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Abstract

Background: In adults, the 7agZapolymorphism (rs1800497) near the D2 receptor (DRDZ) gene
is associated with body mass index and binge eating and is more prevalent among non-Hispanic
Blacks (NHB) and Hispanic-Americans (HA) relative to non-Hispanic Whites (NHW). We
hypothesize 7agZapolymorphism (rs1800497) risk alleles contribute to paediatric racial/ethnic
differences in obesity phenotypes.

Objectives: This study aims to characterize the relationship between the 7agZa polymorphism
(rs1800497), diet and adiposity in a multi-ethnic cohort of 286 children (98 NHB, 76 HA and 112
NHW), ages 7-12.

Methods: Dual-energy X-ray absorptiometry, computed tomography scans and two 24-h dietary
recalls assessed body composition, fat distribution and dietary intakes, respectively.

Results: Children with two 7aglarisk alleles (NHB = 50.0%, HA = 43.3%, NHW = 6.7%)
reported a 20% increase in total energy intake (P = 0.0034) and percent of calories from sugar
consumed (P=0.0077) than did children with less than two risk alleles. Children with two 7agla
risk alleles demonstrated significantly higher total body fat (P = 0.0145), body fat percentage (P=
0.0377), intra-abdominal adiposity (P = 0.0459), subcutaneous abdominal adiposity (= 0.0213)
and total abdominal adiposity (2= 0.0209) than did children with one or no 7agZarisk alleles.
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Conclusions: Our results suggest that having two 7agZarisk alleles is associated with an
increase in reported calorie and sugar consumption and is a potential risk factor for early
development of excess adiposity in multi-ethnic children. These results need to be confirmed in a
larger sample.
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Introduction

Paediatric obesity affects 17.5% of children ages 6 to 11 in the USA (1). Obesity is a
multifactorial disease with identified contributors including genetics (2), poverty (3), low
levels of physical activity (4) and adverse eating behaviour (5). Importantly, non-Hispanic
Black (NHB) and Hispanic-American (HA) children are disproportionately affected by
obesity when than are non-Hispanic White (NHW) children (1); yet potential genetic factors
accounting for these differences remain poorly characterized. Limited genomic information
has been incorporated into research investigating health disparities, although it has direct
relevance to concepts of race/ethnicity, health status, appropriate care and socioeconomic
status (SES). Although the molecular mechanisms that contribute to disparities in the risk of
paediatric obesity remain largely unknown, interactions among environmental and genetic
factors are likely to be relevant.

Reward pathways that modify eating behaviour could partially explain racial/ethnic
disparities in paediatric obesity. For example, dopamine reward circuitry includes dopamine
receptors, which have been associated with eating behaviour and weight gain (6). Dopamine
D2 receptor (DRD2) gene polymorphisms have been found to be related to several addictive
behaviours, or reward-dependent behaviours, such as alcohol/drug dependence, pathological
gambling and motivation (7). The Al allele of the 7agZa polymorphism (rs1800497) is
located downstream of DRDZ2and in an exon of the ANKKZ gene. However, it has been
found to be associated with reduced brain D2 receptor density (8), which has been
demonstrated to increase the risk for overeating and obesity (6).

Previous work has demonstrated frequency of the 7agla ‘risk’ allele (A1) varies according
to race/ethnicity with 19.4% of NHW, 29.6% of HA and 43% of NHB having at least one
Al risk allele (9). Multiple studies have shown that the presence of at least one Al risk allele
is associated with body mass index (BMI) in adults (10); however, a recent meta-analysis
found no relationship between children who are Al+ (defined as having =1 Al risk alleles)
and BMI (11). The meta-analysis focused solely on BMI, and only two of the 10 studies
included a racially/ethnically diverse group of youth (12,13). Given previous research
indicating significant differences in child body composition based on race/ethnicity and
genetics (2), the authors of these studies may have missed significant differences in body
composition by only focusing on childhood BMI as the outcome. Additionally, the studies
did not look at the interplay of relationships based on child genetic or environmental factors
(e.g. diet) with more robust measures of obesity. Thus, there is a need to investigate the
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relationship between presence of the 7agZarisk allele, environmental factors such as diet
and obesity-related outcomes in diverse populations.

Our study objective was to explore the relationships between 7agZapolymorphism
(rs1800497), diet and obesity-related measures in a multi-ethnic cohort of children. We
hypothesize that (i) there will not be a significant relationship between being A1+ and
childhood BMI, (ii) we will observe increased reported energy intake and higher adiposity in
children who have two 7agZarisk alleles relative to those who have less than two risk alleles
and (iii) allele frequency differences will vary by child race/ethnicity.

Study protocol

Participants were 286 children aged 7-12, self-identified as NHB (7= 98), NHW (n=112)
or HA (n=76) from the Birmingham, Alabama, area. Children were recruited at schools,
churches and health fairs and through newspapers, magazines and participant referrals. The
children were peripubertal (pubertal stage < 3 as assessed by a paediatrician according to the
criteria of Marshall and Tanner) (14,15) and had no medical diagnosis or medications
contraindicated for study participation (i.e. medication known to affect metabolism and body
composition). Prior to study participation, the children and parents provided informed assent
and consent, respectively. Protocol for the AMERICO study was approved by the
Institutional Review Board for Human Subjects at the University of Alabama at
Birmingham. Subjects participated in two study visits. On the first visit, pubertal status,
anthropometrics, questionnaire data, dietary recall and body composition by dualenergy X-
ray absorptiometry (DXA) and/or computed tomography (CT) scanning were completed
and/or measured. Within 30 days, the children and parents returned for the second visit,
where buccal samples for genetic admixture analysis were taken and a second dietary recall
was performed.

Anthropometrics

The same registered dietitian obtained anthropometric measurements for all participants.
Participants were weighed (Scale-Tronix 6702W, Welch Allyn, Skaneateles Falls, NY, USA)
to the nearest 0.1 kg (in minimal clothing without shoes). Height was recorded to the nearest
0.1 cm without shoes using a digital stadiometer (Heightronic 235; Measurement Concepts,
Snoqualmie, WA). Children’s BMI-for-sex-and-age percentiles (BMI percentile) were
calculated as indicated by the Centers for Disease Control and Prevention guidelines (16).

Body composition and fat distribution

Body composition (fat mass, lean mass, body fat percentage [%BF]) was measured by DXA
using a GE Lunar Prodigy densitometer (GE LUNAR Radiation Corp., Madison, WI).
Participants were scanned in light clothing, lying flat on their backs with arms at their sides.
DXA scans were performed and analysed with paediatric software version 1.5e (GE Luna
Radiation Corp., Madison, WI, United States of America). DXA has been found to be highly
reliable for body composition assessment in children (17). Owing to financial limitations,
CT scanning was used to quantify distribution of abdominal adipose tissue as total
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abdominal adipose tissue (TAAT), intra-abdominal adipose tissue (IAAT) and subcutaneous
abdominal adipose tissue (SAAT) in a subsample of children (7= 209). There were no
significant differences in demographic variables between children who were assessed with
CT and children who were not assessed via CT. A HiLight/Advantage scanner (General
Electric, Milwaukee, WI) was used to perform a single-slice (5-mm) scan of the abdomen at
the level of the umbilicus. Scans were analysed for cross-sectional area (cm?) of adipose
tissue using the density contour programme with Hounsfield units for adipose tissue set at —
190 to -30. CT has been shown to provide reliable measurements of body fat distribution in
children (18).

Dietary recall

Two 24-h diet recalls were administered and analysed by a registered dietitian using the
‘multiple pass’ method, which provides a cup and bowl to help estimate portion sizes (19).
A parent/guardian was present for, and assisted with, each recall, and all 24-h diet recalls
were conducted on weekdays. A registered dietitian coded and entered the data into
Nutrition Data System for Research version 2006 (Nutrition Coordinating Center, University
of Minnesota, Minneapolis, MN). Total energy intake (kcal d=1), carbohydrate (g), % of
energy from carbohydrate, protein (g), % of energy from protein, fat (g), % of calories from
fat, % of calories from saturated fatty acids, total sugar (g) and % of energy from total sugar
were among the variables analysed. It is important to note that we are aware of non-trivial
errors associated with self-reported estimates of energy intake and we recognize that this
limits the definitive conclusions that can be made from this report alone (20). Rather, we
believe this study provides a unique opportunity to explore our hypothesis of interest and to
identify, on the basis of our results, potential future hypotheses directed toward the
understanding of the physiological differences of individuals who are A1 + (have one or two
Al risk alleles) versus Al — (have zero Al risk alleles).

Physical activity assessment

Given that physical activity is inversely associated with weight in children, we examined
differences in physical activity between the groups (21). Children wore an MTI ActiGraph
accelerometer (GT1M, ActiGraph Health Services, Pensacola, FL) on their waist over the
right hip for 7 days to objectively measure physical activity levels (removal was limited to
times when the child was sleeping, bathing or swimming). Epoch length was set at 1 min,
and physical activity data were expressed as counts per minute (counts min=1). As
previously described, the daily counts per minute > 1952 were summed and analysed as the
average time children spent in moderate and vigorous physical activity (MVPA) (22).

Socioeconomic status

Socioeconomic status has been associated with body composition in children (3); therefore,
SES was used as a covariate in all models related to child adiposity. SES was measured with
the Hollingshead four-factor index of social class (23), which combines the educational
attainment and occupational prestige for working parents in the child’s family. Scores range
from 8 to 66, with higher scores indicating higher social status.
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Pubertal status and sex

Both pubertal stage and biological sex play a role in adiposity accrual and distribution and
were included as covariates in the analysis. Tanner staging is an objective measure of
pubertal development and a better predictor of body composition than age (14,15). Direct
observation for assessment of pubertal stage by the same paediatrician was used for
differentiating among the five stages of maturity, and children at pubertal stage < 3 were
included in this study (14,15). Based on the criteria of Marshall and Tanner, pubertal staging
was assessed according to both breast and pubic hair development in girls and genitalia and
pubic hair development in boys. One composite number is assigned for Tanner staging,
representing the higher of the two values defined by breast/genitalia and pubic hair
development (14,15).

Genetic admixture

Previous work from our group has demonstrated that ancestral genetic background is
associated with fat mass and lean mass in children (2). African admixture (AFADM) and
European admixture (EUADM) estimates were used to adjust for the genetic contribution to
underlying population variability in body composition (2). Genetic admixture estimates were
obtained from genotyping of ~142 ancestry informative markers across the human genome
that provide information about European, African and Amerindian parental ancestry for each
participant. Genotyping was performed at PreventionGenetics (www.preventiongenetics.org)
using the Melting Curve analysis of SNPs (McSNP) method and agarose gel electrophoresis,
as previously described (2,24). Individual admixture estimates were derived using maximum
likelihood method, which estimates the proportion of genetic ancestry for an individual,
using a range of proportions from 0 to 1 and identifies the most probable value of admixture
on the basis of the observed genotypes, as previously described (2).

TaqlA genetic variation

Given our hypothesis that we would observe increased reported energy intake and higher
adiposity in children who have two 7aglarisk alleles relative to those who have less than
two risk alleles, each single-nucleotide polymorphism was individually tested using a
recessive model for association with each trait, adjusting for age, Tanner stage, sex, MVPA,
SES and genetic admixture.

Statistical analysis

Demographic and outcome variables are summarized as mean + standard deviation for
continuous variables, or 17 (%) for categorical variables. Residual analyses were conducted
for each outcome to check independence and normality assumptions using the Kolmogorov-
Smirnov test. Outcomes that were non-normally distributed were transformed using Box—
Cox transformation. General linear regression models were used to assess the association
between the predictor of interest and the outcomes, adjusting for covariates including age,
sex, MVPA, SES, Tanner stage, AFADM and EUADM. For BMI-for-sex-and-age percentile,
age and sex were not included as covariates because BMI percentile is a BMI score already
adjusted for age and sex. The recessive model of 7agZA polymorphism was tested with
variables of interest. The parameter estimate (regression coefficient), standardized parameter
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estimate, type | semi-partial AR? and corresponding A-values were reported. Power analyses
conducted in QUANTO software indicate 84% power to detect an effect size of /2 > 3%,
assuming a recessive genetic model, an allele frequency (A allele) of 33% and a 5% type 1
error rate (25). All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC).
Significance was set at £ <0.05, two tailed.

The baseline characteristics for participants by race/ethnicity are provided in Table 1.
Significant racial/ethnic differences were observed in SES, Tanner stage and BMI percentile.
HA children had higher total fat mass, %BF, IAAT, SAAT and TAAT than had NHW and
NHB children. There were no significant differences in reported total energy, carbohydrate,
fat or sugar consumption between races/ethnicities; however, per cent of energy from
carbohydrate and protein consumption and per cent of energy from fat were significantly
different by race/ethnicity. Table 2 shows unadjusted baseline characteristics by 7agla
polymorphism genotype (AA, AG, GG). Children with two risk alleles have lower SES and
higher mean BMI percentile than have children with no risk alleles. With regard to dietary
intakes, children with two risk alleles had higher energy, carbohydrate and fat consumption
than had children with no risk alleles.

Tables S1 and S2 includes 7agZaallele frequency by sex, weight classification and race/
ethnicity. AA is indicative of the presence of two risk alleles, AG represents the presence of
one risk allele and GG represents zero risk alleles. In the total sample, 12.9% of participants
are AA, 39.5% of participants are AG and 47.5% of participants are GG. There were marked
differences in weight status depending on 7agZla genotype, with 40% of AA, 28% of AG and
20.7% of GG having overweight/obesity. Once stratified by race/ethnicity, 3.6% of NHW,
17.4% of NHB and 21.1% of HA were AA, whereas 96.4% of NHW, 82.7% of NHB and
79% of HA were either AG or GG.

Recessive model results of general linear regression analyses for body composition and
dietary characteristics, adjusting for covariates including age, sex, MVVPA, SES, Tanner
stage, AFADM and EUADM, are shown in Table 3. Children with two risk alleles (AA) had
significantly higher BMI percentile (= 0.0387), lean mass (0.0107), fat mass (P = 0.0145),
%BF (P=0.0377), IAAT (P=0.0459), SAAT (P=0.0213) and TAAT (P=0.0209). Being
AA, relative to the AG or GG genotype, was also significantly associated with consuming
more energy (P = 0.0034) and per cent of total calories from sugar (P= 0.0077), equating to
an approximately 20% increase in energy and per cent total sugar.

Discussion

The Taglaallele has been implicated in obesity in adults, but questions in children remain
regarding its influence on diet and obesity-related outcomes beyond BMI percentile,
particularly in racially/ethnically diverse populations. Our results demonstrate that children
with two 7aglarisk alleles (AA), relative to children with less than two 7agZarisk alleles,
report consuming a diet significantly higher in total energy intake and per cent of calories
from sugar, which could influence obesity-related outcomes. Specifically, having two 7agla
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risk alleles, relative to having one or zero 7aglarisk alleles, is positively associated with all
measures of body composition (including BMI percentile, lean mass, total body fat, %BF,
IAAT, SAAT and TAAT). This suggests that children homozygous for the 7agla
polymorphism (rs1800497) have reduced body fat and central adiposity, even after
controlling for demographic, lifestyle and population genetic factors known to contribute to
child body composition. We hypothesize that a reported dietary pattern composed of
increased energy intake and a higher percentage of calories derived from sugar may
contribute to the less healthy phenotype observed in multi-ethnic children with two 7agla
risk alleles.

Children with two 7aglarisk alleles reported a 20% increase in total energy intake and per
cent of calories from sugar consumed than had children with less than two risk alleles. This
is consistent with previous research demonstrating that when adults with type 2 diabetes are
randomized to a dietary intervention, small differences are observed in eating behaviour
based on 7aglagenotype (10). The presence of 7aglarisk alleles has also been associated
with binge eating in adults (26). The Al allele of the 7agZapolymorphism (rs1800497) is
located downstream of DRDZ2and is associated with reduced brain D2 receptor density (8).
Relative to lean individuals, individuals with obesity have reduced dopamine D2 receptors
(6). The hypothesized mechanism underlying the relationship between eating behaviour and
the 7aglapolymorphism is that individuals with reduced brain D2 receptor density have
hypofunctioning reward circuitry, which leads them to overeat to compensate for a
hypofunctioning dopamine reward system (6). Thus, previous work supports our findings
that children with two 7agZarisk alleles may be more likely to report an energy-dense and
sugar-dense diet, increasing their risk for obesity, than are children with one or zero 7agla
risk alleles.

Although the 7aglapolymorphism may exert some effects through the DRDZ2 gene, it is
important to note that it is located in exon 8 of the ANKKZ gene and may thus exert its
effect through this gene (27). Further-more, in the Genotype-Tissue Expression (GTEX) data
on tissue-specific expression quantitative trait loci (eTLs) data, this polymorphism is most
strongly associated with expression of another nearby gene, 77C12, in subcutaneous
adipose tissue as well as other tissues (27). Further work is thus needed to elucidate the
mechanisms linking this polymorphism to dietary behaviour and obesity.

As mentioned in the, a recent meta-analysis including 10 studies on children and adolescents
found no relationship between childhood BMI and the 7agZaallele (11). However, the
objective of four of these studies was not to look at the relationship between childhood BMI
and the 7aglaallele (28-31). Additionally, two studies only included youth with overweight
or obesity (29,32), and only two included racial/ethnic minorities in the study sample
(12,13). Our study included a larger sample that was appropriately powered to detect the
relationships between 7agZaand obesity than did eight out of the 10 included studies in the
meta-analysis. Moreover, our analysis included robust measures (DXA and CT scans) to
assess body composition and fat distribution. Although the meta-analysis concluded that the
presence of 7aglarisk alleles in children is not associated with obesity (as measured by
BMI), our findings suggest otherwise. Our data add significantly to the literature by
demonstrating that having two 7aglarisk alleles is associated with increased risk for
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increased total body fat and fat deposition in undesirable abdominal regions, which have
been associated with increasing a child’s cardiometabolic risk. Additionally, we tested these
relationships in a multiethnic cohort of children after having controlled for known
biological, genetic and environmental factors known to contribute to body composition, of
which none of the 10 studies comprehensively controlled for. Regardless, further research
should be conducted in larger and more diverse populations of children to confirm our study
findings.

This study had many strengths, including a multiethnic sample of children, with a larger
sample size than the majority of studies conducted in this area of research. Additionally,
Table S1 provides a race-by-genotype display of the study sample that supports previous
research results (9), which indicated a significant difference in 7agZa genotype by race/
ethnicity. Additionally, the majority of previous studies have used anthropometrics (BMI
and/or waist circumference) to examine relationships between obesity and 7agZaallele in
children; hence, our robust measures utilizing DXA and CT scan expand on previous
findings. In addition, our analysis accounted for demographics that have been shown to
independently contribute to body composition (3). Given the established role of genetics in
paediatric body composition, an additional strength of this study includes adjusting for
ancestral genetic background (2). The limitations of this study include its cross-sectional
design, thus requiring further verification in a longitudinal analysis. Thus, we do not ascribe
causality to the relation observed between 7aglaallele presence, diet or body composition.
Additionally, although we had 84% power to detect an effect size of /2 > 3%, assuming a
recessive genetic model, we acknowledge that the sample size is relatively small and further
studies are needed to confirm the associations observed in this study.

In summary, our results found that children with two 7agZarisk alleles report a diet higher
in total energy intake and % of calories from sugar and demonstrate significantly higher total
and abdominal body fat than do children with one or no risk alleles. Thus, children with two
Taglarisk alleles may be at risk for a more energy-dense and sugar-dense diet and early
development of excess adiposity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

%BF body fat percentage

% SFA % of calories from saturated fatty acids
AFADM African admixture

BMI percentile body mass index percentile for age and sex
BMI body mass index

CT computed tomography

DRD2 dopamine D2 receptor gene

DXA dual-energy X-ray absorptiometry
EUADM European admixture

FM fat mass

HA Hispanic-American

IAAT intra-abdominal adipose tissue

LM lean mass

MVPA moderate and vigorous physical activity
NHB non-Hispanic Black

NHW non-Hispanic White

SAAT subcutaneous abdominal adipose tissue
SES socioeconomic status

SNP single-nucleotide polymorphism

TAAT total abdominal adipose tissue
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Table 3

Association of the 7agZa polymorphism (rs1800497) with body composition and dietary characteristics

Dependent SE Standardized estimate  P-value

Body composition

BMI percentile 9.2 0.1 0.0387
Lean mass (kg) 0.0 0.1 0.0107
Fat mass (kg) 0.1 0.1 0.0145
Body fat (%) 0.1 0.1 0.0377
IAAT (cm?) 0.2 0.1 0.0459
SAAT (cm?) 0.2 0.2 0.0213
TAAT (cm?) 0.2 0.2 0.0209
Dietary
Energy (kcal d1) 27.8 0.2 0.0034
%Carbohydrate 14 0.1 0.2532
%Protein 0.1 -0.1 0.2271
Y%Fat 0.0 0.0 0.5399
%SFA 0.1 0.0 0.9712
%Total sugar 7.8 0.2 0.0077
Total sodium 0.1 0.1 0.1074

BMI, body mass index; IAAT, intra-abdominal adipose tissue; SAAT, subcutaneous abdominal adipose tissue; SFA, saturated fatty acids; TAAT,
total abdominal adipose tissue.
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