food’diet in
pregnancy and lactation promotes an exacerbated taste for ‘junk food’and a greater
propensity for obesity in rat offspring. British Journal of Nutrition, 98(4), 843-851.
doi:10.1017/S0007114507812037

Beal, J. A. (2020). World health organization alert on high level of sugar in baby food. The
American Journal of Maternal/Child Nursing, 45(1), 60.
doi:10.1097/NMC.0000000000000584

Bentley, R. A., Ruck, D. J., & Fouts, H. N. (2020). US obesity as rielayed effect of excess sugar.
Economics & Human Biology, 36, 100818. doi:10.1016/j.efin. 2019.100818

Berridge, K. C., Ho, C.-Y., Richard, J. M., & DiFeliceantonio, . G. (2010). The tempted brain
eats: pleasure and desire circuits in obesity and eating ~:su.2crs. Brain Research, 1350,
43-64. doi:10.1016/j.brainres.2010.04.003

Birch, L. L., Fisher, J. O., & Davison, K. K. (2003). Learm. 1 to overeat: maternal use of
restrictive feeding practices promotes girls' eating i, the absence of hunger. The
American journal of clinical nutrition, 78(2), 215-7%0.

Black, M. M., & Hurley, K. M. (2017). Responsive eding: Strategies to promote healthy
mealtime interactions. In Complementan-1.>:di‘1g: building the foundations for a healthy
life (Vol. 87, pp. 153-165): Karger Pr*~lisiers.

Borisenkov, M. F., Popov, S. V., Pecherki: -3, /.. A., Dorogina, O. I., Martinson, E. A.,
Vetosheva, V. I., ... Symaniuk. E. E. ! E. E. D. R. (2020). Food addiction in young
adult residents of Russia: Associctons with emotional and anthropometric characteristics.

Borisenkov, M. F., Tserne, T. A., & Far.tova, L. A. (2018). Food addiction in Russian
adolescents: Associations wth (o7, sex, weight, and depression. European Eating
Disorders Review, 26(6), C71-b76. doi:10.1002/erv.2644

Brunault, P., Courtois, R., Gear.~rdt, A. N., Gaillard, P., Journiac, K., Cathelain, S., . . . Ballon,
N. (2017). Validation o1 ‘he French version of the DSM-5 Yale Food Addiction Scale in
a nonclinical samp'~ "~ Canadian Journal of Psychiatry, 62(3), 199-210.

Bueno, M. B., Marchinni, D. /. L., César, C. L. G., & Fisberg, R. M. (2012). Added sugars:
consumption ana ~ssociated factors among adults and the elderly. So Paulo, Brazil.
Revista Brasileir~ de Epidemiologia, 15, 256-264.

Burrows, T., Skinner, J., Joyner, M., Palmieri, J., Vaughan, K., & Gearhardt, A. N. (2017). Food
addiction in children: Associations with obesity, parental food addiction and feeding
practices. Eating behaviors, 26, 114-120.

Caravaggio, F., Borlido, C., Hahn, M., Feng, Z., Fervaha, G., Gerretsen, P., . . . lwata, Y. (2015).
Reduced insulin sensitivity is related to less endogenous dopamine at D2/3 receptors in
the ventral striatum of healthy nonobese humans. International Journal of
Neuropsychopharmacology, 18(7).

Caravaggio, F., lwata, Y., Plitman, E., Chavez, S., Borlido, C., Chung, J. K., . .. Remington, G.
(2018). Reduced insulin sensitivity may be related to less striatal glutamate: An 1H-MRS
study in healthy non-obese humans. European Neuropsychopharmacology, 28(2), 285-
296.



Carter, J. C., Van Wijk, M., & Rowsell, M. (2019). Symptoms of ‘food addiction’in binge eating
disorder using the Yale Food Addiction Scale version 2.0. Appetite, 133, 362-369.
doi:10.1016/j.appet.2018.11.032

Chai, L. K., Collins, C., May, C., Brain, K., See, D. W., & Burrows, T. (2019). Effectiveness of
family-based weight management interventions for children with overweight and obesity:
an umbrella review. JBI Evidence Synthesis, 17(7), 1341-1427.

Chao, A. M., Shaw, J. A., Pearl, R. L., Alamuddin, N., Hopkins, C. M., Bakizada, Z. M., . ..
Wadden, T. A. (2017). Prevalence and psychosocial correlates of food addiction in
persons with obesity seeking weight reduction. Comprehensive Psychiatry, 73, 97-104.
doi:10.1016/j.comppsych.2016.11.009

Chao, A. M., Wadden, T. A., Tronieri, J. S., Pearl, R. L., Alamuddin, N., Bakizada, Z. M., . ..
Berkowitz, R. I. (2019). Effects of addictive-like eating betiaviors on weight loss with
behavioral obesity treatment. Journal of Behavioral Medicinc 42(2), 246-255.
d0i:10.1007/s10865-018-9958-z

Chen, G., Tang, Z., Guo, G, Liu, X., & Xiao, S. (2015). The C~u.2ze version of the Yale Food
Addiction Scale: An examination of its validation in ¢ san ple of female adolescents.
Eating Behaviors, 18, 97-102. doi:10.1016/j.eatbeh.2015.05.002

Cummings, J. R., & Gearhardt, A. N. (in press). Prospective associations between parental
substance use and youth highly processed food inw e in the Fragile Familes and Child
Wellbeing Study.

Cummings, J. R., Ray, L. A., & Tomiyama, A.J (?J1"). Food-alcohol competition: As young
females eat more food, do they drink '~ss ~lcohol? Journal of Health Psychology, 22(5),
674-683. d0i:10.1177/1359105315":11¢ 55

Daniels, L., Mallan, K., Battistutta, D., Nicho:~on, J., Perry, R., & Magarey, A. (2012).
Evaluation of an intervention to .~omote protective infant feeding practices to prevent
childhood obesity: outcomes ¢ 11..» NOURISH RCT at 14 months of age and 6 months
post the first of two intervertiol riodules. International Journal of Obesity, 36(10),
1292-1298.

Davis, C. (2013). Compulsive o.<readng as an addictive behavior: Overlap between food
addiction and binge eatn. uisorder. Current Obesity Reports, 2, 171-178.
d0i:10.1007/s1367¢ 0.2 J049-8

Davis, C., & Bonder, R. (?01! ). Genetics and epigenetics of food addiction. In Compulsive
Eating Behavior ¢na Food Addiction (pp. 293-327): Elsevier.

Davis, C., Strachan, S., ©. 8erkson, M. (2004). Sensitivity to reward: implications for overeating
and overweight. Appetite, 42(2), 131-138. doi:10.1016/j.appet.2003.07.004

Dunn, J. P., Kessler, R. M., Feurer, I. D., Volkow, N. D., Patterson, B. W., Ansari, M. S., . ..
Abumrad, N. N. (2012). Relationship of dopamine type 2 receptor binding potential with
fasting neuroendocrine hormones and insulin sensitivity in human obesity. Diabetes
Care, 35(5), 1105-1111.

Eichen, D. M., Chen, E. Y., Schmitz, M. F., Arlt, J., & McCloskey, M. S. (2016). Addiction
vulnerability and binge eating in women: Exploring reward sensitivity, affect regulation,
impulsivity & weight/shape concerns. Personality and Individual Differences, 100, 16-
22. d0i:10.1016/j.paid.2016.03.084

Elam, K. K., Sternberg, A., Waddell, J. T., Blake, A. J., & Chassin, L. (2020). Mother and father
prescription opioid misuse, alcohol use disorder, and parent knowledge in pathways to
adolescent alcohol use. Journal of youth and adolescence, 49(8), 1663-1673.



Epstein, L. H., Paluch, R. A., Roemmich, J. N., & Beecher, M. D. (2007). Family-based obesity
treatment, then and now: twenty-five years of pediatric obesity treatment. Health
Psychology, 26(4), 381.

Fielding - Singh, P., Patel, M. L., King, A. C., & Gardner, C. D. (2019). Baseline psychosocial

and demographic factors associated with study attrition and 12 - month weight gain in
the DIETFITS trial. Obesity, 27(12), 1997-2004. doi:10.1002/0by.22650

Filgueiras, A. R., de Almeida, V. B. P., Nogueira, P. C. K., Domene, S. M. A, da Silva, C. E.,
Sesso, R., & Sawaya, A. L. (2019). Exploring the consumption of ultra-processed foods
and its association with food addiction in overweight children. Appetite, 135, 137-145.
doi:10.1016/j.appet.2018.11.005

Fishbein, D. H., Rose, E. J., Darcey, V. L., Belcher, A. M., & VanMeter, J. W. (2016).
Neurodevelopmental precursors and consequences of subsiance use during adolescence:
Promises and pitfalls of longitudinal neuroimaging strategies. -rontiers in Human
Neuroscience, 10, 296. doi:10.3389/fnhum.2016.00296

Fisher, J. O., & Birch, L. L. (1999). Restricting access to paleia.'e roods affects children's
behavioral response, food selection, and intake. The Amer.can Journal of Clinical
Nutrition, 69(6), 1264-1272. doi:10.1093/ajcn/69 A..264

Fleary, S., & Ettienne, R. (2019). The relationship betv.en /ood parenting practices, parental
diet and their adolescents' diet. Appetite, 135, 7€.

Flint, A. J., Gearhardt, A. N., Corbin, W. R., Browe.i. K. D, Field, A. E., & Rimm, E. B.
(2014). Food-addiction scale measureme it .~ 7 cohorts of middle-aged and older women.
The American Journal of Clinical N'.u "tio. 99(3), 578-586.
d0i:10.3945/ajcn.113.068965

Fuglestad, A. J., Boys, C. J., Chang, P. Miller, B. S., Eckerle, J. K., Deling, L., . .. Wozniak, J.
R. (2014). Overweight and obesity among children and adolescents with fetal alcohol
spectrum disorders. Alcoholis n- C 2nical and Experimental Research, 38(9), 2502-2508.
doi:10.1111/acer.12516

Gearhardt, A. N., & Corbin, W. R. 2009). Body mass index and alcohol consumption: family
history of alcoholism as a moderator. Psychology of Addictive Behaviors, 23(2), 216-225.
d0i:10.1037/a001502 1

Gearhardt, A. N., Corbin. vv" k., & Brownell, K. D. (2016). Development of the Yale Food
Addiction Sce’> Vv ~rsion 2.0. Psychology of Addictive Behaviors, 30(1), 113.
d0i:10.1037/adb0L 70136

Gearhardt, A. N., Roberw, C. A., Seamans, M. J., Corbin, W. R., & Brownell, K. D. (2013).
Preliminary validation of the Yale Food Addiction Scale for children. Eating Behaviors,
14(4), 508-512.

Gearhardt, A. N., Waller, R., Jester, J. M., Hyde, L. W., & Zucker, R. A. (2018). Body mass
index across adolescence and substance use problems in early adulthood. Psychology of
Addictive Behaviors, 32(3), 309-319. doi:10.1037/adb0000365

Gearhardt, A. N., White, M. A., Masheb, R. M., Morgan, P. T., Crosby, R. D., & Grilo, C. M.
(2012). An examination of the food addiction construct in obese patients with binge
eating disorder. International Journal of Eating Disorders, 45(5), 657-663.
doi:10.1002/eat.20957

Gfroerer, J., Penne, M., Pemberton, M., & Folsom, R. (2003). Substance abuse treatment need
among older adults in 2020: the impact of the aging baby-boom cohort. Drug and
Alcohol Dependence 69(2), 127-135. doi:10.1016/S0376-8716(02)00307-1



Gluckman, P., & Hanson, M. (2008). Developmental and epigenetic pathways to obesity: an
evolutionary-developmental perspective. International Journal of Obesity, 32(7), S62-
S71. doi:10.1038/ij0.2008.240

Godfrey, K., Barker, D., Robinson, S., & Osmond, C. (1997). Maternal birthweight and diet in
pregnancy in relation to the infant's thinness at birth. BJOG: An International Journal of
Obstetrics and Gynaecology, 104(6), 663-667. doi:10.1111/j.1471-0528.1997.tb11975.x

Gray, K. M., & Squeglia, L. M. (2018). Research review: what have we learned about adolescent
substance use? Journal of Child Psychology Psychiatry

59(6), 618-627. doi:10.1111/jcpp.12783

Haghighi, A., Schwartz, D. H., Abrahamowicz, M., Leonard, G., Perron, M., Richer, L., . ..
Pausova, Z. (2013). Prenatal exposure to maternal cigarette smoking, amygdala volume,
and fat intake in adolescence. JAMA Psychiatry, 70(1), 98-105.
doi:10.1001/archgenpsychiatry.2012.1101

Hales, C. M., Fryar, C. D., Carroll, M. D., Freedman, D. S., & Cyde., C. L. J. J. (2018). Trends
in obesity and severe obesity prevalence in US youth 221 «2ults by sex and age, 2007-
2008 to 2015-2016. JAMA, 319(16), 1723-1725. doi:1.1( 01/jama.2018.3060

Herrick, K. A., Fryar, C. D., Hamner, H. C., Park, S., & Oylen, C. L. (2020). Added sugars
intake among US infants and toddlers. Journal r.r th. Academy of Nutrition and Dietetics,
120(1), 23-32. doi:10.1016/j.jand.2019.09.007

Hetherington, M. M. (2020). Infant Appetite: From Cries to Cues and Responsive Feeding.
Handbook of Eating and Drinking: Interdi_1pl.nary Perspectives, 373-389.

Hingson, R. W., Heeren, T., & Winter, M. R ‘2016). Age at drinking onset and alcohol
dependence: age at onset, duration, anc severity. Archives of Pediatric Adolescent
Medicine, 160(7), 739-746. doi:10.10.1/archpedi.160.7.739

Howie, G., Sloboda, D., Kamal, T., & V.-kers, M. (2009). Maternal nutritional history predicts
obesity in adult offspring indese . 1ent of postnatal diet. The Journal of Physiology,
587(4), 905-915. doi:10.111?/j. ", si0l.2008.163477

Huang, D. Y. C., Lanza, H., Wrig. t-Vdiel, K., & Anglin, M. D. (2013). Developmental
trajectories of childhoou ~besity and risk behaviors in adolescence. Journal of
Adolescence, 36(1), 139-"44. doi:10.1016/j.adolescence.2012.10.005

Johnston, L. D., Miech, R A., ™Malley, P. M., Bachman, J. G., Schulenberg, J. E., & Patrick,
M. E. (2019). Mo. itor ng the Future National Survey Results on Drug Use, 1975-2018:
Overview, Key F.naings on Adolescent Drug Use. Institute for Social Research.

Joyner, M. A., Schulte, = M., Wilt, A. R., & Gearhardt, A. N. (2015). Addictive-like eating
mediates the association between eating motivations and elevated body mass index.
Translational Issues in Psychological Science, 1(3), 217. doi:10.1037/tps0000034

Kell, B. (2008). Adolescent autonomy: a key determinant in eating behaviour. British Journal of
School Nursing, 3(3), 110-116.

Khine, M. T., Ota, A., Gearhardt, A. N., Fujisawa, A., Morita, M., Minagawa, A., . . . Yatsuya,
H. (2019). Validation of the japanese version of the yale food addiction scale 2.0 (J-
YFAS 2.0). Nutrients, 11(3), 687.

Kranjac, A. W., & Wagmiller, R. L. (2016). Decomposing trends in adult body mass index,
obesity, and morbid obesity, 1971-2012. Social Science & Medicine, 167, 37-44.
doi:10.1016/j.socscimed.2016.08.026



Lansigan, R. K., Emond, J. A., & Gilbert-Diamond, D. (2015). Understanding eating in the
absence of hunger among young children: A systematic review of existing studies.
Appetite, 85, 36-47.

Lanza, H., Grella, C. E., & Chung, P. J. (2015). Adolescent obesity and future substance use:
Incorporating the psychosocial context. Journal of Adolescence, 45, 20-30.
doi:10.1016/j.adolescence.2015.08.014

Laurent, J. S., & Sibold, J. (2016). Addictive-like eating, body mass index, and psychological
correlates in a community sample of preadolescents. Journal of Pediatric Health Care,
30(3), 216-223. doi:10.1016/j.pedhc.2015.06.010

Ledoux, T., Robinson, J., Baranowski, T., & O’Connor, D. P. (2018). Teaching parents about
responsive feeding through a vicarious learning video: A pilot randomized controlled
trial. Health Education & Behavior, 45(2), 229-237.

Lennerz, B., & Lennerz, J. K. (2018). Food addiction, high-glycemi. -index carbohydrates, and
obesity. Clinical chemistry, 64(1), 64-71.

Lin, C.-Y., Imani, V., Griffiths, M. D., & Pakpour, A. H. (2022} .’zidity of the Yale Food
Addiction Scale for Children (YFAS-C): Classical te<* the ory and item response theory of
the Persian YFAS-C. Eating and Weight Disorders- ~tudies on Anorexia, Bulimia and
Obesity, 1-10.

Loxton, N. J., & Tipman, R. J. (2017). Reward sensitivity =nd food addiction in women.
Appetite, 115, 28-35. doi:10.1016/j.appet.2£23.10.022

Lumeng, J. C., Li, X,, He, Y., Gearhardt, A., Sturz~> J., Kaciroti, N. A., . . . Lozoff, B. (2020).
Greater analgesic effects of sucrose i~ the neonate predict greater weight gain to age 18
months. Appetite, 146, 104508.

Lischer, C., & Malenka, R. C. (2011). Drug-.*‘oked synaptic plasticity in addiction: from
molecular changes to circuit remceling. Neuron, 69(4), 650-663.
doi:10.1016/j.neuron.2011.01 s 7

Maezono, J., Hamada, S., Sillanmé'* L Kaneko, H., Ogura, M., Lempinen, L., & Sourander, A.
(2019). Cross - cultural, ncnuladon - based study on adolescent body image and eating
distress in Japan and Fin.>nd. Scandinavian Journal of Psychology, 60(1), 67-76.

Malanga, C. J., & Kosofsky B. . (2003). Does drug abuse beget drug abuse? Behavioral
analysis of addictiz:: hiaZ4lity in animal models of prenatal drug exposure. Developmental
Brain Researc™ 117, ..7-57. doi:10.1016/j.devbrainres.2003.09.019

Maxwell, A. L., Gardiner, E., & Loxton, N. J. J. E. E. D. R. (2020). Investigating the relationship
between reward consitivity, impulsivity, and food addiction: A systematic review.

Mennella, J. A., Jagnow, C. P., & Beauchamp, G. K. (2001). Prenatal and postnatal flavor
learning by human infants. Pediatric, 107(6), e88-e88. doi:10.1542/peds.107.6.e88

Mennella, J. A., Lukasewycz, L. D., Griffith, J. W., & Beauchamp, G. K. (2011). Evaluation of
the Monell forced-choice, paired-comparison tracking procedure for determining sweet
taste preferences across the lifespan. Chemical Senses, 36(4), 345-355.

Mennella, J. A., Nicklaus, S., Jagolino, A. L., & Yourshaw, L. M. (2008). Variety is the spice of
life: strategies for promoting fruit and vegetable acceptance during infancy. Physiology
and Behavior, 94(1), 29-38. doi:10.1016/j.physbeh.2007.11.014

Merikangas, K. R., Stolar, M., Stevens, D. E., Goulet, J., Preisig, M. A., Fenton, B., . ..
Rounsaville, B. J. (1998). Familial transmission of substance use disorders. Archives of
general psychiatry, 55(11), 973-979.



Meule, A., & Gearhardt, A. N. (2019). Ten Years of the Yale Food Addiction Scale: a Review of
Version 2.0. Current Addiction Reports, 1-11.

Meule, A., Hermann, T., & Kibler, A. (2015). Food addiction in overweight and obese
adolescents seeking weight - loss treatment. European Eating Disorders Review, 23(3),
193-198. d0i:10.1002/erv.2355

Meule, A., & Kiibler, A. (2012). Food cravings in food addiction: The distinct role of positive
reinforcement. Eating Behaviors, 13(3), 252-255.

Mies, G. W., Treur, J. L., Larsen, J. K., Halberstadt, J., Pasman, J. A., & Vink, J. M. (2017). The
prevalence of food addiction in a large sample of adolescents and its association with
addictive substances. Appetite, 118, 97-105. doi:10.1016/j.appet.2017.08.002

Monteiro, C. A., Moubarac, J.-C., Levy, R. B., Canella, D. S., da Costa Louzada, M. L., &
Cannon, G. (2018). Household availability of ultra-process 2d foods and obesity in
nineteen European countries. Public Health Nutrition, 21(1), 8-26.
d0i:10.1017/S1368980017001379

Moodie, R., Stuckler, D., Monteiro, C., Sheron, N., Neal, B., 7i.7i.urangsi, T., ... Group, L. N.
A. (2013). Profits and pandemics: prevention of harm:il e/fects of tobacco, alcohol, and
ultra-processed food and drink industries. The lance., 381(9867), 670-679.
d0i:10.1016/S0140-6736(12)62089-3

Moore, A. A., Whiteman, E. J., & Ward, K. T. (2007). Ris-s of combined alcohol/medication
use in older adults. The American Journal 7 Seriatric Pharmacotherapy, 5(1), 64-74.
doi:10.1016/j.amjopharm.2007.03.006

Morandi, A., Tommasi, M., Soffiati, F., Des*.> + Grando, F., Simonetti, G., . . . Chiriaco, A.
(2019). Prevention of obesity in tocle's (PROBIT): a randomised clinical trial of
responsive feeding promotion from b h to 24 months. International Journal of Obesity,
43(10), 1961-1966.

Muhlhausler, B. S., Adam, C. L., Fintiley P. A., Duffield, J. A., & McMillen, 1. C. (2006).
Increased maternal nutritior. ~lt.< development of the appetite-regulating network in the
brain. The FASEB Journai, 20(v), 1257-1259. doi:10.1096/fj.05-5241fje

Murdaugh, D. L., Cox, J. E., Coc% Ih, E. W., & WEeller, R. E. (2012). fMRI reactivity to high-
calorie food pictures orecsts short-and long-term outcome in a weight-loss program.
Neuroimage, 59(3, 2vc2-2721.

Murphy, C. M., & Me~K.'lop, J. (2019). Food addiction and self-regulation. In Compulsive
Eating Behavior «d Food Addiction (pp. 193-216): Elsevier.

Murphy, C. M., Stojek, .7 K., & MacKillop, J. (2014). Interrelationships among impulsive
personality traits, food addiction, and body mass index. Appetite, 73, 45-50.
doi:10.1016/j.appet.2013.10.008

Nguyen-Louie, T. T., Castro, N., Matt, G. E., Squeglia, L. M., Brumback, T., Tapert, S. F., &
drugs. (2015). Effects of emerging alcohol and marijuana use behaviors on adolescents’
neuropsychological functioning over four years. Journal of Studies on Alcohol, 76(5),
738-748. do0i:10.15288/jsad.2015.76.738

Oken, E., Levitan, E. B., & Gillman, M. W. (2008). Maternal smoking during pregnancy and
child overweight: systematic review and meta-analysis. International Journal of Obesity,
32(2), 201-210. doi:10.1038/sj.ij0.0803760

Ong, Z. Y., & Muhlhausler, B. S. (2011). Maternal “junk - food” feeding of rat dams alters
food choices and development of the mesolimbic reward pathway in the offspring. The
FASEB Journal, 25(7), 2167-2179. doi:10.1096/fj.10-178392



Parnarouskis, L., Schulte, E. M., Lumeng, J. C., & Gearhardt, A. N. (2020). Development of the
Highly Processed Food Withdrawal Scale for Children. Appetite, 147, 104553.
d0i:10.1016/j.appet.2019.104553

Pasqualini, M., Pieroni, L., & Tomassini, C. (2019). How much and why does the mum matter?
Mechanisms explaining the intergenerational transmission of smoking. Advances in Life
Course Research, 40, 99-107.

Pepino, M. Y., Stein, R. I., Eagon, J. C., & Klein, S. (2014). Bariatric surgery - induced weight
loss causes remission of food addiction in extreme obesity. Obesity, 22(8), 1792-1798.
doi:10.1002/0by.20797

Piontek, D., Kraus, L., Legleye, S., & Bihringer, G. (2011). The validity of DSM - IV cannabis
abuse and dependence criteria in adolescents and the value of additional cannabis use
indicators. Addiction, 106(6), 1137-1145. doi:10.1111/j.13 30-0443.2010.03359.x

Potter, B. K., Pederson, L. L., Chan, S. S. H., Aubut, J. L., & Koval, . J. (2004). Does a
relationship exist between body weight, concerns about \ 'eigi't, and smoking among
adolescents? An integration of the literature with an e’ hasis on gender. Nicotine &
Tobacco Research, 6(3), 397-425. doi:10.1080/14672.290 10001696529

Pursey, K. M., Stanwell, P., Gearhardt, A. N., Collins, C F., & Burrows, T. L. (2014). The
prevalence of food addiction as assessed by the *“ale Food Addiction Scale: a systematic
review. Nutrients, 6(10), 4552-4590.

Richmond, R. L., Roberto, C. A., & Gearhardt, A. v (2017). The association of addictive-like
eating with food intake in children. Appe.ite, 1.7, 82-90. doi:10.1016/j.appet.2017.06.002

SAMHSA. (2017). Mental Health Services v istration (SAMHSA), 2014. Results from the
2013 National Survey on Drug Use 2n7 Health: Summary of National Findings. NSDUH
Series H-48, HHS Publication No.(SM.\) 14-4863. Substance Abuse.

Savage, J. S., Birch, L. L., Marini, M., Ai.”man-Frasca, S., & Paul, I. M. (2016). Effect of the
INSIGHT responsive parentir ) ‘n ~ivention on rapid infant weight gain and overweight
status at age 1 year: a randc...'ze & clinical trial. JAMA pediatrics, 170(8), 742-749.

Schaal, B., Marlier, L., & Soussigi."n, R. (2000). Human foetuses learn odours from their
pregnant mother’s diet C.emical Senses, 25(6), 729-737. doi:10.1093/chemse/25.6.729

Schiestl, E. T., & Gearhardt, A.!. (2018). Preliminary validation of the Yale Food Addiction
Scale for Children z.7: A dimensional approach to scoring. European Eating Disorders
Review, 26(6) <0< -61/. doi:10.1002/erv.2648

Schulte, E. M., Avena, N. N, & Gearhardt, A. N. (2015). Which foods may be addictive? The
roles of processiiy, fat content, and glycemic load. PLoS One, 10(2), e0117959.
doi:10.1371/journal.pone.0117959

Schulte, E. M., & Gearhardt, A. N. (2018). Associations of food addiction in a sample recruited
to be nationally representative of the United States. European Eating Disorders Review,
26(2), 112-119.

Schulte, E. M., Grilo, C. M., & Gearhardt, A. N. (2016). Shared and unique mechanisms
underlying binge eating disorder and addictive disorders. Clinical Psychology Review,
44,125-139. doi:10.1016/j.cpr.2016.02.001

Schulte, E. M., Jacques-Tiura, A. J., Gearhardt, A. N., & Naar, S. (2018). Food addiction
prevalence and concurrent validity in African American adolescents with obesity.
Psychology of Addictive Behaviors, 32(2), 187. doi:10.1037/adb0000325

Schulte, E. M., Smeal, J. K., & Gearhardt, A. N. (2017). Foods are differentially associated with
subjective effect report questions of abuse liability. PloS one, 12(8), e0184220.



Schulte, M. T., & Hser, Y.-1. (2013). Substance use and associated health conditions throughout
the lifespan. Public Health Reviews, 35(2), 3. doi:10.1007/BF03391702

Silverman, B. L., Rizzo, T. A., Cho, N. H., & Metzger, B. E. (1998). Long-term effects of the
intrauterine environment: the Northwestern University Diabetes in Pregnancy Center.
Diabetes Care, 21, B142. doi:Retrieved from
https://proxy.lib.umich.edu/login?url=https://search.proquest.com/docview/223034697?a
ccountid=14667

Skelton, J., & Beech, B. (2011). Attrition in paediatric weight management: a review of the
literature and new directions. Obesity Reviews, 12(5), e273-e281. doi:10.1111/j.1467-
789X.2010.00803.x

Small, D. M., & DiFeliceantonio, A. G. (2019). Processed foods and food reward. Science,
363(6425), 346-347.

Smith, A. D., Sanchez, N., Reynolds, C., Casamassima, M., Verros, ., Annameier, S. K., . ..
Shomaker, L. B. (2020). Associations of parental feedinc pre-tices and food reward
responsiveness with adolescent stress-eating. Appetite 20.715.

Spruijt-Metz, D., Lindquist, C. H., Birch, L. L., Fisher, J. O, & Coran, M. 1. (2002). Relation
between mothers' child-feeding practices and childi.n's adiposity. The American journal
of clinical nutrition, 75(3), 581-586.

Steinberg, L. (2008). A social neuroscience perspective 0. adolescent risk-taking. Dev Rev,
28(1), 78-106. doi:10.1016/j.dr.2007.08.00~

Steiner, J. (1974). Discussion paper: innate, disc*i ~«ne.ive human facial expressions to taste and
smell stimulation. Annals of the New Y21, Academy of Sciences, 237(1), 229-233.
d0i:10.1111/j.1749-6632.1974.tb4C 358 .x

Stettler, N., Tershakovec, A. M., Zemel, B. 5., Leonard, M. B., Boston, R. C., Katz, S. H., &
Stallings, V. A. (2000). Early risn factors for increased adiposity: a cohort study of
African American subjects folo.~0 from birth to young adulthood. The American
Journal of Clinical Nutritior 7.'("), 378-383. doi:10.1093/ajcn/72.2.378

Stice, E., & Burger, K. (2019). Nt ral vulnerability factors for obesity. Clinical Psychology
Review, 68, 38-53.

Stice, E., Spoor, S., Bohon, C., \eidhuizen, M. G., & Small, D. M. (2008). Relation of reward
from food intake ar a,*'cipated food intake to obesity: a functional magnetic resonance
imaging study Jo 'rna! of Abnormal Psychology, 117(4), 924. doi:10.1037/a0013600

Stice, E., Yokum, S., Bu: 2er, K. S., Epstein, L. H., & Small, D. M. (2011). Youth at risk for
obesity show gre~‘er activation of striatal and somatosensory regions to food. Journal of
Neuroscience, 31(12), 4360-4366.

Stojek, M. M., & MacKillop, J. (2017). Relative reinforcing value of food and delayed reward
discounting in obesity and disordered eating: A systematic review. Clinical Psychology
Review, 55, 1-11.

Sylvetsky, A. C., Visek, A. J., Halberg, S., Rhee, D. K., Ongaro, Z., Essel, K. D., . . . Sacheck, J.
(2020). Beyond taste and easy access: Physical, cognitive, interpersonal, and emotional
reasons for sugary drink consumption among children and adolescents. Appetite, 104826.

Temple, J. L., Legierski, C. M., Giacomelli, A. M., Salvy, S.-J., & Epstein, L. H. (2008).
Overweight children find food more reinforcing and consume more energy than do
nonoverweight children. The American Journal of Clinical Nutrition, 87(5), 1121-1127.
doi:10.1093/ajcn/87.5.1121



https://proxy.lib.umich.edu/login?url=https://search.proquest.com/docview/223034697?accountid=14667
https://proxy.lib.umich.edu/login?url=https://search.proquest.com/docview/223034697?accountid=14667

Tompkins, C. L., Laurent, J., & Brock, D. W. (2017). Food addiction: A barrier for effective
weight management for obese adolescents. Childhood Obesity, 13(6), 462-469. doi:
10.1089/chi.2017.0003

Werts, R. L., Van Calcar, S. C., Wargowski, D. S., & Smith, S. M. (2014). Inappropriate feeding
behaviors and dietary intakes in children with fetal alcohol spectrum disorder or probable
prenatal alcohol exposure. Alcoholism: Clinical and Experimental Research, 38(3), 871-
878. d0i:10.1111/acer.12284

Whisner, C., Young, B., Pressman, E., Queenan, R., Cooper, E., & O'brien, K. (2015). Maternal
diet but not gestational weight gain predicts central adiposity accretion in utero among
pregnant adolescents. International Journal of Obesity, 39(4), 565-570.
d0i:10.1038/ij0.2014.202

Wilfley, D. E., Hayes, J. F., Balantekin, K. N., Van Buren, D. J., € Epstein, L. H. (2018).
Behavioral interventions for obesity in children and adults: = ‘idence base, novel
approaches, and translation into practice. American Psyc' ol ist, 73(8), 981.

Willett, W., Rockstrém, J., Loken, B., Springmann, M., Lang T . ./crmeulen, S., . .. Declerck,
F. (2019). Food in the anthropocene: the EAT—Lance. Coramission on healthy diets from
sustainable food systems. The Lancet Commissions, 293, 447-492. doi:10.1016/s0140-
6736(18)31788-4

Yarnell, S., Li, L., Mac Grory, B., Trevisan, L., & Kirwu,, =. (2019). Substance use disorders in
later life: a review and synthesis of the literz::'re of an emerging public health concern.
The American Journal of Geriatric Psychict.y. doi:10.1016/j.jagp.2019.06.005

Yee, A. Z,, Lwin, M. O., & Ho, S. S. (2017) The influence of parental practices on child
promotive and preventive food cor: :urr ption behaviors: a systematic review and meta-
analysis. International Journal of Benovioral Nutrition and Physical Activity, 14(1), 47.

Zhao, Z., Ma, Y., Han, Y., Liu, Y., Yany, K., Zhen, S., & Wen, D. (2018). Psychosocial
correlates of food addiction ard .~ association with quality of life in a non-clinical
adolescent sample. Nutrient: 1.\("), 837.

Ziauddeen, H., Alonso-Alonso, M0 Hni, J. O., Kelley, M., & Khan, N. A. (2015). Obesity and
the neurocognitive basis “f foud reward and the control of intake. Advances in Nutrition,
6(4), 474-486. doi:10.3v."57an.115.008268



JAUTHOR DECLARATION AND ETHICS STATEMENT

We the undersigned declare that this manuscript is original, has not been published before and is
not currently being considered for publication elsewhere.

We wish to confirm that there are no known conflicts of interest associated with this publication
and there has been no significant financial support for this work that could have influenced its
outcome. We confirm that the manuscript has been read and approved by all named authors and
that there are no other persons who satisfied the criteria for authorship but are not listed. We
further confirm that the order of authors listed in the manuscript has been approved by all of us.
We confirm that we have given due consideration to the protection of intellectual property
associated with this work and that there are no impediments to puflication, including the timing
of publication, with respect to intellectual property. In so doing we canfirm that we have
followed the regulations of our institutions concerning intellectu I p. aperty.

This article does not contain any studies involving animals ni hurian participants performed by
any of the authors.

We understand that the Corresponding Author is the sole . =intact for the Editorial process
(including Editorial Manager and direct communicziions with the office). She is responsible for
communicating with the other authors about pronr..s, submissions of revisions and final
approval of proofs. We confirm that we have ~ro ‘ided a current, correct email address which is
accessible by the Corresponding Author.

Authors:

Emma T. Schiestl
Julia M. Rios
Lindsey Parnarouskis
Jenna R. Cummings
Ashley N. Gearhardt



Funding: The Eunice Kennedy Shriver National Institute of Child Health and Human
Development supported Jenna R. Cummings (T32HD079350). This research did not receive any
specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Declaration of Interests: The authors certify that they have NO affiliations with any organization
or entity with any financial interest (such as honoraria; educational grants; participation in
speakers’ bureaus; membership, employment, consultancies, stock ownership, or other equity
interest; and expert testimony or patent-licensing arrangements), or non-financial interest (such
as personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter
or materials discussed in this manuscript.

Credit author statement:
All authors participated in the Conceptualization, Investigation, 'W/n.‘ng - Original Draft, Writing
- Review & Editing; Ashley N. Gearhardt also Supervised the '='11.ing process



Declaration of Interests: The authors certify that they have NO affiliations with any organization
or entity with any financial interest (such as honoraria; educational grants; participation in
speakers’ bureaus; membership, employment, consultancies, stock ownership, or other equity
interest; and expert testimony or patent-licensing arrangements), or non-financial interest (such
as personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter
or materials discussed in this manuscript.



Highlights
Highly processed (HP) foods are associated with changes in reward functioning and the
development of addictive-like eating behaviors.
HP food addiction is associated with negative outcomes (e.g., elevated BMI, increased
binge eating) at every life stage.
The study of food addiction across the lifespan has important implications for treatment

and the adaptation of public policy.



