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Abstract

Background: Gene-obesogenic environment interactions influence body mass index (BMI) 

across the life-course; however, limited research examines how these interactions may differ by 

race and sex.

Methods: Utilizing mixed-effects models, we examined the interaction effects of a polygenic risk 

score (PGS) generated from BMI-associated single nucleotide polymorphisms, and environmental 

factors, including age, physical activity, alcohol intake and childhood socioeconomic status on 

measured longitudinal BMI from the Health and Retirement Study (HRS). HRS is a population 

representative survey of older adults in the United States. This study used a sub-sample of 

genotyped Black (N=1,796) and White (N=4,925) men and women (50–70 years) with measured 

BMI.

Results: Higher PGS was associated with higher BMI. The association between PGS and BMI 

weakened as individuals aged among White men (Pinteraction=0.0383) and White women 

(Pinteraction=0.0514). The mean BMI difference between the 90th and 10th PGS percentile was 4.25 

kg/m2 among 50-year old White men, and 3.11 kg/m2 among the 70-year old’s, i.e. a 1.14 kg/m2 

(95%CI: −0.27, 2.82) difference. The difference among 50- and 70-year old White women was 

1.34 kg/m2 (95%CI: 0.09, 2.60). Additionally, the protection effect of physical activity was 

stronger among White women with higher PGS (Pinteraction=0.0546). Vigorous physical activity 

(compared to never) was associated with 1.66 kg/m2 (95%CI: 1.06, 2.29) lower mean BMI among 

those in the 90th PGS percentile, compared to 0.83 kg/m2 (95%CI: 0.37, 1.29) lower among those 

in the 10th PGS percentile. Interactions were also observed between both PGS and alcohol intake 

among White men (Pinteraction=0.0034) and women (Pinteraction=0.0664) and Black women 

(Pinteraction=0.0108), and PGS and childhood socioeconomic status among White women 

(Pinteraction=0.0007).

Conclusion: Our findings reinforce the importance of physical activity among those with an 

elevated genetic risk; additionally, other detected interactions may underscore the influence of 

broader social environments on obesity-promoting genes.
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Introduction

Elevated body mass index (BMI) is a strongly influential component to the emergence of 

many adverse health conditions, including type 2 diabetes1, cardiovascular diseases2, and 

certain cancers3, presenting a significant burden on the healthcare system.4, 5 Obese 

individuals, typically measured by BMI, have an increased risk of all-cause mortality 

relative to those in the normal weight range, especially among those within the class 2 (BMI 

= 35.0–39.9 kg/m2) and class 3 (BMI ≥ 40.0 kg/m2) subclassifications.6 In the US, 35–40% 

of all adults’ BMI fall within the obesity range, with 5.5–9.9% belonging to class 3, 

representing the highest risk group for morbidity and mortality.7 Moreover, while some 

researchers report a potential protective effect of overweight status (BMI = 25.0–29.9 kg/

m2),6 a recent large meta-analysis observed an increased risk of all-cause mortality, 

cardiovascular disease, and cancer in BMI categories as low as 21–25 kg/m2.4

Since the discovery of the first BMI-related gene, FTO (fat-mass and obesity-related gene), 

through the introduction of genome-wide association studies (GWAS), variations in BMI 

have been linked to tens of thousands of single nucleotide polymorphisms (SNPs).8 A recent 

meta-analysis of GWAS identified 97 common BMI-increasing SNPs from samples of 

individuals of European ancestry8, 9 However, despite the influx of these early discoveries 

from GWAS, individual SNPs only account for a small proportion of monogenic forms of 

disease, or about 3–4% of the total variation of BMI. It is now generally recognized that the 

genetics of BMI reflect the combined genetic variations of multiple risk alleles, leading to 

the use of polygenic risk scores (PGS) in evaluating the combined effects of known BMI-

elevating genetic variants.10

Much of the global obesity epidemic may be attributable to both the interaction and 

independent effects of environmental/lifestyle and heritable/genetic factors; only in the past 

few years have investigators examined the interaction between GWAS-derived genetics and 

environmental/lifestyle factors, such as physical activity,11, 12 diet,13–15 sleep charactistics,16 

and other obesogenic factors.17–19 For instance, Rask-Andersen et al.20 reported that both 

higher frequencies of alcohol intake and physical activity may mitigate the effects of genetic 

predisposition to higher BMI. Additionally, Tyrrell et al.21 observed that a higher degree of 

social deprivation and physical inactivity may exacerbate genetic susceptibility to higher 

BMI. Recent findings from the Nurses’ Health Study and the Health Professionals Follow-

Up Study report sex differences in the relationship between genetic risk and BMI, possibly 

elucidating an underlying mechanism for the widely-recognized adiposity differences 

between men and women.22 Moreover, a prior gene-environment interaction study reported 

that, among women, alcohol intake associated with a higher waist circumference-adjusted 

BMI; however, higher polygenic risk was associated with a significantly lower body weight 

for these women.23 While epidemiologic studies report that many racial/ethnic minority 

groups, including Black and Latino Americans, are disproportionately affected by the recent 

upwards obesity trends compared to Whites, these groups remain significantly 

underrepresented in both the GWAS and gene-environment studies of BMI, with most large 

cohorts consisting primarily of European-ancestry samples.24
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The U.S. Health and Retirement Study (HRS) offers an excellent opportunity to examine 

gene-environment interaction across race/ethnicity groups, since it includes nationally 

representative samples of Black and White Americans. While researchers have examined 

interactions between PGS and other obesogenic factors among Black and White HRS 

participants, their scope has been limited to factors such as cohort25 and psychosocial26 

interactions. They have yet to examine the contribution of other modifiable BMI-elevating 

lifestyle factors. Specifically, the main and PGS interaction effects of alcohol use, smoking, 

and physical activity have yet to be examined within the HRS cohort, with regards to BMI. 

Moreover, to our knowledge, no literature exists on the moderating effects of both sex and 

ethnicity within the HRS, both of which have been shown to modify the obesogenic effects 

of genetic and environmental factors.24, 27 This study thus aims to examine the independent 

and interaction effects of modifiable lifestyle factors and genetic risk on BMI within 

ethnicity- and sex-stratified samples of older Black and White men and women from the 

HRS. In the current study, we hypothesize that the PGS influences mean BMI differently by 

ethnicity and sex, and that the interplay of environmental and polygenic factors contributes 

differentially to BMI among older adults.

Methods

The Health and Retirement Study

The Health and Retirement Study is a nationally representative longitudinal cohort study 

aimed at examining the health outcomes of approximately 43,000 United States’ men and 

women older than 50 years of age at recruitment, and their spouses. Recruitment, sampling, 

and overall population characteristics have been previously summarized elsewhere.28, 29 

Sampling for the HRS is built upon a complex multi-stage area probability design utilizing 

geographical stratification and clustering with oversampling of Black Americans. The HRS 

sample consists of seven continuing cohorts including the initial HRS cohort, (born 1931–

41), Asset and Health Dynamics Among the Oldest Old (AHEAD, born 1890–1923), the 

Children of the Depression (CODA, born 1924–30), and the War Babies (WB, born 1942–

47), Early Baby Boomers (EBB, born 1948–53), Mid Baby Boomers (MBB, born 1954–59), 

and Late Baby Boomers (LBB, born 1960–1965). HRS conducted face-to-face or phone core 

interviews, during which participants were asked questions about finances, health status and 

behaviors, marital/family status, and social support systems. A random half sample is then 

followed-up biennially for core interviews. Starting in 2006, HRS initiated Enhanced Face-

to-Face Interview (EFTF) for a random half of the core interview samples. The EFTF 

interview includes a set of anthropometric measurements, physical performance tests, and 

blood and saliva samples for genotyping, etc. The other half sample was selected for the next 

follow-up EFTF interview and so forth. The anthropometric measurements of EFTF sample 

were repeatedly measured an average of 2.2 times per participant.

The HRS is sponsored by the National Institute of Aging (U01AG009740) and is conducted 

by the University of Michigan. The current study utilized publicly accessible, de-identified 

data from HRS, approved by the institutional review board at the University of Hawaiʻi 
(approval number CHS23551).
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Analytic Sample

The derivation of the final analytic sample is presented in Figure 1. We began with a sample 

of 15,190 HRS participants (12,090 White and 3,100 Black) with genetic data collected 

between 2006 and 2012. The final analytic sample consists of 4,925 White (2,115 men and 

2,810 women) and 1,796 Black (698 men and 1,098 women) after excluding 586 

participants with missing BMI measurements, 7,246 older cohorts (AHEAD, HRS and 

CODA), 535 who were 20 to 49 years old, and 103 who had missing covariates. We limited 

our study to the three younger cohorts (WB, EBB and MBB) to mitigate confounding by 

cohort effects, and survival bias.30

Measures

Our main outcome was calculated BMI from repeated measurements of height and weight; 

the HRS objectively measured weights (in kilograms) and heights (in meters) during home 

visits between 2006–2016 to calculate the BMI (kg/m2). To assess height, participants were 

asked to stand against a wall without shoes while the interviewer marked the wall and then 

measured the distance from the floor to the marking. Weight was ascertained by asking 

participants to remove their shoes and heavy items/clothing and step on a Healthometer 

830KL scale. Salivary DNA samples were collected for genotyping during the same visit 

using the mouthwash collection method (buccal cell swab) in 2006; in 2008, and thereafter, 

an Oragene self-collection kit was used to collect salivary DNA.

Socio-demographic characteristics, including age, sex, education level, adult poverty ratio, 

childhood socioeconomic status (cSES), and the health measure of depression (assessed 

through Center for Epidemiologic Studies Depression [CESD-8] scale), were self-reported 

directly from the HRS core interview. Self-reported sex included dichotomous levels of 

‘male’ or ‘female’. Education level included ‘less than high school’, ‘general education 

development certification (GED)’, ‘high school diploma’, ‘some college-level education’, 

and ‘greater than some college-level education’. Adult poverty ratio was calculated from 

household income, accounting for self-reported and spousal incomes, from wave- and 

census-track specific poverty threshold levels used by the U.S. Census Bureau; whereas, 

cSES was derived directly from the core survey item asking ‘now think about your family 

when you were going up, from birth to age 16. Would you say your family during that time 

was pretty well off financially, about average, or poor?’. Finally, HRS used a modified eight-

item CESD scale examining depressive symptoms over the past week, which has acceptable 

internal consistency (α = 0.81–0.83).31 Adult poverty ratio, cSES, and depression were 

considered as potential covariates because previous studies have shown their association 

with BMI32–34 and suggested that boarder social environments may influence the effects of 

obesity-promoting genes.35 Moreover, prior studies report significant interactions between 

adult deprivation, a similar covariate to adult poverty ratio, and polygenic risk on BMI.21

The HRS core interview provided data on obesogenic lifestyle factors, including physical 

activity level, alcohol consumption, and smoking behaviors. Physical activity was 

ascertained from self-reported frequency of participants’ engagement in housework, 

aerobics, running, swimming, bicycling, or other physical labor, and recoded into ‘never/

some’, ‘two or more light’, ‘two or more moderate’, and ‘two or more vigorous’ activities 
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per week. Alcohol use was determined from self-reported alcoholic drinks per day (zero, 

one, two, and three or more). Lastly, smoking was ascertained from self-reported tobacco 

use (never, past, and current). Physical activity, alcohol intake, and tobacco smoking were 

considered as covariates because of prior studies reporting significant interactions with 

polygenic risk on BMI.11, 27, 36

PGS derivation

PGSs for BMI were computed by the HRS research team using results from a 2015 study 

conducted by the Genetic Investigation of ANthropometric Traits (GIANT) consortium.37 

Weighted sum scores were calculated using HRS available SNPs in the PGS that overlap 

between the GIANT and the HRS genetic data.38 Weights were defined by the β-coefficient 

estimate from the GIANT GWAS meta-analysis conducted on 332,154 individuals of 

European ancestry. If the β-coefficient value was negative, the β measures were converted to 

positive values and the reference allele flipped to represent phenotype-increasing PGSs. 

PGSs and 10 ancestry principle components (PCs) were computed for both the White and 

Black groups, separately. We scaled the PGS to rank percentiles (range 0 to 1) for Black and 

White men and women separately.

Statistical analyses

Descriptive statistics were calculated to summarize baseline sample characteristics. We 

utilized linear mixed-effects models (LMMs) with random effects to account for the 

correlations of repeated measurements of BMI nested within participants.39 We performed 

bivariate LMM analyses for PGS rank percentile, demographics, and obesogenic lifestyle 

factors, respectively; and multivariate LMM models for PGS rank percentiles adjusting for 

all other variables. Interactions between the PGS rank percentiles and the demographic/

obesogenic environment variables on BMI were tested by including the respective 

interaction terms in the multivariate LMM models. In the interaction models, we also tested 

non-linear effects of age on BMI using cubic-polynomial functions of age (i.e., age, age2 and 

age3) (Supplementary A.1). To build the most parsimonious interaction models, we applied 

both stepwise and backward elimination model building strategies manually for model 

selections. Generalized linear hypothesis (GLH) testing method was used for model 

selections and contrasts of the interaction effects (Supplementary A.2).40 Bootstrap method 

with 2000 replications was applied for complex contrasts in the interactions, for example, to 

assess if the association between BMI and PGS was the same at age 50 and age 70 

(Supplementary A.3).41

For all models with PGS, 10 ancestry PCs were included to account for population 

stratification and ancestry differences in genetic structures. Separate analyses were 

performed for White and Black men and women. All analyses were conducted using 

statistical software R version 3.5.2. and p-values are two-sided.
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Results

Baseline Characteristics

Table 1 presents the baseline sample characteristics stratified by race (Black and White) and 

sex (men and women). The mean BMI was similar between men (29.8 kg/m2) and women 

(29.9 kg/m2); however, the proportion of normal-BMI (<25.0kg/m2) White women (26.8%) 

was greater than normal-BMI White men (16.0%) at baseline. Among Black participants, 

the mean BMI measurement differed between men and women at baseline, with an average 

of 33.2 kg/m2 among women, compared to 29.1 kg/m2 among men.

Main Effects of the PGS across Ethnicity and Sex

Supplementary Tables S1 and S2 show results from bivariate and multivariate main-effects 

LMM models for White and Black men and women. The β-coefficients for PGS rank 

percentiles were similar in the bivariate and multivariate models. In the multivariate model, 

PGS was associated with 4.78 kg/m2 greater BMI (95%CI: 4.04, 5.52, p<0.0001) among 

White men, and 7.52 kg/m2 greater BMI (95%CI: 6.68, 8.37, p<0.0001) among White 

women. Among Black men and women, the changes in mean BMI by PGS were 4.14 

(95%CI: 2.34, 5.94, p<0.0001) and 2.95 (95%CI: 1.12, 4.78, p=0.0016), respectively.

PGS Interaction Models

Interactions were detected between PGS and age, physical activity, alcohol intake and cSES. 

Table 2 presents all interaction effects for demographic and behavioral covariates across 

ethnic- and sex-specific subsamples.

To illustrate interactions between PGS and obesogenic factors on BMI, we present the 

difference in mean BMI between the 10th and 90th PGS percentiles (i.e., PGS=0.1 and 

PGS=0.9 in Figure 2 and Table 3 for PGS and age interaction, and supplementary Table S3 

for PGS interactions with physical activity, alcohol intake, and cSES).

PGS-Age Interaction—Interactions between PGS and age were observed among White 

men (Pinteraction=0.0383) and women (Pinteraction=0.0514); the influence of PGS attenuated 

with older age (Figure 2; Table 3). Among White men, at age 50, the mean BMI difference 

between the 90th and 10th percentiles was 4.25 kg/m2 (95%CI: 2.97, 5.81; p<0.0001). At age 

70, the mean BMI difference was 3.11 kg/m2 (95%CI: 2.19, 4.04; p<0.0001), which is 73% 

that of age 50 (or 1.14 kg/m2 lower BMI). Similarly, among White women aged 50 years, 

the mean BMI difference between the 90th and 10th PGS percentiles were 6.82 kg/m2 

(95%CI: 5.62, 7.99; p<0.0001), compared to 5.48 kg/m2 (95% CI: 4.57, 6.35; p<0.0001) at 

age 70 (80% that of age 50 or 1.34 kg/m2 less). No significant PGS-age interaction was 

detected among Black men (Pinteraction=0.9496) or women (Pinteraction=0.1883).

PGS-Physical Activity Interaction—Physical activity appeared to modify the effect of 

PGS on BMI among White women (Figure 3a). Vigorous physical activity was associated 

with lower mean BMI compared to those reporting some/no physical activity. The protective 

effect of vigorous physical activity on BMI was stronger with increasing PGS (β interaction=

−1.04 kg/m2, 95%CI: −2.10, 0.02, p=0.0546). For women in the 90th PGS percentile, 
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vigorous physical activity was associated with 1.66 kg/m2 (95%CI: 1.06, 2.29; p<0.0001) 

lower mean BMI compared to those reporting some/no physical activity, which was twice 

that of the 10th PGS percentile: 0.83 kg/m2 (95%CI: 0.37, 1.29; p=0.0005). A similar pattern 

was observed with regards to moderate physical activity, compared to some/never, as well as 

for White men; however, these interactions were not statistically significant.

PGS-Alcohol Consumption & PGS-Childhood Socioeconomic Status 
Interactions—Interaction was observed between PGS and low levels of alcohol intake 

(Figure 3b) among White men and women and Black women, but with different directions in 

men and women. Among women, consuming an average of one alcoholic drink per day, 

versus none, was associated with slower rate of increase in BMI induced by PGS (White 

women: β interaction=−0.85, 95%CI: −1.75, 0.06, p=0.0664; Black women: β interaction=−2.07, 

95%CI: −3.65, −0.48, p=0.0108). Higher rates of change in BMI by PGS were found in men 

(White men: β interaction=1.44, 95%CI: 0.48, 2.41, p=0.0034; Black men: β interaction=0.60, 

95%CI: −1.24, 2.44, p=0.5258).

Interaction between cSES and PGS on BMI was observed only among White women. For 

lower PGS percentiles, the mean BMI among average cSES White women was lower than 

women with poor cSES (Figure 3c). However, the rate of change in BMI by PGS was 

greater in average cSES White women (3.40 kg/m2, 95%CI: 1.43, 5.38, Pinteraction=0.0007). 

The difference in mean BMI at the 10th PGS percentile −0.79 kg/m2 and 1.93 kg/m2 in the 

90th percentile. A similar, but not statistically significant, pattern was observed in Black 

women.

Discussion

Our study examined the longitudinal interplay of polygenic risk and obesogenic 

characteristics, including demographic and modifiable lifestyle factors, on objectively 

measured BMI within two nationally representative samples of older Black and White men 

and women from the HRS. We first demonstrated evidence for the BMI-elevating effect of 

underlying polygenic risk, derived from the recent Locke et al.37 meta-analysis, and the 

differential rank percentile effects of PGS across racial- and sex-specific subgroups on 

average BMI. Higher PGS percentiles appeared to have a greater BMI-elevating effect 

among White participants, compared to Black participants, particularly women. These 

findings may indicate that the PGS, derived primarily from participants of European 

descent37, does not adequately represent the underlying genetic determinants of BMI among 

Black Americans.

We observed significant interactions between PGS and several demographic and behavioral 

factors. In our adjusted analyses, we observed that the association between elevated 

polygenic risk and BMI attenuated by increasing age. Walter et al.25 reported a similar birth 

cohort interaction among HRS participants utilizing a 29-SNP PGS and self-reported BMI; 

that is, the association between PGS and self-reported BMI was greater among White 

participants from younger cohorts, suggesting that genetic risk becomes less influential in 

older adulthood. Aside from the updated PGS, versus the aforementioned 29-SNP PGS, our 

study differs from Walter et al.25 by accounting for several obesogenic environmental 
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factors, including physical activity, depression, alcohol consumption, and smoking; however, 

changes to other environmental factors that contribute to the age-related effects may explain 

the age-PGS interaction, particularly differences in unmeasured dietary behaviors between 

younger and older adults. A growing number of gene-environment studies on BMI show a 

significant interaction between dietary factors and genetic risk in adults.13, 42–45 However, 

this hypothesis does not sufficiently explain why the age-PGS interaction was only detected 

among White, and not Black, participants, since dietary shifts often disproportionately affect 

BMI variation among ethnic minority groups.46

The effect of BMI PGS was stronger among White women reporting some or no physical 

activity compared to those reporting vigorous physical activity twice or more per week. 

Tyrrell et al.21 demonstrated similar findings utilizing a 69-SNP PGS derived from the UK 

Biobank study, where the effect of vigorous activity (>1 hour compared to ≤ 1 hour weekly) 

was stronger in the 10% highest genetic risk than those in the 10% lowest genetic risk. Our 

interaction results were consistent with these findings among White women (p=0.055), but 

not among White men (p=0.647). Moreover, a similar interaction effect was observed in 

postmenopausal women of European ancestry from the Women’s Health Initiative.12 Thus, 

our findings replicated those of prior studies suggesting that vigorous physical activity may 

mitigate the effects of genetic predisposition to obesity, and suggest that these findings may 

be stronger among White women.

Among White men, the BMI-elevating association of PGS was significantly stronger among 

those reporting one alcoholic drink per day versus alcohol abstinence. These findings were 

unexpected as several recent gene-environment studies observe a significant attenuation of 

PGS for BMI higher alcohol consumption compared to abstainers.20, 23, 27 However, low-

level alcohol use appeared to significantly attenuate the PGS effect among women in a 

similar manner reported in the literature. Moreover, we observed that higher alcohol 

consumption had a similar effect on mean BMI as alcohol abstinence across PGS levels in 

While men. One explanation may be that alcohol abstainers previously drank heavily and 

quit prior to the baseline questionnaire. Similarly, average cSES was associated with a 

significantly higher BMI among White women with the highest PGS, relative to both poor 

and well-off cSES; however, average cSES was associated with lower BMI among those 

with the lowest PGS. Given the well-documented association between adverse childhood 

experiences, including financial difficulties, and premature mortality,47, 48 differing survival 

prior to cohort entry may explain the greater PGS effect among those with average cSES. 

Nonetheless, while we offer some explanations for these differences, it is important to note 

that the proportion of individuals within higher levels of daily alcohol use and well-off cSES 

are markedly small; thus, interpretation of these patterns should be made cautiously. Further 

investigation is warranted to elucidate the interaction between alcohol use, cSES, and 

polygenic risk.

There are several important limitations to consider when interpreting our findings. First, the 

SNPs used in calculating the PGS derive largely from GWAS of European groups, and thus, 

may not encapsulate the underlying genetic risk among not only Black American, but White 

Americans, as well. Moreover, while HRS uses a relatively recent GWAS meta-analysis 

from the GIANT Consortium to calculate PGS, a larger and more recently published GWAS 
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meta-analysis using discovery data from the UK Biobank and the GIANT Consortium 

identified 941 near-independent SNPs explaining approximately 6.0% of the variance of 

BMI in the HRS replication sample.49 Without access to the HRS GWAS data, the PGS we 

use is limited to the most recent version produced by the HRS team; however, the correlation 

between PGS and BMI in HRS participants is near identical to the correlation between the 

PGS derived from the latest meta-analysis (r = 0.220) and the PGS used in our study (r = 

0.257 for White participants, and r = 0.216 for both Black and White participants 

combined).49 Second, our use of measured BMI led to a relatively small sample size of HRS 

participants, possibly impeding our ability to detect other important main and interaction 

effects. Third, in using an older cohort of adults, survival bias may have led to a sample of 

healthier participants, compared to the general U.S. population.30 Survival bias may have 

disproportionately affected Black participants prior to cohort entry.50 Fourthly, the self-

reported behaviors are subject to information biases; however, it is unlikely that social 

desirability would differentially affect responses by BMI or genetic variation as both were 

objectively measured. Lastly, BMI does not fully encapsulate adiposity, as it does not 

account for the various components of body composition.51 This issue may be particularly 

problematic given our sample of older adults, as decreases in BMI may be attributed to age-

related muscle loss, contributing to adverse health outcomes.52

Despite these limitations, our study had many strengths. To our knowledge, we are the first 

to quantify both the independent effect of PGS, as well as the interactions between PGS and 

lifestyle factors, among sex- and ethnic-specific strata from a nationally representative 

sample of older adults. Quantifying these associations within different groups offers crucial 

insights that may improve precision in therapeutic approaches targeting BMI in older 

adulthood. For instance, examining the determinants of sex-linked biological traits, such as 

BMI, may contribute crucial information on how differences in health outcomes may occur.
53 Moreover, while other studies have examined similar covariate interaction in other 

cohorts, our study is distinguished by utilizing a PGS incorporating a more recent GWAS 

meta-analysis, thus providing a more robust measurement of underlying genetic risk.37 In 

addition, while many gene-environment studies on BMI use self-reported BMI, our use of 

objectively-measured BMI greatly reduces the possibility of a differential misclassification 

in our outcome measure. Therefore, despite our relatively modest sample size, there is 

substantial reliability in the observed interactions between PGS and obesogenic 

environmental factors across sex and race.

In conclusion, we observed significant associations between PGS and obesogenic 

environment factors on BMI among White men and women from a nationally representative 

sample of older adults. Future investigations may benefit from examining interaction 

between genetic risk and changing dietary trends, the latter of which is contributing to 

recent, secular elevations in BMI. Moreover, further inquiry into additional genetic loci 

among non-Europeans may further explain the distinct pattern of association between PGS 

and BMI we observed among Black participants. Researchers should continue to focus on 

understanding the complex interplay between genetics and environmental factors on BMI, 

particularly among understudied, underserved, and high-risk populations, to better inform 

understanding of the underlying etiology of obesity and how to intervene.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Analytic Sample Derivation from the Health and Retirement Study
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Figure 2. 
Estimated mean BMI trajectories from 50 to 70 years of age and 95% confidence bands 

evaluated at 10th and 90th PGS percentiles for White and Black men and women study 

participants. PGS-by-Age interactions were observed for White men: Pinteraction = 0.0383, 

White women: Pinteraction = 0.0514, Black men: Pinteraction = 0.9496, White women: 

Pinteraction = 0.1883.
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Figure 3. 
Interaction between PGS and (a) vigorous activities versus no/some physical activity, (b) 1 

alcoholic drink per day versus none, and (c) poor childhood SES versus average. The shaded 

areas are the 95% confidence bands for estimated mean BMI. (See supplementary Table S3 

for the estimated difference between the 10th and 90th PGS percentile and Figure S1 for all 

levels for each variable).
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