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EPIDEMIOLOGY/GENETICS

Effect of Genetic Propensity for Obesity on Income and
Wealth Through Educational Attainment

Pankaj C. Patel' and Cornelius A. Rietveld "= 2

Objective: This study contributes to the literature on the income and wealth consequences of obesity by
exploiting recent discoveries about the genetic basis of BMI.

Methods: The relation between a genetic risk score (GRS) for BMI, which reflects the genetic predisposition to
have a higher body weight, and income and wealth was analyzed in a longitudinal data set comprising 5,962
individuals (22,490 individual-year observations) from the US Health and Retirement Study.

Results: Empirical analyses showed that the GRS for BMI lowers individual income and household wealth
through the channel of lower educational attainment. Sex-stratified analyses showed that this effect is par-
ticularly significant among females.

Conclusions: This study provides support for the negative effects of the GRS for BMI on individual income
and household wealth through lower education for females. For males, the effects are estimated to be
smaller and insignificant. The larger effects for females compared with males may be due to greater labor
market taste-based discrimination faced by females.
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weight on labor market outcomes (4). However, because of the pleiotro-
pic functioning of genes (genes influencing multiple outcomes simulta-
neously), it can be questioned whether the exclusion restriction holds in
these so-called Mendelian randomization studies (5).

Introduction

The worldwide prevalence of obesity has increased substantially in
recent years. The economic consequences of obesity have been widely
studied (1). Obesity has been associated with unemployment, lower
income, and receiving government benefits (1). The influence of obe-
sity on poorer labor market outcomes is primarily through worsening
health (1). Poor health, driven by higher obesity, may lower productiv-
ity at the workplace but may also exacerbate taste-based discrimina-
tion from employers (2).

Nevertheless, the heritability of obesity is estimated to be around
40% to 70% (6), and this provides opportunities to make progress in
the literature on BMI and labor market outcomes. A 2015 genome-
wide association study (GWAS) succeeded in finding several individ-
ual genetic variants that are related to BMI (7). Based on the GWAS
results, a genetic risk score (GRS) for BMI could be constructed that
explained 21.6% of actual BMI (7). The GRS is a weighted sum of
multiple genetic variants, and the weights are proportional to the
estimated effect sizes in a GWAS (8). Because the GRS is endowed

One of the major identification issues in this research area is the reverse
causality between body weight and labor market outcomes, meaning
that lower weight may impact earnings positively but lower earnings

may also increase weight. Important factors that are difficult to include
in empirical models, such as investments in health capital, further com-
plicate the estimation of these relationships. Leveraging the heritable
aspect of obesity, studies have used the weight of a relative as an instru-
mental variable to infer causality (3). However, vicarious learning and
social contagion factors associated with the relative’s weight may have
an influence on one’s own weight. Recently, genetic variants associated
with obesity were used as instrumental variables to assess the effect of

at conception, the GRS for obesity may help to unpack channels
through which BMI and labor market outcomes are related. This
paper contributes to the literature by using a GRS for obesity as a
predictor of educational attainment that in turn influences later-life
income and wealth accumulation.

We draw on a longitudinal data set comprising 5,962 individuals (22,490
individual-year observations) from the US Health and Retirement Study
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(HRS). The HRS is a representative panel of Americans older than
50 years of age and their spouses, which offers a fairly unique opportu-
nity to link the GRS for BMI with longitudinal data on later-life income
and wealth. Our results show that the mediation path through educational
attainment is supported for females but not for males. The results are in
line with prior studies indicating that the negative influence of obesity on
labor market outcomes is stronger for females than for males (9).

Methods

In our study, we drew on data from the HRS that are representative for
the US population older than 50 years and their spouses (10). The HRS
focuses on a variety of labor market, health, and retirement outcomes.
Genetic data were collected from consenting HRS participants be-
tween 2006 and 2012 (11). In this study, we used the GRS for BMI that
was released in April 2018. The GRS for BMI is based on results from
a GWAS conducted by the Genetic Investigation of Anthropometric
Traits (GIANT) consortium (7). The GRS for BMI was merged with
the data file provided by the RAND Center for the Study of Aging,
which includes the harmonized biennial data of the HRS (1992-2014,
version P).

Our outcome variables were the logarithm of individual income and
household wealth. Despite the self-reported nature of these vari-
ables, these measures are highly reliable (12). Our main predictor
was the GRS for BMI, which was standardized to have mean 0 and
standard deviation (SD) 1 in the genotyped sample. The mediator
was educational attainment in years of education. Because of the
time-varying nature of the dependent variables and the time-invari-
ant nature of the GRS for BMI and educational attainment, we used
random-effects panel regression (with standard errors clustered at the
individual level). In this model, we controlled for current BMI, age,
gender, marital status (1=Iliving together; O=not living together),
number of children, self-reported health (1=excellent to 5=poor),
the logarithm of spousal income, industry of occupation (dummies
for working in the first sector, second sector, and third sector), job
type (dummies for white collar, pink collar, blue collar: services, and
blue collar: manual labor), and wave dummies. Moreover, we used
10 principal components of the genetic relationship matrix to control
for subtle population stratification. Population stratification may bias
estimates between genetic factors (such as a GRS) and outcome vari-
ables if genetic differences between subpopulations in the sample are
related to unobserved factors not accounted for in the model (such as
culture or regional factors). The inclusion of principal components
addresses this concern adequately in the HRS (13). A full description
of the variables included in the analyses is available in Supporting
Information Table S1.

The effect of the GRS for BMI on income and wealth through educa-
tional attainment was assessed using the “difference-in-coefficient”
approach (14). This approach compares the coefficient of the GRS
for BMI in a model with and without the mediating variable. The
change in the coefficient for the GRS for BMI due to the inclusion
of educational attainment indicates to what extent the mediating
variable explains the relationship between the GRS for BMI and
the dependent variable. The significance of the mediating effect was
assessed using the Karlson-Holm-Breen (KHB) method (15). Based
on the assessment that “there is a robust negative correlation between
weight and income among women but not men; i.e., higher-income
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women are less likely to [have obesity]” (1), we performed the
regressions in the full sample as well as in sex-stratified subsamples.

Following the recommendations of the genotyping center, the sample
was restricted to individuals of European ancestry (16). To ensure
that we focused solely on individuals who are active in the labor mar-
ket, we further excluded individuals older than 65 years of age and
those who were retired. For generalizability purposes, individuals
(spouses) aged below 50 were also excluded. The final analysis sam-
ple included 5,962 individuals representing 22,490 individual-year
observations with complete information on all variables included in
the regressions. Table 1 presents descriptive statistics of the analysis
sample. Correlation tables are available in Supporting Information
Tables S2-S4.

Results

Table 2 depicts the main results for the models explaining the log-
arithm of individual income (Panel A) and the logarithm of house-
hold wealth (Panel B). In the full sample, we found a significantly
negative association between the GRS for BMI and wealth (Column
1). The relation between the GRS for BMI and income was not sig-
nificant (P=0.196). The relation between educational attainment
and both outcomes was significantly positive (Column 2). Overall,
we observed that the indirect relation between the GRS for BMI
and individual income as well as household wealth was significantly
negative (Column 3). The percentage of mediation was 13.67% and
23.27%, respectively (Column 4).

However, the sex-stratified results indicated that the effect between the
GRS for BMI and our outcomes through educational attainment was
heterogeneous across sexes. For individual income, the percentage of
mediation was 11.29% for males and 17.25% for females. For males,
this indirect relationship was not significant at the 5% level (P=0.289).
For household wealth, the percentage of mediation was also higher
for females than for males (37.09% vs. 12.79%). The indirect relation
between the GRS for BMI and this outcome through educational attain-
ment was significant only for females (P=0.249 for males).

Discussion

In this study, we draw on the genetic basis of obesity to study the in-
fluence of BMI on income and wealth through educational attainment.
Our study provides support for the negative effects of the GRS for BMI
on individual income and household wealth through lower education
for females. For males, the effects are estimated to be smaller and in-
significant. These results are consistent with earlier studies indicat-
ing the absence of a negative correlation between weight and income
among males (1). Moreover, the larger effects for females compared
with males may be due to greater labor market taste-based discrimina-
tion faced by females (17).

Our inferences are based on data from individuals aged between
50 and 65 years living in the US. Therefore, the generalizability of our
findings to developing countries and younger populations may be lim-
ited. Nevertheless, our study clearly warrants further research into what
makes individuals with a high genetic propensity for obesity attain a
relatively low level of education, e.g., by investigating whether there are
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characteristics (such as personality traits) genetically related to BMI as
well as to educational attainment. Moreover, future studies may explore
the feasibility and desirability of testing for one’s GRS for BMI at a
young age to plan interventions to improve educational attainment and
subsequently later-life income and wealth.O

© 2019 The Authors. Obesity published by Wiley Periodicals, Inc. on
behalf of The Obesity Society (TOS)
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