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Abstract
Background—There has been little investigation of gene-by-environment interactions related to
sedentary behavior, a risk factor for obesity defined as leisure screen time (ST; i.e., TV, video, and
computer games).

Objective—To test the hypothesis that limiting ST use attenuates the genetic predisposition to
increased BMI, independent of physical activity.

Design—Using 7,642 wave II participants of the National Longitudinal Study of Adolescent
Health, (Add Health; mean=16.4 years, 52.6% female), we assessed the interaction of ST (h/wk)
and 41 established obesity SNPs with age- and sex-specific BMI Z scores in 4,788 European-
(EA),1,612 African- (AA), and 1,242 Hispanic-American(HA)adolescents.

Results—Nominally significant SNP*ST interaction were found for FLJ35779 in EA, GNPDA2
in AA, and none in HA (EA: beta[SE]=0.016[0.007]), AA: beta[SE]=0.016[0.011]) per 7 h/wk ST
and 1 risk allele in relation to BMI Z-score.

Conclusions—While for two established BMI loci, we find evidence that high levels of ST
exacerbate the influence of obesity susceptibility variants on body mass, overall we do not find
strong evidence for interactions between the majority of established obesity loci. However, future
studies with larger sample sizes, or that may build on our current study and the growing published
literature, are clearly warranted.
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Introduction
Adolescence is a risky period for weight gain that can be exacerbated by sedentary behavior,
including leisure screen time (ST: TV, videos, and computer games[1, 2]), which are related
to obesity independent of physical activity [3, 4]. Individuals at greatest genetic risk for
obesity appear to benefit most from physical activity[5–7]. We have recently reported a
mitigated effect of obesity variants on BMI in those with increased physical activity[8], yet
limited research has investigated whether sedentary behaviors modify a genetic
susceptibility to increased BMI. A recent study showed that television viewing in adult
women may exacerbate a genetic predisposition to increased BMI[9]. However, whether
sedentary behaviors beyond television viewing may also influence a genetic risk for obesity,
especially among adolescent populations, is largely unknown. To address this, we examined
interactions between ST and established obesity SNPs with age- and sex-specific BMI Z-
scores using data from the National Longitudinal Study of Adolescent Health (Add Health).

METHODS
Add Health

Participants—Add Health is a nationally-representative cohort of adolescents (1994–95,
n=20,745, mean age=15.7 years; SD=1.8) drawn from a probability sample of 132 US
middle and high schools[10]. The cohort was followed in 1996 (Wave II, n = 14,738, mean
age=16.2 years; SD=1.6) when respondents were still of middle and high school age. Survey
procedures have been described elsewhere [11–13] and were approved by the Institutional
Review Board, UNC Chapel Hill.

Outcome Measure: Body Mass Index (BMI)
BMI (kg/m2) was calculated from Wave II measured height and weight. Self-reported height
and weight (r=0.95/0.94 with measured weight/height[14])were substituted for those
refusing measurement and/or weighing more than scale capacity (n=119). Given the age of
our sample, we used age- and sex-specific BMI Z-scores relative to the CDC/NCHS 2000
reference curves [15].

Race/Ethnicity—Race/ethnicity was constructed using ancestral background and family
relationship status (i.e., country of origin, ancestry, and adoption): European American
(EA), African American (AA), and Hispanic American (HA), with indicators for
subpopulation (e.g., Mexican, Cuban) and immigrant status (e.g., US and non-US born).

Screen time
Wave II screen time (ST) was ascertained using a previously validated standard activity
recall [16]. The ST items elicited information on hours of TV, video, and computer game
use, which were summed into a continuous measure of ST hours/week.

Genetic data
At Wave IV (2008–2009), 59% (n=12,234) of Wave I participants provided saliva samples.
DNA was extracted and genotyped from those providing consent (n=12,066). Of the 41
SNPs interrogated, 37 were selected based on confirmed GWA(p < 5×10−8) with BMI [17–
19], and 4 with obesity [20] in EA adults. Procedures for genotyping (call rate 95%,
discordance 0.3%) have been detailed elsewhere [21]. We excluded 15/41 SNPs (indicated
with † in Supplementary Tables) that did not generalize in AA GWAS [22]-[23]. Given the
lack of large GWAS in Hispanics, all 41 SNPs were considered. SNPs with genotype
counts<10 were also excluded, leaving 41 SNPs in EA, 25 in AA, and 38 in HA.
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Analytic sample
We included individuals with phenotype data that had at least 80% of their SNPs genotyped
(n=8,646). We excluded: the monozygotic twin with fewer genotyped loci within each pair
(n=133), Asian or other race/ethnicity (n=575), pregnant (n=110), disabled (n=44), and
individuals missing covariate data (n=150). The final analytic sample included 7,642
individuals measured at Wave II with DNA data (Figure S1).

Statistical analysis
Race/ethnicity stratified SNP-by-ST analyses were conducted using Stata, version 12.1
(Stata Corp, College Station, TX). In additive genetic multivariable models with BMI Z-
score as the outcome, we included a SNP-by-ST interaction term and controlled for age, sex,
current smoking (≥1 cigarette every day for 30 days), physical activity (moderate to
vigorous bouts/week) [16], geographic region, and an indicator for self-reported height and
weight (n=55), with within-strata controls: oversampling of highly educated AAs (n=281),
Hispanic subpopulation ancestry: Cuban (n=190), Puerto Rican (n=215), Central/South
American (n=115), Mexican (n=626), other Hispanic (n=95), and foreign born status
(n=264). Sample design effects and relatedness were accounted for using random effects for
school and family. Models run excluding participants with self-reported heights and weights
found no difference in effect estimates (Tables S5a, S5b, S5c). We performed a race/
ethnicity pooled meta-analysis of beta estimates using the inverse standard-error weighted
approach in METAL [24]. For nominally significant (p<0.05) SNP-by-ST interactions, we
predicted BMI Z-score per risk allele and 7 h/wk of ST. While we examined all nominally
significant findings (p<0.05), we corrected for multiple testing: α = 0.05/number of SNPs
tested (p≤0.0012 in EA, p≤0.0013 in HA, and p≤0.0019 in AA). In addition, we estimated
the main effect for each SNP on BMI Z-score (Table S4).

RESULTS
Sample descriptive statistics are shown in Table 1. ST was positively associated with BMI
Z-score in EA and all adolescents combined (p<0.05)but was not significant in HA and AA
(Table S1).

Nominally significant SNP-by-ST interactions were found in EA for FLJ35779
(rs2112347)and in AA for GNPDA2 (rs10938357)(Table S2a and S2b). In EA, predictions
for BMI Z-score (Figure 1a) suggest a change of −0.005, 0.016 and 0.037 in BMI Z-score
per 7 hours/week of ST with 0, 1 and 2 risk (T) alleles(FLJ35779). For AA, the ST-by-
GNPDA2 interaction suggests a change of −0.014, 0.016, and 0.045 in BMI Z-score per 7
hours/week of ST with 0, 1 and 2 risk (A) alleles (Figure 1b). None of the interactions tested
in HA (Table S2c) or the combined pooled meta-analyses (Table S3) were significant after
multiple testing correction.

DISCUSSION
Our findings provide tentative support for interaction between established obesity SNPs and
ST with BMI Z-score in a nationally-representative adolescent sample. We found nominally
significant SNP-by-ST interactions in EA (rs2112347, near FLJ35779) and AA (rs10938357
near GNPDA2).

Our analysis of SNP-by-ST interaction in HA was limited by a lack of established SNPs in
this diverse population and small sample size. We focused on SNPs with well-established
main effects in EA populations and generalization in AA populations, a strategy which
could have introduced some bias. However, our focus on middle and high school ages
reduces heterogeneity due to lifecycle changes. The majority of our sample was post-
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pubertal, so weight changes likely reflect changes in fat mass. We did not adjust for sexual
maturation, since several loci associated with menarche and BMI have pleiotropic effects
[25], thus adjusting for sexual development might diminish true BMI associations. Finally,
ST exposure can also subject individuals to content that might influence lifestyle behaviors
that are also associated with obesity, such as consuming advertised foods or smoking as a
result of exposure to smoking messages.

Conclusions
Although we find suggestive evidence that ST may exacerbate the influence of FLJ35779 in
EA and GNPDA2 in AA on BMI Z-score, strong evidence for interaction between the
majority of established obesity loci and ST on BMI is lacking. However, our study was
powered to detect fairly large interactions, which we did not observe. These estimates are an
important resource that should pooled with other samples for meta-analyses. Indeed, our
findings are relevant to the larger discussion of obesity susceptibility and modifiable
behaviors influencing BMI.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Predicated BMI Z-score from model based coefficients1 per 7 hours/week of ST in the
presence of 0, 1 and 2 risk (T) FLJ35779 (rs2112347) alleles, respectively (p for interaction
= 0.02) in EA (a), and 0, 1 and 2 risk (A) GNPDA2 (rs10938397) alleles, respectively (p for
interaction = 0.03) in AA (b).
Abbreviations: BMI (body mass index), ST (hours per week of screen time), EA (European
American), AA (African American)
1Beta estimates are presented for the interaction model: Multivariable linear models of
adolescent BMI Z scores regressed on SNP and ST (hr/wk), with SNP by ST interaction
term, controlling for age, sex, current smoking (at least one cigarette every day for 30 days),
geographic region, and self-reported heights and weights (n=39 EA, n= 12 AA),
oversampling of highly educated African Americans (n=281; AA stratum only). Random
intercepts allowed for individual, family and school with no sample weighting.
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