1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

> % NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATTG,

O

Published in final edited form as:
Pediatr Obes. 2014 October ; 9(5): €80-€90. doi:10.1111/j.2047-6310.2013.00181.x.

Gender Difference in Interactions between MAOA Promoter
UVNTR Polymorphism and Negative Familial Stressors on Body
Mass Index among Chinese Adolescents

Bin Xiel”, Dalin Li2", Stephanie J. London3, Paula H. Palmer!, C. Anderson Johnshon?,
Yan Li4, Jean Shih®, Andrew W. Bergen®, Denise Nishita®, Gary E. Swan®, Rosa Ahn’, and
David V. Conti8

1School of Community and Global Health, Claremont Graduate University, Claremont, CA 91711

2Medical Genetics Institute, Cedars-Sinai Medical Center/University of California at Los Angeles,
Los Angeles, CA 90048

3Division of Intramural Research, National Institute of Environmental Health Sciences, National
Institutes of Health, Department of Health and Human Services, Research Triangle Park, NC
27709

4Wuhan City Food and Drug Administration, Wuhan, P. R. China

5School of Pharmacy, University of Southern California, Los Angeles, CA 90089
6Center for Health Sciences, SRI International, Menlo Park, CA 94025

7Joint Science Program, Scripps College, Claremont, CA 91711

8Department of Preventive Medicine, Keck School of Medicine, University of Southern California,
Los Angeles, CA 90033

Summary

Objectives—Monoamine oxidase A (MAOA) modulates metabolism of serotonin and dopamine
metabolism, neurotransmitters involved in regulation of appetite and food intake. The gene coding
for MAOA contains a 30-bp tandem repeat (UWNTR) polymorphism in its promoter region that
has been previously identified to be associated with obesity with mixed findings in the literature.
Our goals were to replicate the population effects of this functional polymorphism on obesity risk,
and to further explore gender differences and interaction effects with negative stressors.

Methods—Analyses were conducted with data on genotypes, measured weight and height, and
self-reported behavioral characteristics among 1,101 Chinese adolescents 11-15 years old living in
Wuhan, China.

Results—Girls with the high activity allele had significantly lower BMI (=-0.25+0.98, p=0.011)
compared to those with the low activity allele. Experience of negative familial stressors(e.g., death
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or illness of family members, hit or scolded by parents and increased quarreling with parents,
parents argued frequently) significantly weakened this protective genetic effect on BMI (p for
interaction=0.043). Stratified analyses showed a significant protective genetic effect on BMI only
within the stratum of low stress level (B=-0.44+0.14, p=0.002). No similar effect was observed
among boys.

Conclusions—Our findings confirm the genetic effects of MAOA uVNTR polymorphism on
BMI in a Chinese adolescent population and suggest potential genetic interactions with negative
familial stressors.
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Introduction

Obesity has emerged as a worldwide epidemic and is a public health problem in many
industrialized countries and recently in developing countries undergoing rapid economic
transition, such as China(1). An alarming increase in pediatric obesity occurred between
1985 and 2006 with the prevalence of overweight and/or obesity of 15.4% in 7- to 17-year
old boys and 11% in girls(2, 3). The prevalence is even higher in the developed metropolitan
areas of China(4, 5). Obese children and adolescents are more likely to maintain their
obesity into adulthood, which may contribute to enhanced morbidity and susceptibility to
chronic diseases such as cardiovascular disease, diabetes, and certain cancers in later life
(6-8).

Susceptibility to obesity is determined by both joint effects of genetic and environmental
factors with existence of potential complex gene by environment interactions, in which
environmental factors may prompt gene-regulated phenotype expression. In previous
studies, chronic stress due to either stressful life events or daily hassles has been linked to
the etiology of obesity as a promoting factor by interacting with both mechanisms of energy
intake (increase of appetite and energy intake) and expenditure (decrease of physical
activity) (9-11). The underlying biological mechanisms may largely be attributed to the
involvement of dopamine and serotonin in regulation of mood, diet, physical activity and
inactivity. Monoamine oxidase A (MAOA) is one of the major enzymes responsible for the
degradation of neurotransmitters including serotonin (5-HT) and dopamine (DA), rendering
them inactive in the synapses of the brain (12, 13). Dysregulation in brain monoamine levels
may potentially influence energy balance as these amines are associated with feeding
behaviors and enjoyment of food (14, 15). The MAOA linked polymorphic region (MAOA-
LPR) has been identified to affect the MAOA transcriptional activity and contains a 30-bp
variable number tandem repeat (UWNTR) polymorphism in its promoter region (16-19). The
30-bp repeated sequence presents in 2, 3, 3.5, 4, or 5 copies; alleles with 3.5 or 4 repeats
have been reported to be 2—10 times more efficient than those with 3 copies in transcription
(16, 20, 21). Several recent studies indicate initial evidence of a genetic effect such that the
high-activity MAOA uVNTR polymorphism may be associated with lower risks of obesity
and decreased BMI even though findings were varied across populations (22-25). Although
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recent genome-wide association studies (GWAS) for obesity did not find evidence for
MAOA among populations with European origins, there is a need for studies on various
ethnic groups as well as for tests of gene-environment interactions. Replication studies with
population-based samples are clearly warranted and necessary to quantify the population
effects of relevant genetic variants to the risk of obesity. Furthermore, additional
investigation to identify complex gene by environment interactions is crucial to gain insight
on the causes of obesity, and thus, potential avenues of prevention.

Stress, especially academic stress, family conflict and disruption of family life, among
Chinese adolescents has become an increasing problem that is associated with depression,
anxiety, conduct disorders, suicide attempts and drug abuse (26-29). Limited research has
focused on the investigation of population-level gene-environmental effects of stress and
genetic variants on obesity among adolescents (11, 30). In this paper, we aimed to replicate
the population effects of the functional polymorphism of the monoamine-regulating gene on
risks of obesity among Chinese adolescents 11-15 years old. In addition, we further explored
gender differences and interactive effects with multiple-domains of negative stressors and
hypothesized that exposure to negative stressors would prompt gene-regulated obesity.

Sample and Data

Secondary data were retrieved from the Wuhan Smoking Prevention Trial (WSPT) for
Chinese adolescents in Wuhan, China, through two consecutive cycles of the Pacific Rim
Transdisciplinary Tobacco Use Research Center (TTURC). During the first grant cycle
(1999-2004), a school-based randomized control trial was implemented in 1999 with 7th
grade students living in Wuhan, China to evaluate the effectiveness of a culturally
appropriate school and family smoking prevention curriculum with a social normative
approach for Chinese adolescents (31). Design and procedures of the prevention trial, school
selection, and recruitment have been described in detail in two previous papers with baseline
data (32) and intervention outcomes (31). The original cohort at baseline in 1999 consisted
of 7t grade students randomly selected from 22 middle schools in urban and rural Wuhan
with four classes randomly selected from each school. Among the selected classes in each
school, two classes were further randomly selected to compose a subcohort for measurement
of body weight and height at baseline. A total of 2179 (1156 boys and 1023 girls) healthy
Chinese adolescents aged from 11 to 15 years (12.9+ 0.7) completed weight and height
measures. Socio-demographic, psychological and behavioral characteristics at baseline were
measured with self-reported questionnaires. Questionnaire items were translated from
English to Mandarin, then back translated to English by translators fluent in both languages
and trained in behavioral research. Buccal cell samples were collected from students in 1999
as a source of DNA (33). A total of 1,101 students (530 girls and 571 boys) with genetic
data, and measured weight, height and behavioral characteristics were included for the
analysis in this paper. The study was approved by the Institutional Review Boards at both
the University of Southern California and Wuhan Anti-Epidemic Station (now the Wuhan
Center of Disease Control and Prevention).
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Obesity Phenotype—Measurements of height and weight were collected using a standard
calibrated scale and stadiometer, with subjects wearing light clothes with either thin socks or
no shoes. Body weight was measured in pounds and subsequently converted to kilograms.
Height was recorded to the nearest 0.1 centimeter. Body mass index (weight in kilograms
divided by height in meters squared) was used to quantify underweight, overweight and
obesity status. The BMI age-gender-specific reference chart recommended by the
International Obesity Task Force (IOTF) reference for international populations was used to
quantify overweight and obesity status (34). Age- and gender-specific BMI Z scores, which
have been widely used in the pediatric obesity literature as optimal measures for adiposity in
childhood and adolescence, were used for the analysis (35-37).

Stressful Life Events—Stressful life events were assessed through a checklist of 99
items, that were grouped into categories based on their domain (school, family, peers, and
self) and valence (positive or negative). Positive events were those generally considered
pleasant, while negative events were those generally considered unpleasant. Students were
asked to indicate which of the events they had experienced in the past 6 months. For each
event they experienced, they were asked to rate the severity of the event on a 4-point Likert-
type scale ranging from O (no effect) to 3 (severe). Descriptions of the development of the
checklist and items in each scale can be found elsewhere (29). To generate items for the life
events scale, a pilot study was conducted with 75 male and 74 female seventh- to ninth-
grade adolescents from three classrooms in a school in Wuhan, China (mean age of 14.0
years){Unger, 2001 #522}. Students were asked to generate open-ended responses to the
questions measuring daily hassles or pleasures, and major life events during the past 6
months of their life, translated from Compas, Davis, Forsythe, and Wagner {Compas, 1987
#695%}. Daily hassles can be events that irritate, annoy, or upset them or can cause problems,
pressures, or difficulties for them. Daily pleasures can be events which made them feel
happy, joyful, or at peace, which can happen once, twice, or many times during a month.
Major positive or negative life events included those events which have had a large effect on
their life or led to changes in how they feel about themselves, their health or well-being,
their relationships with other people, or how well they did at school. Each of these major
events had probably happened only once during the last 6 months but had a large effect on
them when it occurred. All events listed by the students then were examined for content and
were coded by two bilingual undergraduate students. Events that were similar in meaning
but had slightly different wording were reworded to avoid generating numerous redundant
life events. The initial inter-rater reliability was 91%. The two students discussed all the
items they had coded differently and arrived at consensus for each item. Then these items
were further examined by school staff and public health officials in Wuhan, China, who
made minor wording modifications (to ensure that the content would be understandable by
Chinese youth), combined several categories that seemed redundant, and added several new
categories based on their previous research and discussions with students in Wuhan. The
final list of life events was used as a life event checklist for the large-scale surveys.The
domains of school, family, peers and individual (self) were chosen because they represent
the most frequently reported sources of stress among Chinese adolescents (29, 38). This
instrument measuring stressful life events was used to predict significant depressive
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symptoms as they related to smoking and alcohol use in this Wuhan adolescent cohort (26,
29). In this paper, we narrowed our analyses to focus on negative stressors (or stressful
events), which included negative school stressors (e.g., too much homework, disliked
school), negative family stressors (e.g., death or illness of family members, hit or scolded by
parents and increased quarreling with parents, parents argued frequently), negative peer
stressors (e.g., misunderstood by peers, lost face in public), negative health stressors (e.g.,
have taken sedative medicine, not had enough sleep), and negative violence stressors (e.g.,
were shocked by an event, witnessed a car accident). For each category of stressor, each
student's score was the number of events in the category that the student reported. The unit
weighting method (giving each event an equal weight rather than weighting items by their
severity) was used because unit weighting methods produce smoother scale distributions and
tend to correlate highly with weighted scales (39), and the scales weighted by event severity
tended to have skewed distributions. Both average scores and a median-split (low vs. high
level) of average scores were created for each category of negative stressors.

MAOA Promoter uVNTR Polymorphism—DNA was successfully extracted from all
buccal cell samples (33). The GeneScan method was used to determine the allele size of
MAOA Promoter uVNTR Polymorphism. The MAOA promoter 30-bp repeat was amplified
by PCR with oligonucleotide primers: VICMAOA_HermanF (5'-
CAGAAACATGAGCACAAA CGCCTCAGC-3’) which was labeled with VIC and
MAOA_mHermanR (5’-GACCGCCACTCAGAACGGACG-3) (40). PCR reaction
contained 50 ng of genomic DNA, 200nM of each primer, 1.25 unit of Amplitag Gold
polymerase from ABI with Premix Buffer E from Epicentre Biotechnologies in a total
volume of 20 pl1. Cycling conditions included initial denaturation at 94 °C for 10 min,
followed by 32 cycles of 34s at 94 °C, 34 s at 62 °C, 1.5min at 72 °C, and a final elongation
step for 7 min at 72 °C. PCR products were assayed on Applied Biosystems 3130x| Genetic
Analyzer with GS500 L1Z size standard (35-500 bp, ABI). Results were analyzed using
GeneMarker v1.5 (SoftGenetics) software.

In addition, covariates considered in the analysis consisted of a student's self-reported age,
pubertal status, residence (urban or rural), and report of parent's education levels. Pubertal
status was assessed with the following questions: “How old were you when you had your
first period? (for girls)”, and “How old were you the first time that your Adam's apple got
bigger, or that your voice changed, or that you had started to grow a beard (for boys)?*.
Subjects who reported “Hasn’t happened yet” were defined as “pre-pubertal”, while subjects
giving a specific age were defined as “pubertal” (41, 42). Father's and mother's education
levels were obtained by collapsing the highest levels of education received by either father
or mother into three categories: less than high school, high school and college or above.

Data Analysis

Descriptive statistics (mean, standard deviation and percentage) were calculated to reflect
the background characteristics of the sample. Alleles of MAOA uVNTR were categorized
by the relative transcriptional activity into two categories, high function (3.5 or 4 repeats)
versus low function (3 repeats or other alleles) according to the extant literature on this
functional polymorphism of MAOA gene (15, 24, 25). As the effect of the rare alleles (2 or
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5) on transcriptional activity remains inconclusive in the literature, sensitivity analyses were
conducted with data excluding the 21 participants with the rare genotypes (16, 20).

Age- and gender-specific BMI Z scores were used for the association analyses of genetic
main effects and gene-environment interactions. Considering the potential gender difference
in the genetic effect of MAOA, only gender-specific analyses were performed for the
MAOA uVNTR. In boys, the BMI Z score of the carriers of the high activity alleles (3.5 or 4
repeats) were compared to that of the low activity allele carriers (3 repeats or other alleles).
In girls, the heredity model of MAOA uVNTR remains unclear, and we grouped the carriers
of the low activity allele, whether heterozygote or homozygote, and compared it to carriers
of two high activity alleles (4R/4R or 4R/3.5R). This grouping strategy was based on the
results of two previous investigations(43, 44). This grouping strategy was applied to both the
marginal main effects and interactions of various domains of negative stressors with MAOA
genotype on BMI.Mixed-effect models were used in the analysis with adjustment for the
intra-class correlations due to the nested study sampling design (i.e. students nested within
schools).

When a P value was less than 0.05 for the genotype-stressor interaction term was observed,
an additional 2-degrees of freedom likelihood ratio test on both main genotype effect and its
interaction with stressors was performed to investigate the overall role of the MAOA
UVNTR in the phenotype. To clarify the interpretation of significant interaction effects,
stratified analyses were conducted to get simple main effects within stratum of low and high
stress levels. Age, pubertal status, and parental education were controlled as covariates in all
models. All statistical analyses were carried out using SAS (version 9.1; SAS Institute, Cary,
NC) and R (version 2.12.2; R Foundation for Statistical Computing).

The general characteristics of this sample are summarized in Table 1 below. The majority of
students were aged 12 or 13 years old, had entered puberty, had parental education
attainment at high school, college level or above, and were classified as non-smokers, non-
drinkers or being not overweight/obese. On average, boys were slightly older than girls
(12.8+0.6 vs. 12.7+0.6, p=0.0003). In comparison to boys, relatively more girls reported
having entered puberty, and relatively fewer girls were classified as being overweight or
obese (p=0.03) or as occasional/regular smokers (p<0.0001). Significant gender differences
in distributions of all categories of negative stressors were observed, in which girls reported
slightly more experience with negative stressors than boys did.

Allele frequencies of the MAOA polymorphisms for both boys and girls were 0.39 for 4
repeats, 0.60 for 3 repeats, 0.0006 for 3.5 repeats and 0.01 for other alleles. The allele
frequencies fell within expected ranges, based on prior published reports in Asian and
Chinese populations (45, 46). There was no deviation from Hardy-Weinberg Equilibrium
(p>0.05). Genotype frequencies by gender and the bivariate associations with overweight
status and BMI Z scores are summarized in Table 2. Among girls carrying genotypes of
4R/4AR or 4R/3.5R, 2 out of 69 (2.94%) were overweight, comparing to the observation of 23
out of 196 (33.82%) being overweight among those 3R/3R or 3R/other carriers (OR=0.23

Pediatr Obes. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Xie et al.

Page 7

with 95% CI of 0.05-0.98, p=0.047). Across the entire BMI distribution, girls with
genotypes of 4R/4R or 4R/3.5R had significantly lower BMI Z scores than those 3R/3R or
3R/others carriers (p=0.006). The distribution of weight status and BMI Z scores were not
significantly different between boys with active alleles compared to their counterparts with
low-active alleles.

Table 3 presents results of marginal main effects of negative stressors and MAOA uVNTR
polymorphisms on BMI Z scores. Girls who were exposed to high-levels of negative health
stressors had significantly higher BMI Z scores ($=0.15+0.07, p=0.03) than their
counterparts with low level exposure to negative health stressors. Moreover, girls with the
high-activity allele had significantly lower BMI Z scores (=-0.25+0.98, p=0.011) than
those with the lowactivity allele. On the other hand, a significant effect of negative stressors
on BMI Z scores was not detected in boys.

In addition, a significant genotype X stressors interaction was observed between MAOA
UVNTR polymorphism and exposure to negative familial stressors among girls (Table 4 and
Figure 1). Experience of negative familial stressors significantly weakened the protective
genetic effect on BMI Z scores ($=0.40+0.20 for interaction, p-value for interaction=0.043).
The significance of interaction remained in the two-degrees of freedom likelihood ratio tests
for BMI Z scores (p=0.009 for likelihood ratio test; p for gene main effect=-0.45+0.14,
p=0.001; B for gene X stressors interaction=0.40+0.20, p=0.043). Stratified analyses showed
a significant protective genetic effect on BMI Z score only within the stratum of low stress
level (=-0.44+0.14, p=0.002).Among boys, the interaction term between gene and exposure
to negative violence stressors was significant (p=0.04), but the significance disappeared in
the two-degrees of freedom likelihood ratio test (p=0.07). Consistent results were observed
in the sensitivity analysis after excluding the 21 individuals with rare alleles (data not
shown). In our study sample, there were 32 (2.91%) underweight adolescents including 14
(2.64%) girls and 18 (3.15%) boys. We re-ran the analysis with data excluding these
underweight cases, and similar results were observed (data not shown).

Discussion

The first major finding of our study was the significant effects of negative health stressors
on BMI. Exposure to negative health stressors resulted in higher BMI for girls only. We also
looked at the frequency distributions of each negative health stressor. The percentages of
having the following negative health stressors were: 53.8% for changes of the body during
puberty, 47.9% for having gained weight, 45.0% for not having enough time to play or
relax, 44.7% for not having enough sleep, 20.88% for having lost weight, 14.3% for having
had acute/serious disease(s), 12.13% for having had accident(s), and 1.46% for taking
sedative medicine. Our results were consistent with De Vriendt et al's recent report from the
Healthy Lifestyle in Europe by Nutrition in Adolescence cross-sectional study, in which
perceived stress was significantly associated with increased measures of general and
abdominal adiposity in girls only {De Vriendt, 2012 #706%}. Although a well-defined
association is not described in the literature, chronic stress may be a factor interfering with
energy balance and the maintenance of weight status, that is, an increase of appetite and
energy intake and decrease of physical activity (9-11). It is widely accepted that diverse
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threatening stimuli or stressors could have an effect on the activation of major stress
pathways or brain systems, such as the hypothalamic-pituitary-adrenal (HPA) axis and the
sympathoadrenal medullary (SAM) systems, that would result in increased neuroendocrine
and autonomic arousal and negative moods, leading to the use of substances like food,
nicotine, and alcohol to self-medicate the resultant distress (47, 48). These neurotransmitter
systems could account for a neuroendocrine connection between stress and food intake
regulation, and are hypothesized to regulate behavioral and metabolic responses associated
with the development of obesity (49). Even though we did not find significant results in all
categories of negative stressors, significant findings from our analysis may provide
preliminary evidence linking negative health stressors to the risk of obesity. Future research
on biomarkers of neurotransmitters as well as food consumption and other weight-regulated
behaviors may help clarify the pathways from stressors to the development of obesity.

Our second major finding is significant association of MAOA genotype with BMI among
girls only. Specifically, girls with the high-activity allele had significantly lower BMI. In a
limited but growing body of literature, the association of variation within the MAOA gene
with obesity phenotypes was supported by a whole genome linkage study implicating a
locus for obesity on the p arm of the X chromosome (50), as well as a study in which low
activity MAOA alleles were associated with obesity in one familial data set (22). More
interestingly, significant association was also detected between the MAOA gene
polymorphism and BMI in a large cohort of Caucasian females, with the high-activity
UVNTR genotype being less frequent(23). Consistent with those investigations, our study
provides additional evidence on the potential role of MAOA uVNTR in BMI. The fact that
the effect of MAOA uVNTR was observed only in females is intriguing. This finding is
consistent with Need et al (23) in which the association was also observed among females
only. However several other studies also reported the associations of the high-activity
MAOA uVNTR polymorphism with lower risks for obesity and decreased BMI although the
association was observed in males only(22-25). Ducci et al reported a significant association
between BMI and the MAOA uVNTR polymorphism, with the low-activity allele associated
with a higher BMI among a sample of primarily non-obese male participants with and
without a history of alcohol dependence (24). In subsamples of the National Longitudinal
Study of Adolescent Health (Add Health), significant associations were found between the
MAOA promoter uVNTR and categories of BMI (obese and overweight + obese) among
White and Hispanic, but not African-American, males in a US cohort of young adolescents
and adults (25). The potential mechanism of the observed gender difference is still unclear.
Some studies suggest that an age-related effect of ovarian hormones (such as estrogen) on
MAOA gene expression may explain the observed findings in the literature. Specifically,
ovarian steroids can decrease MAOA expression, which, in turn, may lead to an elevated
level of serotonin in circulation (25, 51, 52). Furthermore, there is also evidence on sex
differences in the way that serotonin influence the development of obesity and body fat
distribution (53). Complex biological crosstalk might lead to different effects of the MAOA
UuVNTR in different genders, particularly in different age groups. More studies, preferably
with larger sample sizes and both genders, are warranted to further investigate the role of
MAOA uVNTR in different genders.
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Finally, our findings provide a new insight into potential genotype interactions with negative
familial stressors that require replication in future research. The protective effects of the
high-activity MAOA genotype on BMI in girls were contingent on exposure to negative
familial stressors, in which negative familial stressors significantly weakened this protective
genetic effect. Very limited efforts in the past have been made to explore potential gene by
environment interaction in this literature. Fuemmeler et al reported a significant MAOA
genotype by depressive symptoms interaction from their analyses of the Add Health data
(15). In their study, males with a MAOA high-active allele and high depressive symptoms
were at decreased risk for obesity (OR 0.22; 95% CI 0.06-0.78) and overweight plus obesity
(OR 0.48; 95% CI 0.26-0.89) (15). Other reports on gene-environment interactions were
mainly from the research on the role of MAOA in the development of antisocial behaviors
(54-56). Carriers of low-activity MAOA alleles with adverse experiences early in life, such
as childhood maltreatment, were more likely to develop antisocial problems in their later
lives (54-56). To our knowledge, our study is the first to demonstrate a significant
interaction between the MAOA uVNTR genotype by negative stressors as they related to
risk for obesity. Further replication studies are needed to confirm our results.

Before definitive conclusions can be made about the role negative stressors and MAOA
have on regulating weight and risk of obesity, we acknowledge certain limitations of our
study. While we focused our investigation on a single functional polymorphism in a fairly
large and homogeneous sample (i.e. Chinese Han ethnicity only), we must consider the
genotype by stressors interaction as preliminary due to a lack of replication. In addition, we
did not have measures to determie abdominal adiposity, such as waist circumference, or
other markers of total adiposity such as body fat mass measured by skinfold thickness or
bioelectrical impedance analysis, which would also be relevant to chronic stress. As pointed
out by prior researchers, there is no standardized methodology for the assessment of
adolescent psychosocial stress, although checklists of stressful life events have been widely
used to characterize chronic stress among adolescents {De Vriendt, 2011 #704; Grant, 2004
#516; Unger, 2001 #522}. The stressor checklists can be implemented on a large scale and
are cost-effective. However, it would have been ideal to have had biological markers of
stress, such as saliva or hair cortisol assessment, to objectively quantify the presence of
stress. Due to the self-report nature of the stressful life event checklist, the possibility of
self-presentation bias may not be completely eliminated even though the students were
assured that their responses would be kept confidential during the survey administration.
The potential risks of Type | error inflation due to multiple testing in the genetic analyses
may not be completely ignored, as the p value for the interaction effect was 0.043. However,
the p values for the marginal genetic main effect (p=0.011) and the simple main effect
within the low stress level stratum in girls (p=0.002) remained statistically significant after
conservative Bonferroni correction. Moreover, although the power of our sample to detect
the main effect of MAOA is acceptable (0.69 for the association of MAOA uVNTR with
BMI in females, for example), the power to detect the interaction between MAOA uVNTR
and stressors is poor given that the sample size was further stratified by levels of stress. For
example, the estimated power for the simple main effect of MAOA uVNTR on BMI in
females was 0.62 and 0.2 for the low and high family stress level strata respectively.
Undoubtedly, future studies with larger sample sizes are warranted to validate our findings
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and identify new clues for the potential contribution of MAOA and stressors to BMI.Other
than these concerns, our findings replicate the genetic main effects of MAOA uVNTR
polymorphism on BMI in a Chinese adolescent population and convey the potential to
derive new insights about interactions with negative familial stressors. The results highlight
the need for future research to examine the roles of genes, stressful environments, and their
interactions potentially leading to the development of overweight and obesity and other
energy-balance behaviors (e.g. diet and physical activity) as measured by objective indices
of neuroendocrine/hormonal changes in homeostatic systems.
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Figure 1. Interaction between the MAOA uVNTR and negative family stressor in females*
*Age, pubertal status, and parental education were adjusted in the models.

Median-split of average scores of negative stressors were used (0 for low and 1 for high
level of stressors). MAOA VNTR polymorphisms were coded as 1 for high activity (3.5 or 4
repeats in males; 4/4 or 4/3.5 genotypes in females) and 0 for low activity (3 or other alleles
in males; 3/3, 3/other or 4/other in females).
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Table 1
General Characteristics of the Sample

Overall (n=1,101) Female (n=530) Male (n=571) p Value

n(%) n(%) n(%)
Age (years)
11 21(1.9%) 13(2.5%) 8(1.4%) <0.001
12 302(27.4%) 162(30.6%) 140(24.5%)
13 733(66.6%) 346(65.3%) 387(67.8%)
14 40(3.6%) 6(1.1%) 34(6%)
15 5(0.5%) 3(0.6%) 2(0.4%)
Parental Education
Below High school 153(13.9%) 71(13.4%) 82(14.4%) 0.803
High School 637(57.9%) 305(57.5%) 332(58.1%)
College or above 311(28.3%) 154(29.1%) 157(27.5%)
Pubertal Status
Pre-peri puberty 481(43.7%) 191(36%) 290(50.8%) <.0001
Post-puberty 620(56.3%) 339(64%) 281(49.2%)
Cigarette Smoking
Non-smoker 928(84.3%) 486(91.7%) 442(77.4%)  <.0001
Occasional/regular smoker 173(15.7%) 44(8.3%) 129(22.6%)
Alcohol Drinking
Non-drinker 954(86.7%) 463(87.4%) 491(86%) 0.505
Occasional/regular drinker 147(13.4%) 67(12.6%) 80(14%)
Overweight Status
Not overweight or obese 933(84.7%) 462(87.2%) 471(82.5%) 0.031
Overweight or obese 168(15.3%) 68(12.8%) 100(17.5%)
mean(SD) mean(SD) mean(SD) p Value
BMI 19.2(2.9) 19.2(2.9) 19.2(3) 0.979
BMI Z score 0.1(0.9) 0.1(0.9) 0.1(1) 0.410
Negative Stressors (mean)
School 0.8(0.4) 0.8(0.4) 0.7(0.4) 0.003
Family 0.4(0.3) 0.4(0.3) 0.4(0.3) 0.020
Peer 0.7(0.6) 0.8(0.6) 0.6(0.6) <.0001
Violence 0.7(0.6) 0.8(0.7) 0.7(0.6) 0.015
Health 0.6(0.5) 0.7(0.5) 0.5(0.4) <.0001
Total 0.6(0.4) 0.7(0.4) 0.6(0.3) <.0001
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Marginal Main Effects of Stressors and MAOA VNTR Polymorphisms on BMI with

adjustment for covariates

Table 3

Female Male
B (SE) p  B(SE) p
Negative Stressors’ Effects on BMI Z Scores
School 0.03(0.07) 0.648 0.06(0.08)  0.416
Family 0.05(0.07) 0.428 -0.005(0.08) 0.953
Peer 0.05(0.07) 0.467 0.05(0.08)  0.550
Violence 0.03(0.07) 0.658 -0.03(0.08)  0.696
Health 0.15(0.07) 0.028 0.09(0.08)  0.284
Total 0.10(0.07)  0.133 0.01(0.08)  0.857
MAOA VNTR -0.25(0.98) 0.011 -0.03(0.080) 0.697

Age, pubertal status, and parental education were adjusted in the models.

Median-split of average scores of negative stressors were used (0 for low and 1 for high level of stressors).

Page 18

MAOA VNTR polymorphisms were coded as 1 for high activity (3.5 or 4 repeats in males; 4/4 or 4/3.5 genotypes in females) and 0 for low
activity (3 or other alleles in males; 3/3, 3/other or 4/other in females).
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Table 4
Genotype X Stressors Interaction Effects on BMI

Female Male
B (SE) p  B(SE) p
MAOA X Negative Stressors Effects on BMI Z Scores
School 0.15(0.20) 0.440 -0.12(0.16) 0.465
Family 0.40(0.20)  0.043 -0.14(0.16) 0.383

Simple main effect in low stress level stratum  -0.44(0.14)  0.002

Simple main effect in high stress level stratum  -0.06(0.14)  0.66

Peer 0.22(0.20) 0277 -0.16(0.16) 0.329
Violence 0.29(0.20) 0144 0.33(0.16)  0.04
Health -0.22(0.20) 0.258 0.19(0.16)  0.245
Total 0.15(0.20) 0444 -0.01(0.16) 0.946

Age, pubertal status, and parental education were adjusted in the models.

*
Pubertal status was not included in the model.
Median-split of average scores of negative stressors were used (0 for low and 1 for high level of stressors).

MAOA VNTR polymorphisms were coded as 1 for high activity (3.5 or 4 repeats in males; 4/4 or 4/3.5 genotypes in females) and 0 for low
activity (3 or other alleles in males; 3/3, 3/other or 4/other in females).
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