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Socioeconomic Disparities in Childhood Obesity Risk:
Association With an Oxytocin Receptor Polymorphism
Nicole R. Bush, PhD; Amber L. Allison, PhD; Alison L. Miller, PhD; Julianna Deardorff, PhD; Nancy E. Adler, PhD; W. Thomas Boyce, MD

IMPORTANCE Pediatricians are paying increased attention to the effects of socioeconomic
status (SES) on children’s health. Low SES is a robust predictor of obesity across the life
course and may interact with genes affecting metabolism to influence obesity risk. Recent
animal literature and burgeoning human research suggest that the hormone oxytocin (OT)
may be important for metabolic regulation. To date, this association has not been examined
in children.

OBJECTIVES To examine whether an OT receptor polymorphism (rs53576) interacts with SES,
potentially exacerbating and buffering the effects of stress, to predict anthropometry during
childhood, and based on differential neurobiological susceptibility theory, to test whether
carriers of the A allele of the OXTR gene, compared with GG genotyped individuals, would be
most sensitive to the effects of SES on anthropometry for better or for worse.

DESIGN, SETTING, AND PARTICIPANTS In this observational study, families were recruited from
public school classrooms and enrolled in the Peers and Wellness Study (PAWS), which
examined the effects of social status on health. Families were assessed during children’s
kindergarten year (fall semester of 2003, 2004, and 2005) and again during middle
childhood (2009-2011) for a follow-up assessment that included anthropometric measures
and DNA collection. The dates of the analysis were January 2015 to June 2016.

EXPOSURES Socioeconomic disparities.

MAIN OUTCOMES AND MEASURES Child body mass index z score (BMIz) and triceps skinfold
thickness. Family SES was collected through questionnaires mailed to homes. Body
measurements and DNA were collected in homes by trained research assistants.

RESULTS From the original community sample of 338 typically developing children,
participants were 186 socioeconomically and racially/ethnically diverse children (mean age,
10.3 years; age range, 9.4-11.3 years; 93 females [50%]) who had sufficient data at the
follow-up assessment for inclusion in this study. Among 97 A allele carriers, a 1-SD increase in
SES was associated with a decrease in BMIz of 0.28 (95% CI, −0.47 to −0.09) and a decrease
in skinfold thickness of 0.95 (95% CI, −1.77 to −0.12) mm, such that they exhibited the highest
BMIz and skinfold thickness in contexts of low SES but exhibited the lowest BMIz and skinfold
thickness in contexts of high SES. Socioeconomic status was unrelated to BMIz (95% CI, −0.21
to 0.26) or skinfold thickness (95% CI, −0.42 to 1.45) for 89 GG genotyped children.

CONCLUSIONS AND RELEVANCE These findings advance etiologic understanding of childhood
obesity, highlighting complex effects of SES on child health and adding to growing evidence
that OT relates to human obesity risk. The results also support differential neurobiological
susceptibility theory, suggesting that the A allele renders individuals more sensitive to both
positive and negative health effects of socioecological context.
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C hildhood obesity, an epidemic affecting almost 1 in 5
children in the United States,1 is associated with poorer
physical, social, and psychological health in child-

hood and adulthood.1-3 Separate bodies of research have ex-
amined environmental and genetic determinants of child-
hood obesity, yet these investigations have rarely considered
how gene × environment interactions occurring early in de-
velopment may confer obesity risk. We examined the contri-
bution of genetic and environmental factors, and their inter-
action, to the prediction of child anthropometry and body
composition as indicators of obesity risk.

Recently, the American Academy of Pediatrics has empha-
sized the role of poverty, and the effect of socioeconomic sta-
tus (SES) more generally, on children’s health.4 In particular,
low SES is a robust predictor of body mass index (BMI), adi-
posity, and obesity risk across the life course. These associa-
tions may operate through various mechanisms, including
lower birth weight, lack of access to health care, and limited
availability of healthful foods and places to exercise.5 Low SES
is associated with greater exposure to environmental stress-
ors, such as noise, crowding, air pollution, toxins, violence, and
long-term stress.6,7 Given documented effects of stress on
weight,8 such stressors may also contribute to socioeco-
nomic disparities in childhood obesity,9 yet there is also sub-
stantial variation in obesity risk within social classes.

Although increasing attention is devoted to discovering
genes that specifically confer risk for obesity, genes explain only
a limited amount of the variance in obesity.10 In light of the
robust effects of social environment on adiposity, examining
genes that confer differential susceptibility is likely to further
elucidate the variability underlying social disparities in obe-
sity. Evidence is growing in support of differential neurobio-
logical susceptibility (DNS) theories,11-14 which posit that ge-
netic and physiological variability predisposes some
individuals to increased susceptibility to both positive and
negative environments, whereas other individuals are less sen-
sitive to external influences. Accumulating evidence sug-
gests that OXTR (OMIM 167055), the receptor gene for the hor-
mone oxytocin (OT), acts as an important modifier of
environmental experience for a range of health outcomes and
that it confers DNS to social environmental effects.15 A known
OXTR polymorphism (rs53576) involves a single-nucleotide,
guanine to adenine switch.16 Although the neurophysiologi-
cal consequence of the A allelic and G allelic variations re-
mains largely undetermined, preliminary research suggests
structural and functional differences. Research has identi-
fied the A allele of the OXTR gene as the “risk” allele, such that
individuals carrying 1 (AG) or 2 (AA) copies have increased sen-
sitivity to short-term stress, poorer social skills, and negative
mental health outcomes compared with their counterparts with
the GG genotype.17,18 Mechanistically, the A allele is associ-
ated with less efficacious OT binding.19

Although OT is best known for facilitating and maintain-
ing affiliative behaviors and promoting antistress physiologi-
cal responses,20 the importance of peripheral and central OT
processes in regulating metabolic homeostasis, appetite, en-
ergy expenditure, and body weight is becoming well
established.21-23 Both central and peripheral administration of

OT has been shown to reduce overall food intake, increase en-
ergy expenditure, and cause weight loss in rats.24 Oxytocin is
also implicated in reward-based eating behavior that can pro-
mote obesity, with OT knockout mice demonstrating prefer-
ence for sweets and carbohydrates.22,25 Recent experimental
findings also suggest that OT feeding behavior associations may
be shaped by social context.26 Furthermore, mice with OT or
OT receptor deficiencies have been shown to develop late-
onset obesity, despite normal food intake,27 suggesting a di-
rect effect of OT activity and receptor binding on body com-
position independent of food or exercise. Research in humans
suggests similar associations. Individuals with Prader-Willi
syndrome, a chromosomal abnormality associated with gross
obesity and insatiable hunger, have 42% fewer OT neurons28

and thus have less OT produced and less OT binding at recep-
tor sites. Lower serum OT levels in humans also have been
found in association with uncomplicated obesity and type 2
diabetes.29 Even among nonoverweight humans, OT admin-
istration can influence appetite, intake of palatable foods, and
metabolic regulation.30 In light of several findings, including
established associations between SES and body mass,5

evidence for the OXTR polymorphism both exacerbating
and buffering the effects of stress,31 the role of OT in regulat-
ing appetite and metabolism,21-23 and accumulating evi-
dence supporting DNS theories, we hypothesized that the OXTR
polymorphism would confer differential susceptibility to so-
cioeconomic risk for childhood obesity. Specifically, we pro-
posed that children who were carriers of the “sensitivity” al-
lele of the OXTR polymorphism (AA or AG genotype) would
demonstrate stronger associations between SES and the an-
thropometric outcomes of BMI z score (BMIz) and skinfold
thickness compared with GG individuals.

Methods
Study Design and Population
Participants were originally recruited in 3 waves from 29 kinder-
garten classrooms within 6 public schools selected to represent
various sociodemographic characteristics in the San Francisco
Bay, California, area during the fall seasons of 2003, 2004, and

Key Points
Question Does a genotype related to regulation of a hormone
system known to influence metabolic processing and stress
reactivity interact with early environment to predict child
obesity risk?

Findings In this cohort study, children who were carriers of the A
allele of the OXTR gene had greater body mass index and adiposity
when reared in early life environments of low socioeconomic status
(SES) but had the lowest body mass index and adiposity when
reared in environments of high SES. Socioeconomic status was not
associated with obesity risk for children with the GG genotype.

Meaning These findings suggest that genetic predispositions can
affect health outcomes for better or for worse depending on early
rearing environment.
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2005. At that time, they were enrolled in the Peers and Wellness
Study(PAWS),alargerlongitudinalstudy(n = 338)ofsocialdomi-
nance, biological responses to adversity, and mental and physi-
cal health.32 Parents’ written informed consent and children’s
assentwereobtained,andschoolsandfamiliesweregivenamod-
est payment for participation. Follow-up home visits were con-
ducted with limited resources between 2009 and 2011 (PAWS
Follow-up and PAWS-Genetics) to collect data on pubertal devel-
opment, growth, and genetics. This study was approved by the
institutional review boards of the University of California at
Berkeley and San Francisco campuses. The dates of the analy-
sis were January 2015 to June 2016.

Socioeconomic Status
During their child’s kindergarten year (fall semester of 2003,
2004, and 2005) and again during middle childhood (2009-
2011), caregivers provided demographic information via ques-
tionnaires mailed to homes, including items assessing total
household income and level of parental education. Socioeco-
nomic status was calculated using a composite of standard-
ized total income and highest level of parental education.

Genotyping
Children’s DNA was collected in 2010, when they were 9 to 11
years old, using an all-in-one system (OG-500 DNA; Oragene)
for the collection, stabilization, transportation, and purifica-
tion of DNA from saliva. Children were asked to spit into a small
vial, and samples were immediately mixed with stabilizing so-
lution and stored at room temperature until assayed. The tar-
get single-nucleotide polymorphism (rs53576) was assayed
using an assay platform (Taqman SNP Genotyping Assays;
ThermoFisher Scientific) with a mix (Taqman Genotyping
MasterMix; ThermoFisher Scientific) containing the amplifi-
cation primers and target locus probes and run on a poly-
merase chain reaction system (7900HT; Applied Biosys-
tems). The results were analyzed with a software program (SDS;
Applied Biosystems), and a data plot provided genotype calls
for the samples.

Table 1 lists the genotype distribution for OXTR among chil-
dren included in these analyses, which was in Hardy-
Weinberg equilibrium. χ2 Analyses revealed no significant
group differences in age, sex, or racial/ethnic minority status.
Consistent with previous literature19,33 and because of small
numbers of homozygous A carriers found in the population,
individuals were categorized based on the presence of the A
allele (ie, AA/AG vs GG).

Anthropometric Outcomes
Height, weight, and triceps skinfold thickness were collected
during a calendar year when children were in third, fourth, or
fifth grade depending on the cohort wave. Children were
weighed and measured without shoes or heavy clothing by
trained staff using standard protocols and equipment. Body
mass index was calculated as weight in kilograms divided by
height in meters squared. Because children’s BMI values dif-
fer based on age and sex, they were converted to z scores ac-
cording to the US Centers for Disease Control and Prevention
age– and sex–adjusted reference growth curves. Triceps skin-
fold thickness (in millimeters) was averaged across 2 re-
peated measurements on the right arm using calibrated cali-
pers (Holtain Skinfold Caliper; Holtain Limited).

Covariates, including child sex, age, and race/ethnicity,
were assessed via parental report. Because of the small num-
bers for most subgroups and moderate percentage of multi-
racial/multiethnic participants, racial/ethnic group status was
calculated as a dichotomous variable reflecting “minority” vs
white racial/ethnic groups.

Statistical Analysis
Examination of the OXTR polymorphism and SES main ef-
fects, and their interaction, was conducted using multivari-
able linear regression within a software program (SPSS, ver-
sion 21; IBM). Minority status was included as a covariate in both
models. Child age and sex were included as covariates in skin-
fold analyses and were previously adjusted within the calcu-
lation of BMIz. All analyses were performed using standard-
ized variables. Significant interactions (P < .05) were probed in
line with extant DNS research and as outlined by Aiken and
West34 by examining effect estimates from the full-sample co-
variate-adjusted model for the association between SES and
BMIz and skinfold thickness separately for each genotype. Then,
each of these within-group slope estimates was plotted across
the range of SES within the sample to aid interpretation.

Results
Characteristics of the original sample and the subsample used
for this study are summarized in Table 2. The genotyped
subsample (n = 192) was less racially/ethnically diverse and had
families with higher incomes and greater educational attain-
ment compared with nongenotyped children, reflecting the
higher rate of loss of contact with lower-SES and minority fami-

Table 1. Demographic Characteristics of the Sample by Genotype and Tests of Differencesa

Characteristic
GG
(n = 89)

AG
(n = 82)b

AA
(n = 15)b P Value

Sex, No. (%)

Male 41 (46.1) 45 (54.9) 7 (46.7)
.55

Female 48 (53.9) 37 (45.1) 8 (53.3)

Age, mean (SD), y 5.32 (0.31) 5.35 (0.29) 5.39 (0.39)

Race/ethnicity, No. (%)

White 42 (47.2) 49 (59.8) 10 (66.7)
.14

Racial/ethnic minority 47 (52.8) 33 (37.8) 5 (33.3)

a Group differences were investigated
within each variable, with no
statistically significant differences
found (P > .05 for all).

b Because of the lack of differences
and small sample size of children
with AA genotype, and consistent
with existing literature, AA and AG
genotypes were combined for
analyses and referred to as A allele
carriers.
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lies after the initial study was completed. However, this level
of income and education is still largely representative of popu-
lations in the San Francisco Bay area. Of genotyped children,
a subsample of 186 (mean age, 10.3 years; age range, 9.4-11.3
years; 93 female [50%]) of the original sample of 338 (55.3%)
typically developing children had complete SES, growth, and
genetic data across the longitudinal study. The mean (SD) SES
composite of standardized total income and highest level of
parental education was 0.21 (0.80). Other mean (SD) values
were 1.42 (0.07) m for height, 37.12 (8.86) kg for weight, 0.38
(0.97) for BMIz, and 11.10 (4.20) mm for skinfold thickness.

Bivariate correlations between variables are listed in the
eTable in the Supplement. In addition, there was a significant

sex difference in skinfold thickness, with girls having in-
creased skinfold thickness (mean [SD], 12.31 [4.23] mm) com-
pared with boys (mean [SD], 9.91 [3.85] mm).

The results from the multivariable linear regression analy-
ses testing the associations among SES, OXTR allelic varia-
tion, and BMIz, adjusting for racial/ethnic minority status (with
BMIz adjusted for age and sex), revealed a significant interac-
tion between SES and OXTR (β = 0.18; P = .04). Examination
of the covariate-adjusted within-group effect estimates by
genotype revealed a negative association between SES and
BMIz for A allele carriers (n = 97), such that a 1-SD increase in
SES was associated with a decrease in BMIz of 0.28 (95% CI,
−0.47 to −0.09) (US Centers for Disease Control and Preven-
tion age- and sex-normed distribution z scores), whereas SES
was unrelated to BMIz for GG genotyped children (n = 89)
(b = 0.03; 95% CI, −0.21 to 0.26). Using these within-group ef-
fect estimates, Figure 1 shows that SES was related to BMIz only
for children with the A allele, with A carriers exhibiting the
highest BMIz in low SES environments and the lowest BMIz
in high SES environments.

In the second multivariable linear regression model, ad-
justing for the effects of age, sex, and race/ethnicity, the inter-
action between SES and the OXTR polymorphism was signifi-
cantly associated with skinfold thickness (β = 0.17; P = .01).
Examination of the covariate-adjusted within-group effect es-
timates by genotype revealed a negative association between
SES and skinfold thickness for A allele carriers (n = 97), such that
a 1-SD increase in SES was associated with a decrease in skin-
fold thickness of 0.95 (95% CI, −1.77 to −0.12) mm, whereas SES
was unrelated to skinfold thickness for GG genotyped children
(n = 89) (b = 0.17; 95% CI, −0.42 to 1.45). Using these within-
group effect estimates, Figure 2 shows that SES was negatively
associated with skinfold thickness only for A allele carriers, such
that A carriers demonstrated the greatest thickness if in lower
SES families but the least thickness if in high SES families.

The results from both models tested met the full criteria
for identifying a genuine DNS interaction.13 These findings are
summarized in the eAppendix in the Supplement.

Table 2. Characteristics of the Original Sample and the Subsample
Used for This Study

Characteristic

Nongenotyped
Sample
(n = 146)

Genotyped
Subsample
(n = 192)

Age at kindergarten entry,
mean (SD), y

5.28 (0.33) 5.34 (0.31)

Age at anthropometric assessment,
mean (SD), y

9.99 (0.47) 10.03 (0.47)

Sex, No. (%)

Female 67 (45.9) 96 (50.0)

Male 79 (54.1) 96 (50.0)

Race/ethnicity, No./total No. (%)

White 35/130 (26.9) 101/184 (54.9)

African American 37/130 (28.5) 20/184 (10.9)

Asian 17/130 (13.1) 16/184 (8.7)

Latino 7/130 (5.4) 6/184 (3.3)

Multiracial/multiethnic 32/130 (24.6) 37/184 (20.1)

Other 2/130 (1.5) 4/184 (2.2)

Total household income, $

Mean (SD) 6.28 (2.99) 7.67 (2.36)

No./total No. (%)

<10 000 7/127 (5.5) 6/189 (3.2)

10 000-19 999 12/127 (9.4) 4/189 (2.1)

20 000-29 999 7/127 (5.5) 9/189 (4.8)

30 000-39 999 20/127 (15.7) 2/189 (1.1)

40 000-49 999 6/127 (4.7) 9/189 (4.8)

50 000-59 999 8/127 (6.3) 9/189 (4.8)

60 000-79 999 13/127 (10.2) 27/189 (14.3)

80 000-99 999 14/127 (11.0) 36/189 (19.0)

100 000-149 999 22/127 (17.3) 52/189 (27.5)

150 000-199 999 11/127 (8.7) 28/189 (14.8)

≥200 000 7/127 (5.5) 7/189 (3.7)

Level of parental education

Mean 4-y College
degree

4-y College
degree

No./total No. (%)

Less than high school degree 3/131 (2.3) 5/191 (2.6)

Completed high school 12/131 (9.2) 6/191 (3.1)

Some college or 2-y degree 37/131 (28.2) 18/191 (9.4)

4-y College degree 26/131 (19.8) 31/191 (16.2)

Some graduate
or professional school

12/131 (9.2) 27/191 (14.1)

Professional or graduate degree 41/131 (31.3) 104/191 (54.5)

Figure 1. Socioeconomic Status (SES) and Oxytocin Polymorphism
Interaction Predicting Standardized Body Mass Index z Score (BMIz)
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Children with an A allele in low SES families had the highest BMIz, while those in
high SES families had the lowest BMIz. GG children were unaffected by their SES
environment.
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Discussion

These study findings provide the first evidence, to our
knowledge, that the OXTR OT receptor polymorphism con-
fers differential susceptibility to the effects of SES on child-
hood obesity risk. Socioeconomic status was related to obe-
sity risk only for children with the A allele, such that A
carriers exhibited the highest BMIz and skinfold thickness in
low SES environments but the lowest BMIz and skinfold
thickness in high SES environments. The interaction effect
was replicated across 2 related but distinct measures of adi-
posity, strengthening confidence in the reliability of each
association.

Oxytocin is increasingly recognized as an important in-
fluence on metabolic regulation, appetite, and reward-driven
eating processes and as such is a key potential driver of
obesity.21,22,27,35,36 Our findings add to this literature and sug-
gest that individuals carrying the A allele of the OT receptor
polymorphism may be more susceptible to both positive and
negative environmental influences. Consistent with DNS
theory, this pattern indicates that the A allele is best concep-
tualized as a sensitivity allele rather than as a risk allele. This
interpretation is consistent with the findings from a 2012
study15 in children demonstrating that OTXR genetic varia-
tion enhanced sensitivity to the social environment, such that
A carriers were found to have the lowest levels of resilient func-
tioning when maltreated but the highest levels of resilient func-
tioning when not maltreated. Indeed, an article reviewing hu-
man OT studies suggested that OT enhances perception of both
positive and negative social cues,37 which may be a mecha-
nism for such effects, and posits that A carriers may also show
enhanced benefits from healthier environments. Given that
the A allele is associated with less efficacious OT binding and
that OT administered therapeutically results in increased
social cognition and prosocial behavior,37 children with this
variant growing up in stressful environments may have a
more limited capacity for coping with stress and thus experi-
ence unique, greater risk for childhood obesity through the
stress pathway.

Consistent with the literature, we found no main effect of
OTXR genotype on child adiposity, suggesting a more com-
plex association between the polymorphism and body com-
position in humans than in animals. This result is not surpris-
ing given the tremendous variability in human physical, social,
and food environments relative to those of research animals.
Given that OT may enhance sensitivity to positive and nega-
tive social environment factors8 and that OT feeding associa-
tions in mice differed as a function of social ranking and
social environment,26 it is important to consider how future
mechanistic work can inform our understanding of these
associations and their development over the life course in
humans.

The preponderance of empirical evidence in support of
DNS theories to date has come from the neuropsychological
literature, although other health outcomes have been ex-
plored as well.11-14 Evidence has emerged supporting applica-
tion of the DNS model to predict obesity or obesogenic behav-

ior, including 3 studies examining genetic moderation of the
association between social factors and BMI,38 emotional
eating,39 and dietary intake.40 Our results parallel those by Sil-
veira and colleagues,40 who found that the negative associa-
tion between family income and dietary fat intake depended
on genetics in a DNS manner for female adolescents: girls car-
rying the 7-repeat allele of the DRD4 (OMIM 126452) gene liv-
ing in low-income families had increased fat intake com-
pared with noncarriers, whereas girls carrying the 7-repeat
allele and living in higher-income families had decreased fat
intake relative to noncarriers. As such, in addition to inform-
ing our understanding of the complex determinants of health
outcomes, our findings bolster the emerging body of empiri-
cal evidence for organismic (including genotypic) factors pro-
ducing DNS to social environmental influence with respect to
obesity risk. Further investigation of gene × environment in-
teractions may provide important information regarding the
etiology of childhood obesity, specifically how an individu-
al’s allelic variation may enhance sensitivity to both positive
and negative environmental exposures and through which
pathways or, alternatively, produce a relative impermeability
to environmental influence. These areas are exciting new di-
rections for research and hold potential for important prac-
tice implications.

Limitations
As with all studies, this study had limitations. We did not mea-
sure eating behavior, which may be a proximal mechanism of
influence on child adiposity and is associated with OT. Our rela-
tively small sample (for gene × environment interaction analy-
ses) was diverse and moderately heavy, and the genotyped sub-
sample had a somewhat higher SES than the children who were
lost to follow-up, suggesting bias in attrition, so the results may
not generalize to other samples. Also, although using a racially/
ethnically diverse sample was a strength of this study, adjust-
ing for minority status in analyses was not likely to fully ad-
dress potential genetic confounds of race/ethnicity. Additional

Figure 2. Socioeconomic Status (SES) and Oxytocin Polymorphism
Interaction Predicting Skinfold Thickness
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Children with an A allele in low-SES families had the highest skinfold thickness,
while those in high-SES families had the lowest skinfold thickness. GG children
were unaffected by their SES environment.
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limitations stem from controversy within the field surround-
ing examination of gene × environment interaction effects.41-43

Our interaction findings may possibly reflect 2 false-positive
results (type I error), which are possible in any scientific study
but less likely than false-negative results in smaller samples.43

Novel reports of interactions such as ours are thought to be par-
ticularly vulnerable, although the present study was based on
a strong set of a priori hypotheses and understanding of spe-
cific biological and behavioral mechanisms derived from a
growing body of experimental human and animal studies. In
addition, we only examined 2 models, each with the same
genotype; therefore, our study did not increase risk of type I
error through multiple hypothesis testing. Indeed, it is par-
ticularly compelling that the interaction effect replicated in sig-
nificance and in pattern of association across both objec-
tively measured outcomes. Furthermore, our effect size was
moderate and may reflect that our sample possessed a broad
range of environmental exposure, and the genotype of inter-
est was not rare and thus provided sufficient instances of ge-
netic variation, optimal circumstances for the detection of
“true” gene × environment interaction effects.43 However, rep-
lication in an additional cohort of young children would fur-
ther strengthen confidence in our results.

Conclusions

In summary, our findings provide preliminary evidence that
risk for childhood obesity is attributable, at least in part, to ge-
netic sensitivity to socioeconomic environments. The results
highlight the substantial disparities in risk for poor metabolic
health among some individuals and suggest a novel way to
identify children at greatest risk for becoming overweight or
obese within levels of SES to focus behavioral obesity preven-
tion efforts on this population. In addition, although evi-
dence is just emerging and the mechanisms need to be more
clearly articulated, clinical implications of this work could ul-
timately include peripheral OT infusion as treatment for child-
hood obesity, with this approach already being conducted in
early trials with adults. In the clinicaltrials.gov registry, al-
most 400 completed, ongoing, or future-funded investiga-
tions in humans list OT in preclinical trials to reduce caloric
intake, gastric emptying, and obesity.23 Finally, our findings
indicate that the effects of gene × environment interaction in-
teractive processes are evident early in human development,
underscoring the temporal urgency of implementing preven-
tion and treatment plans.
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