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Abstract

Objectives: To examine the relationship between obesity and mortality as a function of polygenic risk for obesity among
older U.S. adults.

Method: Using data from the 1994-2014 Health and Retirement Study in conjunction with genome-wide data, we evalu-
ated the risk of mortality as a function of obesity classification, an individual’s polygenic risk score (PGS) for obesity, and
their interaction, stratified by sex. We conducted our analyses using cox proportional hazard models.

Results: Among those with an average PGS for obesity (8,143 [68.8%]), obese I (hazard ratio [HR] = 0.79, p = .336) adults
show no difference in their risk for mortality and obese II/III (HR = 3.17, p = .000) adults present higher risk of mortality
relative to non-obese adults. The interaction of obesity classification and PGS suggests that obese II/III respondents with
low PGS in the total sample (HR = 2.71, p = .006) and among women (HR = 3.02, p = .023) are at significantly higher risk
of death when compared to obese II/III respondents with average or high PGS.

Discussion: We posit that these findings suggest that the pathway to obesity, in this case, more socio-behavioral rather than
genetic, may influence subsequent risk of death in older adults. We suggest that practitioners and population researchers be
mindful of these pathways as to better identify and understand mortality risk.
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Previous research has shown that obesity increases the risk
of mortality (Flegal, Kit, Orpana, & Graubard, 2013) ac-
counting for 16% and 22% of adult deaths among non-
Hispanic white men and women, respectively (Masters
et al., 2013). These associations are not without contro-
versy, as some have questioned body size classification
(Adams et al., 2006), biases involving misclassification due
to self-reported measures (Ahima & Lazar, 2013), selection
effects due to mortality (Flegal, Kit, & Graubard, 2017),
and a limited understanding of the metabolic pathways in-
volved (Read et al., 2017). Though some recent research

examines the role genetics plays in the relationship between
Body Mass Index (BMI) and chronic disease (Dhana et al.,
2018; Gianfrancesco et al., 2017), we propose that some of
the inconsistency in the general association between obesity
and mortality is because extant research has not differenti-
ated between more socio-behavioral and genetically influ-
enced pathways to obesity.

The reluctance to draw distinctions between putatively
environmental pathways like obesogenic neighborhoods
(Barrientos-Gutierrez et al., 2017) and more straight-
forward genetic channels (Locke et al., 2015) reflects a
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complex, multifactorial etiology. Despite this acknowl-
edged complexity—where genetics and environment not
only play independent roles in determining BMI and as-
sociated health measures, but also likely interact with one
another through epigenetic mechanisms (Rohde et al.,
2019)—it may be valuable to consider whether those with
relatively more “socio-behaviorally” induced obesity evince
systemically different outcomes compared to those whose
obesity is more genetically influenced. While we recognize
the crude distinction of this classification system, we hy-
pothesize that the association between obesity and mor-
tality will be substantially higher for those with a relatively
low genetic propensity for obesity compared to those with
a high genetic propensity for obesity. In this study, we use a
polygenic risk score (PGS; Dudbridge, 2013) as the measure
of genetic propensity, which is a single score reflecting the
accumulation of common risk variants across the genome.
While all people have some socio-behavioral and genetic
risk, we assume that obesity for those with low polygenic
risk may have more to do with socio-behavioral risks like
general health lifestyle (Cockerham, 2005) when compared
to those with a high polygenic risk for obesity. We intuit
that these socio-behavioral risk factors (e.g., inactivity, ca-
loric abundance) plausibly carry more severe health conse-
quences for those with a more socio-behavioral disposition
to obesity compared to their peers for whom BMI dispo-
sition is more largely influenced by polygenic liability. To
evaluate this hypothesis, we model the risk of mortality as
a function of obesity status, polygenic risk for obesity, and
an interaction between the two variables.

Methods

We use a sample of 11,843 non-Hispanic white adults aged
50 years or older from the Health and Retirement Study
(HRS) for the years 1994-2014. Genetic data for the HRS
are based on samples collected in two phases. First, via
buccal swabs in 2006 using the Qiagen Autopure method.
Second, via saliva samples collected in 2008 and extracted
with Oragene. Genotype calls were then made with the
[llumina HumanOmni2.5-4v1 array (National Center for
Biotechnology Information, 2012). Using STATA 15, we es-
timate cox proportional hazard models for the full sample
and separately for men and women. All models control for
age and sex (in the full model). PGSs were created using
results from a large genome-wide association study of BMI
in over 300,000 participants of European ancestry (Locke
et al., 2015), which provided estimates of the effect size for
common genetic variants (i.e., alleles) across the genome
on obesity. For each individual in the HRS, a PGS was con-
structed by adding the number of risk alleles (i.e., those
associated with risk for higher BMI) and weighting each
risk by the strength of its association with BMI as estimated
in Locke and colleagues (2015) (Ware et al., 2018). The
resulting PGS has been shown to explain about 20% of
the variation in BMI (Locke et al., 2015). Within the HRS,

we can explain 6.91% (R? = 0.0691) of the variation in
average BMI across all waves among non-Hispanic whites
with the BMI PGS. Further, recent work has shown that
high PGS for BMI is associated with a 19% increase in the
risk of mortality, suggesting that it is a useful predictor of
mortality (Khera et al., 2019). We differentiated between
low (referent; PGS < -10), average (-1o < PGS < 10),
and high (PGS > 10) PGS and non-obese' (referent; 18.5—
29.9), obese 1 (30.0-34.9), and obese II/III (>35) for BMI.
Controls include years of education (0—17+; mean-centered
at 13.26 years) and average self-reported functional limita-
tion? across all waves (0-5; mean = 0.48). Due to potential
confounds (i.e., spurious allele associations) that may arise
due to systematic differences in allele frequencies across
groups with different genetic ancestries (Martin et al.,
2017), we limited our sample to non-Hispanic white re-
spondents. Further, we controlled for the top ten principal
components derived from the genome-wide data using
standard techniques (Patterson, Price, & Reich, 2016).
The inclusion of these genetic principal components fur-
ther rules out the likelihood that our measure of polygenic
risk is simply reflecting the observed differences across the
genome among those of European ancestry (Price et al.,
2006) that are also correlated with obesity but not causal.

Results

Overall, 28.1% of our sample reported an average BMI
above 30. We did not observe any sex differences in
class I obesity, but there were notable differences in the
prevalence of class II/III for women (10.4%) compared
to men (7.7%).> Importantly, there is a clear association
between PGS and obesity classification (x* = 462.39, p <
.001). Adults with a high PGS for obesity were nearly 2.5
times more likely to be obese (33.5%) compared to those
with a low PGS (13.9%). Increasing the BMI PGS from
the average level to the high level increased the relative
odds of obesity by 102% (odds ratio [OR] = 2.02) and this
pattern was consistent for women (OR = 1.96) and men
(OR = 2.15).

Table 1 presents the results of cox proportional hazard
models for mortality for the total sample and separately by
sex and denote the focus of this article. In the total sample,
obese I adults (hazard ratio [HR] = 0.79, p = .366) show

! “Non-obese” excludes underweight respondents (n = 85; 0.71%
of the genotyped non-Hispanic white sample). Models including
the underweight sample show the same trends but with less
precision.

2 This measure is an average score of “instrumental activities of
daily living” limitations that are self-reported at each wave for
five activities: using a telephone, taking medication, handling
money, shopping, and preparing meals. Respondents can report
between 0 and 5 limitations in each wave of the HRS.

®  Please see Supplementary Tables 1 and 2 for full descriptive and
bivariate statistics.
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Table 1. The Interactive Effect of Obesity and Polygenic Risk for Obesity on Increased Risk of Mortality Among Adults in the

United States

Total Female Male
HR 95% CI HR 95% CI HR 95% CI
BMI [Ref. 18.5-29.9]
Obese 1[30.0-34.9] 0.79 0.48,1.31 0.61 0.25,1.50 0.84 0.46,1.57
Obese II/IIT [>35.0] 3.17 1.73,5.81 3.94 1.72,9.04 2.63 1.07, 6.46
BMI PGS [Ref. Low < -10]
Average [-10< PGS < 10] 1.18 1.02,1.37 1.31 1.06, 1.63 1.07 0.88,1.31
High [PGS > 10] 1.33 1.09, 1.61 1.62 1.18,2.09 1.10 0.84, 1.44
Interaction effects
Obese I x Average 1.37 0.80,2.32 1.79 0.71,4.52 1.23 0.64,2.36
Obese II/III x Average 0.45 0.24,0.85 0.39 0.16, 0.94 0.53 0.20,1.39
Obese I x High 1.38 0.78,2.46 1.73 0.65,4.66 1.29 0.63,2.65
Obese II/III x High 0.37 0.18,0.75 0.33 0.13,0.86 0.41 0.14,1.17
Years of education 0.95 0.94,0.97 0.94 0.92,0.97 0.95 0.93,0.97
Average self-report limitation 1.42 1.32,1.55 1.53 1.37,1.71 1.39 1.23,1.57

Note: BMI = body mass index; CI = confidence interval; HR = hazard ratio; PGS = polygenic risk score. Data come from the Health and Retirement Study (HRS)

for the years 1994-2014. Cell entries are Hazard Ratios derived from Cox Proportional Hazard models among 11,843 respondents (female = 6,739; male = 5,104)

of the HRS. All models control for age and the top 10 principal components derived from genome-wide data.

no difference in their risk for mortality when compared
to non-obese adults, and obese II/IIl adults (HR = 3.17,
p = .000) present higher risk of mortality when compared
to non-obese adults. Among non-obese adults, low PGS re-
duced the risk of mortality, suggesting that low PGS may
serve a protective effect above and beyond BMI. Similarly,
those with high PGS were at higher odds for mortality
when compared to low PGS respondents, which substan-
tively suggests that higher PGS increases risk for mortality
among normal-weight adults. The direction of the interac-
tion is consistent with our primary hypothesis. The asso-
ciation of obese II/IIl on mortality increased substantially
among those with the low PGS (e.g., the socio-behaviorally
obese). We did not find evidence for a reduced effect of
high PGS, or genetic obesity, compared to those with an
average PGS.

Evaluating these same associations among men and
women reveal important differences. First, the association
between obesity and mortality is higher among women
compared to men. When compared to non-obese adults,
neither obese I men (HR = 0.84, p = .593) or women
(HR = 0.61, p = .281) show higher risk of death. While
both obese II/IIl men (HR = 2.63, p = .034) and women
(HR = 3.94, p = .001) are at significantly greater risk for
mortality than the non-obese, the association remains no-
tably higher for women. Second, the association between
the interactions describe above (i.e., BMI and PGS) and
the risk of mortality are only significant among women.
To better illustrate how socio-behaviorally oriented obe-
sity may impact mortality risk, we present survival curves
among obese II/IIl men and women separately as a function
of their polygenic risk for obesity (Figure 1). The most im-
portant comparison is the two solid lines that differentiate
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Figure 1. Survival curve across age for male and female older adults in
the obese II/lll category by polygenic risk score

between obese II/IIl women with a low PGS (the solid
black line) and those with a high PGS (the solid gray line).
Keeping in mind that the number of men in the obese II/ITI
category is nearly one-half (n = 394) the number of women
in this category (7 = 703) and while we do not find a signif-
icant association among men, it is important to note that
a very similar same association is evident among men (the

dashed lines).

Discussion

We see the expected gradients for obesity on mortality
among those with average or high polygenic risk for obe-
sity. We also show that the increased risk of mortality
associated with obese II/III depends on cumulative ge-
netic risk for obesity such that a small group of obese
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older adults with a low polygenetic risk may experience
the greatest risk of mortality compared to other groups;
socio-behaviorally obese women are at particularly high
risk of death. An optimistic interpretation of these re-
sults is that these pathways are modifiable. The social and
behavioral factors that contribute to obesity can be ad-
dressed in order to reduce the risk of obesity-related mor-
tality, especially among women in the US. The increase in
obesity prevalence that has been noted by others (Ogden,
Carroll, Kit, & Flegal, 2014) cannot be due to changes in
the prevalence of risk alleles associated with the morbidity
but rather changes in the social and behavioral lifestyles
of adults in the United States over the past 30-40 years.
Our results echo this, but we note that genotype provides
important information about who is at the greatest risk
of mortality associated with obesity. By understanding
one’s unique genetic risk for elevated BMI, it is possible
to characterize obesity as a uniquely risky factor related
to mortality.

Limitations

There are several limitations to this study. First, we lack
data in early life, which may provide important informa-
tion about life course exposures (Hayward & Gorman,
2004). Second, this data is limited to the United States
and does not provide insight into international trends.
Third, these analyses are primarily based on self-report
data. Fourth, this initial investigation was limited to non-
Hispanic and white respondents for statistical reasons de-
scribed above. It is important to replicate these analyses
among all ethnic and racial groups as PGS based on GWAS
that includes larger samples of nonwhites become available
to researchers. Finally, the goal of this study was to char-
acterize polygenic risk for obesity without detailing the full
contours of socio-behavioral and environmental risks. It
is our hope that the results presented here inspire future
studies that more rigorously investigate these social and en-
vironmental exposures, such as neighborhood walkability
(Kowaleski-Jones et al., 2017), in older adulthood and
throughout the life course.

Conclusion

To the best of our knowledge, this represents the first
empirical analysis of the interactive relationship between
polygenic risk for BMI, reported BMI, and mortality. It
is commonplace for both physicians and researchers to
identify family history and socio-behavioral risk fac-
tors to better understand the risk of obesity and asso-
ciated mortality. Thus, the distinction between obesity
as a result of family factors, which include genetics, or
obesity as a result of behaviors and overall health life-
style (Cockerham, 2005) unique to a specific individual
is nothing new. To date, however, understanding this
distinction with respect to identifying the mechanisms

responsible for an individual’s selection into obesity,
has not been part of the standard toolkit of gerontolo-
gists, demographers, or epidemiologists. We believe
that the identification and consideration of individu-
ally oriented polygenic risk, alongside these familial and
socio-behavioral factors, maybe a central component to
understanding the risk and prevalence of obesity. We en-
courage other researchers to extend this same approach
to other important morbidities especially those with a
strong behavioral component. We believe that this un-
derstanding is very much in line with Fundamental Cause
Theory (Link and Phelan, 1995), which argues that the
proximate determinants of death have changed consid-
erably over time from infectious to chronic disease, and
yet those at the lowest rung of the economic ladder are
still more likely to die earlier compared to those at the
top of the ladder. As such, socioeconomic status remains
a fundamental determinant of health. We believe that
by characterizing the composition of the obese popula-
tion as primarily (but not exclusively) social and genetic
paths of entry, our work demonstrates that the link be-
tween obesity and mortality may be primarily due to so-
cial rather than genetic pathways. Thus, while some have
been critical of the use of genetics in social epidemiologic
research (Shostak, 2003) because of the overly inward
focus, we hope to have made the case that the use of indi-
vidual polygenic risk for a specific morbidity can change
the focus to an outward orientation which stresses and
reinforces the perspective that the social environment re-
mains a fundamental feature of individual and popula-
tion health.

Supplementary Material

Supplementary data are available at The Journals of
Gerontology, Series B: Psychological Sciences and Social
Sciences online.
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