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Abstract

Background/Objectives—Genetic factors play an important role in body mass index (BMI)
variation, and also likely play a role in the weight-loss and body compaosition response to physical
activity/exercise. With the recent identification of BMI-associated genetic variants, it is possible
to investigate the interaction of these genetic factors with exercise on body composition outcomes.

Subjects/Methods—In a block-randomized clinical trial of resistance exercise among women
(n=148), we examined whether the putative effect of exercise on weight and DXA-derived body
composition measurements differs according to genetic risk for obesity. Approximately one-half
of the sample was randomized to an intervention consisting of a supervised, intensive, resistance
exercise program, lasting one year. Genetic risk for obesity was defined as a genetic risk score
(GRS) comprised of 21 SNPs known to be associated with normal BMI variation. We examined
the interaction of exercise intervention and the GRS on anthropometric and body composition
measurements after one year of the exercise intervention.

Results—We found statistically significant interactions for body weight (p=0.01), body fat
(p=0.01), body fat % (p=0.02), and abdominal fat (p=0.02), whereby the putative effect of exercise
is greater among those with a lower level of genetic risk for obesity. No single SNP appears to be
a major driver of these interactions.

Conclusions—The weight-loss response to resistance exercise, including changes in body
composition, differs according to an individual’s genetic risk for obesity.
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Introduction

Methods

Evidence suggests that increased physical activity can reduce fat mass, increase muscle
mass, and prevent weight gainl-2. It is also well established that body weight is under the
influence of genetic factors®. In addition, evidence suggests that genetic factors play a role
in how individuals respond to exercise/physical activity*>. As specific genetic factors for
body weight have recently been identified, there is increasing interest in whether/how
genetic susceptibility might interact with lifestyle factors such as physical activity®:’.

Through meta-analyses of genome-wide association studies (GWAS), over 30 single
nucleotide polymorphisms (SNPs) have been identified as being associated with body mass
index (BMI) variation (e.g.8). Subsequent analyses suggest that the putative effect of these
SNPs varies according to one’s self-reported level of physical activity”:210. However, many
of the studies assessing the interaction of physical activity with genetic factors are based on
subjective assessments of physical activity. A more accurate way to assess such interactions
is to randomize and supervise an exercise intervention so as to minimize several potential
biases that might exist in observational studies. Two previous studies that have examined the
interaction of a genetic variant in the FTO variant with exercisel112 show mixed results
with respect to whether the effect of exercise differs according to this major obesity gene.

In a one-year long randomized exercise intervention study, we have previously examined
variants in the adrenergic receptor, and identified a significant SNP*exercise interaction on
body composition outcomes!3. Here, we hypothesize that the effect of resistance exercise on
changes in weight and body composition over one year is modified by overall genetic risk,
defined as a score based on 21 BMI-associated genetic variants.

Study sample

The Bone Estrogen Strength Training (BEST) study is a block-randomized clinical trial
examining the effect of resistance training on bone and body composition in early post-
menopausal women!4, Postmenopausal women (n=320), using or not using hormone
replacement therapy (HT versus NHT) were randomized to exercise (EX) or no exercise
(control—NEX) within each HT group. Participants were recruited through direct mailing in
zip codes selected based on proximity (within 5 miles) of the University of Arizona testing
site, as well as at community organizations, medical clinics, and through media
advertisement. Inclusion criteria included: 30-65 years of age, BMI between 19 and 33,
non-smoking, performing less than 120 minutes of low-intensity exercise per week, and no
weightlifting or similar activity. Further details on the recruitment, screening, and inclusion
criteria can be found elsewherel:14, IRB approval was obtained from the University of
Arizona, and written informed consent was obtained from all participants.

Participants agreed to maintain HT status, body weight, and diet during the trial%14. Women
who completed 12 months of the BEST Study (n=266) were re-recruited and consented for
genetic studies. A total of 148 (55.6%) returned the consent along with a buccal sample for
DNA extraction. The genotyped sub-sample of the parent study was not considered
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clinically different from those in the main study at baseline or at 12 months for completers
of the trial that re-consented for genotyping versus those that did not. However, the genetic
ancillary study participants consisted of more exercisers (56.8% EX group; 43.2% NEX
group re-consented). The number of HT users that participated in the genetic study was also
slightly higher than non-HT users13.

Exercise Intervention

Phenotypes

Participants randomized to the exercise intervention were asked to engage in supervised,
high-intensity resistance training and moderate impact weight-bearing exercise for 75
minutes, 3 days/week, for 12 months. Eight weight-training exercises were performed per
session, where individuals completed two sets of 6-8 repetitions at 70-80% of the one-
repetition maximum loads per exercise. Strength was measured every 6-8 weeks over the 12
months to increase loads and maintain relative intensity. Attendance, weightlifting loads,
sets and repetitions, and minutes of progressive weight bearing activity were recorded in
exercise logs which were monitored regularly by on-site study trainers throughout the year.
Compliance was assessed among exercisers as the proportion of days (out of three-per-
week) that they attended training sessions. Muscle strength was assessed through a LIDO
isokinetic dynamometer (Loredan Biomedical, Sacramento, CA). Peak torque was measured
at 60°/s of the right knee flexion-extension (KF, KE) and right elbow flexion-extension (EF,
EE). One-repetition maximum (1-RM) was assessed only among exercisers, and defined as
the maximum amount of weight that could be lifted one single time, using proper technique,
for each exercise. Here we include data on 1-RM for military press and leg press. Detailed
descriptions of the study design, exclusion criteria, and exercise and strength measurement
protocol have been previously published?14-16,

and dietary intake

Height, weight, and body composition traits were measured at baseline and after one year of
the study. Whole-body lean and fat tissue were measured by dual-energy x-ray
absorptiometry (DXA; model DPX-L, Lunar Radiation Corporation, Madison, WI, software
version 1.3y Lunar). Abdominal fat was retrospectively measured by an operator-set region
extending from the intervertebral region between the first and second vertebra to the iliac
crest. Further details on body composition measurements can be found elsewherel-14,
Dietary intake was assessed by diet records on eight randomly assigned days at baseline (3
days), 6 months (2 days), and 12 months (3 days). Each 2- to 3-week recording period
included 1 weekend day and 1-2 non-consecutive weekdays. Participants did not receive
dietary advice and were instructed not to change their diets during the study. Analysis of the
diet records for macro-, micro-nutrients, and total energy intake (kcal) was conducted using
the Minnesota Nutrient Data System (NDS) versions 2.8-2.92, as previously described4.

Genotypes and genetic risk score

DNA was obtained from buccal cells collected in mouthwash either during routine lab visits
or via a mailed buccal cell collection kit, containing a sealed 44 mL bottle of Scope
mouthwash (Proctor & Gamble, Cincinnati, OH), a sealed, sterile collection cup,
instructions for collection, and a prepaid return envelope. Participants were asked not to eat
or drink for 1 hour prior to sample collection, swish 10 mL mouthwash vigorously for 45
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sec, expectorate into the cup, and mail the container in the provided packaging®17. DNA
extraction was performed by the QlIAampDNA Mini Kit (QIAGEN #51104, Valencia, CA)
following manufacturer guidelines. DNA quality and quantity were assessed by 558 base-
pair polymerase chain reaction (PCR), separated on a 2% agarose gel by electrophoresis, and
visualized by ethidium bromide staining. DNA quantification was also performed by
PicoGreen dsDNA Quantitation Reagent and fluorimetry.

Of the 32 SNPs previously identified for BMI through GWAS meta-analyses (e.g. Speliotes
et al., 2010; Willer et al., 2009), we were able to perform and obtain genotyping for 21 using
the Sequenom (San Diego, CA) MassARRAY platform. A genetic risk score for BMI was
calculated by summing the risk alleles across all SNPs, and weighting each risk allele by the
effect size, where the respective risk alleles and effect sizes were determined from the latest
BMI GWAS meta-analysis8. The list of SNPs that we examined, along with their respective
risk alleles and effect sizes (weights) can be found in Table 1.

Statistical analysis

Results

We used multiple linear regression, assuming an additive SNP model. We included exercise,
and the corresponding baseline phenotype as covariates when examining measurements at
year 1. We also tested models including age, hormone use, and dietary energy intake as
additional covariates. We considered a p-value less than 0.05 as statistically significant. To
test interactions, we included in the model the product of exercise and the GRS. We
stratified the sample according to tertiles of GRS to examine how the association of exercise
with phenotype differs across these three groups of individuals. All analyses were conducted
using R Statistical Software®.

Characteristics of the sample are shown in Table 2. These results have previously been
described3, but we will briefly describe them here again. The mean age is 56.1 + 4.6 years
of age. At baseline, we find no significant differences in characteristics between the control
and exercise group. Mean compliance among those in the exercise group was 77.3%, which
corresponds to exercise session attendance at approximately 2.3 days per week, on average.
After one year, we observe a greater increase in lean soft tissue (p<0.001) and % soft tissue
(p<0.001) and a greater decrease in fat (p=0.049) and % fat (p=0.002) in the exercise group
as compared to the control group. Strength increased significantly among the exercisers as
compared to the control group for leg strength (p<0.0001). For arm strength, we observed a
non-significant trend for increased strength among exercisers as compared to the control
group. Among only exercisers, 1-RM for leg press and military press increased by an
average of 171.6 and 7.4 pounds, respectively, over the one year of the intervention (see
Table 2).

We found statistically significant interactions (Pinteraction<0.05) of exercise with the GRS on
change in weight, total and % body fat, and abdominal fat (see Table 3). The interaction of
exercise with GRS was not statistically significant for % lean soft tissue (p=0.05). Including
additional covariates (age, hormone use, and dietary intake) did not significantly change the
results. Upon stratifying the sample according to tertiles of GRS, we find that the association
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of exercise with phenotype change is strongest among the individuals with low genetic risk
(see Figure 1, and Table 4 for all phenotypes). No SNP-by-exercise interaction was
statistically significant after correction for multiple testing.

Discussion

In a block-randomized clinical trial for resistance exercise, we find significant interactions
of exercise with genetic risk for obesity on change in weight and body fat. It appears that
these interactions are not driven by any one particular SNP, but rather are the result of a
collective effect of many SNPs.

Our results show that the putative effect of exercise is weakest among those at high genetic
risk. Conversely, the putative effect of the genes is strongest among those who were
randomized to the exercise intervention. These findings contrast with our previous finding in
this sample showing that a risk variant in ADR (not included in present genetic risk score)
was associated with detrimental effects when sedentary, but had an effect that was
equivalent to the non-risk group when exercising3. They also contrast with the
observational and cross-sectional findings regarding the interaction of FTO and self-reported
physical activity, in which the association of physical activity with BMI is strongest among
individuals with high genetic risk”-10. However, we would note, that besides the important
methodological differences with our study, the results from these meta-analyses are not
consistent across studies. Furthermore, our results are consistent with another intervention
study that found that the association of physical activity/exercise is weakest among FTO risk
allele carriers!®. Our results are also in agreement with a prospective observational study
which showed that the association of physical activity and type-2 diabetes is weakest among
individuals at high genetic risk?°, and a study showing that among individuals with high
genetic risk for an adverse lipid profile, the effect of a lifestyle intervention on LDL
reduction was weaker than in those with low genetic risk??.

Given the high expression of BMI-associated genes in the hypothalamus®22, it is plausible
that these genes interact with physical activity through physiological mechanisms such as
taste, satiety, or regulation of energy expenditure23-24, It is also possible that these genes
influence BMI and response to exercise through other mechanisms such as nutrient
partitioning or other metabolic processes. For example, variant rs2287019 near GIPR
(gastric inhibitory polypeptide receptor), may be involved in mediating insulin secretion.
Other loci, although of unknown function, may be involved in other metabolic processes, as
suggested by pathway analysis8. One possibility is that exercise changes the way in which
these genes are expressed. Specifically, the effect of these genes may be down-regulated
through the effect of exercise, and thus reduce hunger or taste cues, or alter metabolic
processes, for example. Individuals at low genetic risk may have a decreased food-intake,
increased energy-expenditure, and/or improved metabolic response to increased exercise,
compared to those at high genetic risk. Further research is needed however to determine the
functional impact of these genetic variants.

The strengths of our study include the use of a randomized and supervised exercise
intervention of relatively long duration (1 year), detailed phenotypic measurements of body
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composition before and after the intervention, and the use of a GRS which increases our
statistical power. The main weakness of our study is the small sample size, partly due to the
need to re-consent. However, our power to detect genetic effects is increased through the
reduction in environmental variance which is afforded through the randomized intervention,
thus potentially offsetting the relatively small sample size.

Further research in other populations may eventually enable the routine use of genetic
profile information in tailoring disease prevention and treatment measures.
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Change in weight, % fat, and % lean from baseline to year 1 associated with the exercise

intervention in three strata of obesity GRS.
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Descriptive statistics of the sample

Table 2

Characteristics Total (n=148) Control (n=64) Exercise (n=84) p
Age (years) 56.1+4.6 56.4+5.0 55.8+4.2 0.40
Hormone therapy (%) 54% 53% 55% 0.84
Year 1 Dietary intake (kcal) 1670.9+422.6 1679.0+404.7 1665.0+438.2 0.85
Baseline weight (kg) 66.9+11.7 66.0+10.9 67.6+£12.2 0.42
Change after 1 year 0.1+£2.7 0.3£3.0 0.03+2.5 0.62
Baseline total body fat (g) 25381+8249 24950+8232 25710+8295 0.58
Change after 1 year -312+2471 15342580 —-665+2339 0.049
Baseline total body % fat (%) 37.746.6 37.447.2 37.946.2 0.71
Change after 1 year -0.6+2.6 0.09+2.5 -1.2425 0.002
Baseline lean soft tissue (kg) 38.3+4.6 38.0+4.2 38.6+4.9 0.42
Change after 1 year 0.5+1.2 0.02+1.2 0.9+1.0 <0.001
Baseline % lean soft tissue (%) 58.0+6.2 58.3+6.8 57.0+5.8 0.64
Change after 1 year 0.7+2.6 -0.1+2.5 1.3+2.4 <0.001
Baseline abdominal fat (kg) 10.4+2.3 10.5+2.2 10.3+2.3 0.64
Change after 1 year -0.0340.6 0.06+0.5 -0.1+0.7 0.10
KF change (n=121;0=53,1=68) 3.43+9.69 0.55+7.77 5.68+10.5 <0.001
KE change (n=121;0=53,1=68) 6.40+16.23 1.78+13.30 10.0£17.5 <0.001
EE change (n=114;0=47,1=67) 0.34+3.52 -0.128+1.85 0.66+4.3 0.31
EF change (n=114;0=47,1=67) 0.79+4.57 —0.04+2.340 1.37+5.6 0.07
Change Leg Press 1-RM (lbs) 171.6+£90.1
Change Military Press 1-RM (lbs) 7.42+3.59

KF — knee flexion; KE — knee extension; EF — elbow flexion; EE — elbow extension; 1-RM — 1 repetition maximum

Values are expressed as means + SD

Sample sizes for the strength measures are given, where 0 refers to controls, and 1 refers to exercisers.
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