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Abstract

Objectives—Obesity is associated with multiple health problems and often originates in
childhood. The purpose is to investigate the associations of genetic polymorphisms in genes
related to risk-taking behaviors with body mass index (BMI) trajectory over adolescence among
Mexican Americans.

Methods—This study included 1,229 Mexican American adolescents who participated in a large
population-based cohort study in Houston, Texas. BMI data were obtained at baseline and two
follow-ups. The median follow-up time was 59 months. Participants were genotyped for 672
functional and tagging variants in genes involved in the dopamine, serotonin, and cannabinoid
pathways.

Results—After adjusting for multiple comparisons, three genetic variants, namely 15933271 and
154646310in COMT gene, and rs9567733in HTRZA gene, were significantly associated with
BMI growth over adolescence. Using those three variants, we created an allelic score, and the
allelic score was associated with BMI growth over adolescence (P<0.001). With the increase
number of variant allele, the rate of BMI growth over adolescence was slower. Finally, we
identified another two genetic variants, namely rs17069005in HTRZA gene and 753776511 in
SLC6A3A gene, were associated with obesity at last follow-up.

Conclusions—The results suggest that genetic variants in selected genes involved in dopamine

and serotonin pathways have noticeable effects on BMI over adolescence.
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INTRODUCTION

Mexican Americans adolescents (age 11 to 17) were 1.6 times more likely to be overweight
or obese than Non-Hispanic white adolescents. Adolescent obesity is highly predictive of
adult-onset and severe obesityl: 2. Adult obesity, in turn, increases the risk of chronic
diseases. Clearly, understanding factors that drive the development of obesity among
Mexican American adolescents will be crucial for developing effective strategies to prevent
the expected “outbreak” of obesity-related cancers and cardiovascular disease that is rapidly
approaching.

With the rapid increasing of genome wide association studies (GWAS) and genome
sequencing studies, obesity related genetic variants have been identified® 4. However, most
of those genetic variants are identified from the non-Hispanic white population. Whether
they have the same effects in the Mexican American population remains to be determined.
Furthermore, few studies examined these associations in adolescents and even fewer have
compared the magnitude of effect during different phases of the life course®7,

In adolescents, obesity is thought to be a multi-determined phenotype and associated with
several risk-taking behaviors, including eating behavior and physical activity®: . Thus,
examining polymorphisms associated with these risk-taking behaviors may provide new
insights into the genetic underpinnings of obesity among adolescents. Studies in the past
decade have demonstrated that several genetic pathways, namely dopamine, serotonin, and
cannabinoid pathways, are actively involved in the development of risk-taking
behaviors10: 11, In our previous analysis using the same study subjects as current study, we
found that participants with at least one copy of the minor allele for SNPs in SNAP25
(rs363035 OR=0.53; p=0.005) and CNR1 (rs6454672 OR=0.62; p=0.022) have decreased
likelihood of meeting physical activity recommendations?2.

To date, there has been no comprehensive study of how genetic variants in genes involved in
dopamine, serotonin, and cannabinoid pathways influence BMI growth over adolescence.
Instead of looking at BMI at one time point, our study has measured BMlIs at multiple times
during adolescence. This allows us to apply a longitudinal approach to examine the BMI
developmental trajectory and associated genetic variants during adolescence. The knowledge
from this study may shed light on the biological pathways involved, as well as insights into
the development of obesity to inform the design of interventions.

MATERIALS AND METHODS
Study design and population

Our data were derived from Mexican origin adolescents who were participants enrolled in a
prospective cohort study of smoking behavior that began in 2005-06. In 2008-09, 90.6% of
the original participants completed a follow-up; in 2010-11, 75.8% of the original
participants completed a second follow-up. Participants were drawn from a population-based
cohort of Mexican-American households launched in 2001 by the Department of
Epidemiology at The University of Texas M. D. Anderson Cancer Center, called the Mano-
a-Mano Mexican American Cohort Study (MACS). To be eligible to participate in the
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MACS, participants had to self-identify as Mexican or Mexican American; thus all parents
of our participants are either Mexican or Mexican American. Households were initially
recruited into the cohort from predominantly Mexican American neighborhoods in Houston,
Texas. A detailed description of the cohort recruitment methodology has been described
previously3. A total of 3,000 households with potential age-eligible (adolescents between
the ages of 11 and 13 years) participants were identified from the cohort database. Of the
first 1,425 potential participants’ parents or legal guardians contacted to assess interest in the
study, just over 90% agreed to enroll their child in the study (N=1,328) at baseline. All
parents and legal guardians provided informed consent and all minors provided informed
assent. The institutional review board at The University of Texas M. D. Anderson Cancer
Center approved all aspects of this study.

Data collection

The BMI measurement data included in the current analysis were collected via measurement
in the home at baseline and two follow-ups by research staffs. Informed written consent and
saliva samples were obtained at baseline, when participants enrolled in the study. A detailed
description of the data collection procedures has been published!®. Briefly, after consenting
into the study, each participant completed a 5-minute personal interview during which basic
demographic (gender, age, nativity status (US or Mexico)), acculturation datal®, and parental
educational attainment were collected. Household socio-economic status (SES) was assessed
using parental educational attainment rather than household income because more than 40%
of the parents did not report their income, while the majority reported educational
attainment16, The adolescent’s subjective view of where he or she lies in the school-based
social hierarchy, was assessed using a version of the MacArthur Scale of Subjective Social
Status adapted for adolescents!’.

SNP selection and genotyping

Saliva samples were obtained in Oragene vials (DNA Genotek, Ottawa, Ontario, Canada).
DNA extraction was performed per the manufacturer’s protocol. Candidate genes were
identified from literature searches using the following key words: sensation seeking, novelty
seeking, risk taking, gambling, smoking, and alcohol usel8. This list was cross-referenced
with the Gene Ontology Database (http://pid.nci.nih.gov/) and Kegg Pathway to confirm
pathway information. Tagging SNPs were selected from the International HapMap Project
(Release 21 with NCBI build 36; http://www.hapmap.org). The following selection criteria
were used: located in the respective gene or within 10 kb upstream or downstream of the
gene ends to cover the regulatory regions; minor allele frequency (MAF) >5% in various
ethnic groups; and not already represented by a current tag SNP at a linkage disequilibrium
(LD) of /2>0.80. We also targeted SNPs in coding and regulatory regions. Genotyping was
conducted following standard procedures!®. Genotype calls were made when a genotype
yielded a quality score (Gencall value) of 95% or higher. Among these markers, 1.2% of
calls were missing (8 of 672). Seventy blind duplicate pairs were included, and the
concordance of SNP genotype calls was greater than 99%.

Pediatr Obes. Author manuscript; available in PMC 2018 October 01.


http://pid.nci.nih.gov/
http://www.hapmap.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al. Page 4

Statistical analyses

Chi-square tests were used to compare socio-demographic characteristics and categorical
measures of TAS and subjective social status. First, we assessed the association between
each single SNP and BMI trajectory. We used individual growth curve modeling, a
technique well suited for longitudinal data2®: 21, Individual growth curves in BMI are
characterized by their intercept (or level) and slope (rate of change). We modeled the effects
of age, age?, sex, acculturation, parental education, trait anxiety, subjective social status and
their interactions on the development of BMI using random coefficients linear models. Here,
we added SNP genotype (and their interactions with age, age?, sex, acculturation, parental
education, TAS, and subjective social status) as fixed effects to a mixed linear model that
includes the intercept, age and age? and as random effects. Model effects of SNP genotype,
sex, acculturation, parental education, TAS, subjective social status and their interactions
represent effects on the growth curve level. Effects on the rate of change of BMI over
adolescence were modeled as interactions with age and age?. The analysis of individual
growth curves was implemented using mixed linear models in Proc Mixed of the SAS/Stat
software package (Release 9.4, SAS Institute Inc., Cary, NC, USA). For single SNP
analysis, we performed bootstrapping analysis to evaluate the chance of false positive
associations for the variants studied using P=0.80 as the cutoff point. This process resulted
in the identification of 3 significant SNPs, namely rs933271, rs9567733, and rs4646310.
Because a priori we do not know the mode of inheritance, we tested each significant SNP
using dominant, recessive, and additive models and selected the most parsimonious. The
dominant model was the most parsimonious model for all 3 SNPs. Second, using those 3
SNPs, we created an allelic score. The score ranges from 0 (no variant allele) to 3 (all 3
variant alleles). The allelic score was treated as the categorical variable. We used a similar
approach, described above for single SNP analysis, to assess the effect of allelic score on
BMI growth trajectory. Linear regression analysis was performed to assess the effect of
variant alleles on BMI. Survival analysis was used to estimate the effects of SNPs on obesity
at last follow-up. Hazard ratio (HR) and 95% conference interval (95% CI) were calculated.
Socio-demographic characteristics and categorical measures of trait anxiety and subjective
social status were adjusted in the analysis as appropriate.

RESULTS

Table 1 summarizes selected demographic characteristics and psychosocial risk factors at
baseline, 15t and 2" follow-ups. At baseline in 2005-06, we had 1,229 Mexican American
adolescents recruited for the study. The mean BMI was 22.9. The average acculturation
score was 3.5 on a five-point scale, with higher scores reflecting higher levels of
acculturation. In 2008-09, 1,114 of the original participants (90.6%) completed the 15t
follow-up. And in 2010-11, 932 of the original participants (75.8%) completed the 2nd
follow-up. There were no significant distribution changes in terms of gender, birth country,
parent education, acculturation, subjective social status, and trait anxiety from baseline to 15t
and 29 follow-ups. However, the mean BMI increased from 22.9 at baseline to 25.1 at 15t
and 25.6 at 2" follow-ups (p<0.01).
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Genotyping was completed on a total of 672 SNPs, 8 SNPs were failed on all participants,
and 86 SNPs failed the frequency test (MAF<0.05). Thus 578 SNPs were included in the
analysis. There were 26 SNPs with P<0.05 based on the best model fit (additive, dominant,
or recessive model) (Supplemental Table 1). After controlling for false discovery, we
identified 3 SNPs with a statistically significant at 0.80 and prior probability of 0.05. They
were 15933271, rs9567733, and rs4646310 (Supplemental Table 2). Both 75933271 and
154646310 are tagSNPs for Catechol-O-methyltransferase (COMT) gene. COMT gene
encodes an important modulator in the catabolism of extra-neural dopamine, which plays an
important role in drug reward mechanisms. rs9567733is a tagSNP for 5-Hydroxytryptamine
(Serotonin) Receptor 2ZA (HTR2A) gene. HTR2A gene encodes one of the receptors for
serotonin, and HTR2A is a neurotransmitter that plays an important role in many
physiologic processes. As shown in Figure 1a, BMI increased with age. However,
individuals with 75933271 G variant allele had statistically significantly slower BMI growth
than those without 75933271 G variant allele (P=0.002). Similar trends were also observed
for rs9567733 and rs4646310 (Figures 1b and 1c) (P=0.003 and 0.004, respectively).

Using those 3 significant SNPs, we created an allelic score, ranging from 0 (without any
variant allele) to 3 (with all 3 variant alleles). After controlling for socio-demographic
characteristics, TAS, and subjective social status, we found that the allelic score was
statistically significantly associated with slower BMI growth over adolescence (P<0.001)
(Figure 1d). With the increase number of variant allele, the rate of BMI growth over
adolescence was slower. Compared to those with all 3 variant alleles, those with two, one
and no variant alleles had BMI increase of 0.185, 0.289, and 0.491 kg/m? per year (Table 2).
The P for trend was statistically significant (P<0.001). In further stratified analysis by
gender, we didn’t observe any evidence for gender difference for allelic score (data not
shown).

Next, we explored the relationship between the SNPs and BMI at the last follow-up. A total
of 25 SNPs were found to be associated with BMI at last follow-up (P<0.05). After
controlling for false discovery, we identified 3 SNPs with a statistically significant at 0.80
and prior probability of 0.05. They were rs933271, rs9567733, and rs4646310
(Supplemental Figure 1). Interestingly, they were the same SNPs which were associated with
BMI trajectories. Compared to those without 75933271 variant alleles, those with 7933271
variant alleles had less BMI at last follow-up, after controlling socio-demographic
characteristics, TAS, and subjective social status (26.3 vs 25.5, P=0.003). Similar difference
was observed for 159567733, and rs4646310.

Finally, we investigated whether the SNPs might predict the occurrence of obesity at last
follow-up. A total of 36 SNPs were found to be associated with obesity at last follow-up.
After controlling for false discovery, we identified 2 SNPs with a statistically significant at
0.80 and prior probability of 0.05. They were rs17069005 and rs3776511 (Supplemental
Table 2); the first (rs17069005) is a tag SNP for HTRZA and the second (rs3776511) s a tag
SNP for SLC6A3A. Compared to those without 759567733 variant allele, those with at least
one rs9567733 variant allele were associated with 3.81 fold increased risk of obesity
(HR=3.81, 95% ClI: 1.78, 8.18), after controlling baseline BMI, age at baseline, sex, birth
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location, years in US, acculturation, parent education, and overweight status of parent. A
similar association was observed for rs3776511 (HR=2.98, 95% CI: 1.44, 6.19).

DISCUSSION

In this longitudinal analysis, we investigated the association of selected genetic variants in
genes known to be involved in dopamine, serotonin, opioid, and cannabinoid pathways with
BMI trajectories over adolescence among Mexican American adolescents. We found a total
of 26 SNPs that were associated with BMI growth over adolescence (P<0.05). The
significant associations remained for 7933271 and rs4646310on COMT and rs9567733 on
HTRZA genes, even after adjusting for multiple comparisons. Using the 3 SNPs, we created
an allelic score, and found that the allelic score was significantly associated with the rate of
BMI growth during adolescence (P<0.001). Although we are not the first study to examine
an allelic score in relation to BMI growth over adolescence, the SNPs we examined are
different from previous studies®’. To date no studies have investigated relationship between
SNPs on genes in the dopamine, serotonin, opioid, and cannabinoid pathways, with BMI
trajectories during adolescence. In addition, to date, no studies have investigated allelic
scores and BMI trajectory in Mexican American adolescents, who are more likely to be
overweight or obese than their Non-Hispanic white counterparts.

The neurotransmitters, serotonin, noradrenaline and dopamine are important in the central
nervous system regulation of many physiological processes including energy and glucose
homeostasis. In a recent study in Turkey, Araz et al. found that 1359G/A polymorphism in
cannabinoid receptor-1 (CNR1) genes was associated with childhood obesity?2. In a recent
genetic association analysis of 30 genes related to obesity in a European American
population, 7s912127in HTR2A was associated with obesity23. This SNP was not included
in our analysis, but we found rs9567733, a tag SNP in the promoter region of HTR2A, was
significantly associated with BMI trajectory during adolescence (P=0.003). H7R2A encodes
one of the receptors for serotonin. HTR2A is a neurotransmitter that plays an important role
in many physiologic processes such as sleep, appetite, thermoregulation, pain perception,
hormone secretion, and sexual behavior?4, How serotonin affects food intake is not fully
understood yet. However, evidence suggests that serotonin enhances melanocortin 4
receptors (MC4), which are involved in the control of food intake in the hypothalamus?®.

COMT is an important modulator in the catabolism of extra-neural dopamine that plays an
important role in drug reward mechanisms. In Danish adults, Kring et al. observed that
154680 GG-genotype in COMT gene was associated with BMI (OR =1.08, Cl = 1.01-1.16),
although the association was not significant after multiple comparison adjustment28. In our
study, we did not observe a significant association between rs4680 variant alleles and BMI
growth during adolescence. However, we observed two tag SNPs, 15933271 and rs4646310,
on COMT gene, which were significantly associated with the BMI trajectory during
adolescence. There is evidence in both animal and human studies that dopamine plays a role
in obesity through regulation of appetite?’: 28,

The allelic score method has been used previously in studying BMI growth during childhood
and adolescence3 > 7. Using 32 adult obesity-related GWAS SNPs, Warrington et al. created
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an allelic score and found that the allelic score was associated with BMI growth throughout
childhood, explaining 0.58% of the total variance in BMI in females and 0.44% in males®.
However, because different SNP sets are used in different studies, it is difficult to compare
the results across the studies. A useful extension to the current study would be to create a
comprehensive allelic score including SNPs used in other studies (e.g. obesity related
GWAS SNPs) as well as ones used in current studies. Such effort would help us further
understand the genetic etiology of BMI growth during adolescence.

Interestingly, the three SNPs associated with BMI growth during adolescence are also
associated with BMI at last follow-up. In the current study, the age at last follow-up is
around 17 years old, which is the transition period from adolescence to adulthood. Guo et al.
showed that BMI at age 17 was a predictor of adult obesity at age 35 years old for young
males?®. If BMI at age 17 is over 75%, 85%, and 95% percentile of the Centers for Disease
Control and Prevention BMI-for-age growth chart, the probabilities of adult obesity at age
35 for young males were 0.11, 0.20, and 0.52. The probabilities were even higher for young
women at age 352°. Thus, in addition to reported associations with BMI growth trajectory
and BMI at 17 years old, these three significant SNPs may also be associated with adult
obesity. Such an observation is consistent with the life course epidemiology hypotheses — the
determinants of adult susceptibility to obesity begin in early life (childhood and
adolescence) and develop over the life course.

The main strength of this study is the prospective design, which allowed us to examine BMI
growth over adolescence. The main limitation is the lack of an independent replication
population. Thus we must consider out findings preliminary and interpret our results
cautiously. The selection of our study population may be biased toward low social economic
status since only 17% of the parents of our study subjects have above high school education.
This may pose a problem in potential generalizability of the findings to other groups. In
addition, we don’t have metabolic biomarkers on the study subjects30. Nevertheless, the
results from this study provide the first line of evidence to support the involvement of
dopamine and serotonin pathways in adolescent BMI growth trajectory.

In conclusion, we conducted an association analysis in a large Mexican American
adolescence population to investigate the effect of known genes involved in dopamine,
serotonin, opioid, and cannabinoid pathways on adolescent BMI growth trajectory. Such
knowledge, if confirmed, could help identify Mexican American adolescents who are at high
risk of developing obesity during their adulthood when they just become adolescents.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Individual SNPs and allelic score predicting rates of BM| changes over adolescence
1a) r5933271; 1b) rs9567733, 1c) rs4646310, 1d) allelic score
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Table 1
Characteristics of the study participants
Variables Baseline Follow-up 1  Follow-up 2
N=1229 N=1114 N=932

Age

mean(std) 11.9(0.84) 14.3(1.04)  16.7(1.12)
Sex N(%)

Male 608(49.47)  552(49.55)  452(48.50)

Female 621(50.53)  562(50.45)  480(51.50)
Birth Country N(%)

Mexico 320(26.06)  290(26.03)  244(26.18)

us 008(73.94)  824(73.97)  688(73.82)
Parent Education N(%)

< High School 789(65.48)  715(65.54)  605(65.98)

High School 209(17.34)  188(17.23)  148(16.14)

> High School 207(17.18)  188(17.23)  164(17.88)
BMI

mean(std) 229(5.77)  25.1(6.47)  25.6(6.59)
Acculturation

mean(std) 3.5(0.89) 3.5(0.72) 3.4(0.71)
Years live in the U.S. (Mexico born only)

mean(std) 6.8(3.31) 9.5(3.38) 11.7(3.37)
Subjective social status

mean(std) 8.2(1.66) 7.8(1.49) 7.9(1.42)
trait anxiety

mean(std) 38.1(9.87)  38.4(9.53)  39.1(9.40)
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Growth curve modeling analysis to assess the relationships between the allelic score and BMI growth

trajectories over adolescence

Table 2

Effect

Intercept

Age

Age?

Acculturation

Gender

Subjective social status
Trait anxiety

Number of variant allele

o B N W

Estimate
22.188
0.644
-0.060
0.213
0.457
-0.038
0.002

0.795
0.852
0.526

Number of variant allele x age

3
2
1
0

0.185
0.289
0.481

Standard Error
0.517
0.078
0.010
0.112
0.371
0.043
0.007

0.551
0.569
0.920

0.071
0.073
0.119

t Value
42.94
8.25
-6.11
1.9
1.23
-0.9
0.33

1.44
1.50
0.57

2.62
3.96
4.03

Pr > [t]
<0.001
<0.001
<0.001
0.058
0.218
0.367
0.743

0.149
0.135
0.567

0.009
<0.001
<0.001
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