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Abstract

Many health conditions have a strong genetic component. We examine whether genetic
factors related to risky health behaviors explain variation in health. Using Health and
Retirement Study data, we estimate associations between health and the genetic endow-
ments linked to smoking initiation and intensity. Among those aged 50-65, higher genetic
predisposition for smoking associates with worse health, even after flexibly controlling for
individual smoking behavior and among never smokers, suggesting the genetic endowments
correlate with health through non-smoking channels. The genetic endowments correlate
with longevity expectations, planning horizons, and measures of conscientiousness, but these
channels do not fully explain the estimated relationship between genetic risk for smoking and
health. Furthermore, an increase in a spouse’s genetic risk for smoking intensity has adverse
spillovers for own health. Overall, our results suggest the genetic factors linked to smoking
capture an array of traits that correlate with less engagement in health-promoting activities.
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1 Introduction

Many chronic conditions and health outcomes, such as diabetes, cardiovascular disease, and body
weight, have a strong genetic basis. For example, studies that compare identical and fraternal
twins find that genetic differences explain 50-90 percent of the variation in body mass index
(Wehby 2016). Evidence on the heritability of health largely comes from these twin studies, which
tell us how much genes collectively matter, but do not identify the particular genetic markers or
pathways that influence health.

In this paper, we take advantage of recent advances in genetics that have led to the discovery
of genetic markers that correlate with health behaviors. We explore the empirical relationship
between health and genetic risk for smoking to understand whether and how genes linked to
risky health behaviors explain variation in health outcomes. Understanding the factors underlying
differences in health is important as the effects of public health policies will vary depending on
the sources of health variation. Many policies directly restrict risky health behaviors, such as bans
on smoking in public places or minimum legal purchase ages of cigarettes and alcohol. But, if
the factors that predispose one toward risky behaviors also influence health even conditional on
engagement in the risky behavior, then targeting these factors may be a more attractive policy
option. For example, if genetic endowments linked to smoking are also tied to time preferences
or returns on health investments, then commitment devices or monetary rewards for engaging
in health-promoting behaviors may be more effective in modifying behavior and improving health.

We estimate associations between the genetic risk for smoking and health outcomes among
those aged 50-65 using the Health and Retirement Study (HRS). We focus on two genetic
measures—the polygenic score for smoking initiation (hereafter, the initiation score) and the
polygenic score for smoking intensity as measured by the number of cigarettes smoked per day
(hereafter, the CPD score). A polygenic score is a linear index of genetic markers that associate
with the outcome or trait of interest. A higher initiation score means an individual is more likely
to ever regularly smoke and a higher CPD score means they are more likely to smoke heavily.

Our estimates reveal a meaningful and statistically significant relationship between the smoking
polygenic scores and several adverse health outcomes, and the associations are present even after
flexibly controlling for individual smoking behavior. Higher initiation scores and CPD scores are
associated with worse health on a variety of dimensions including self-reported health, diabetes,
arthritis, body mass index, and obesity as well as an index that aggregates the individual health
outcomes. Furthermore, a higher CPD score is robustly associated with worse health among both
those who have ever smoked and never smokers, while never smokers drive the relationship between

the initiation score and health. Taken together, our results suggest the genetic endowments for



smoking associate with health through channels beyond smoking.

As individuals inherit their genes, those with a higher genetic risk for smoking may grow up with
parents who smoked or were in poor health. Variation in the smoking polygenic scores could reflect
childhood environments, such as differential exposure to secondhand smoke. We add controls for
parental smoking, parental mortality, and parental risky behaviors (problematic drug use or drink-
ing), and find these controls associate significantly with health, but generate only modest changes
in the estimated relationship between the smoking polygenic scores and health. Given evidence that
health outcomes and behaviors are correlated between spouses and that smokers are more likely to
marry smokers, we also add controls for spousal smoking behavior and spousal smoking polygenic
scores. The addition of these controls, particularly spousal smoking behavior, diminishes the esti-
mated relationship between one’s own CPD score and health but by less than 14 percent. We find
that the spousal CPD score has a statistically significant adverse relationship with own health (con-
trolling for spousal smoking behavior), a result consistent with growing evidence of social-genetic
effects (i.e., the influence of others’ genotypes) (e.g., Domingue and Belsky 2017, Kong et al. 2018,
Cawley et al. 2019, Sotoudeh et al. 2019, Brunello et al. 2020, Cawley et al. 2023, Jeong 2023, Otten
and Mandemakers 2023). As couples likely engage in similar health behaviors, such as those related
to diet, nutrition, and physical activity, these results support the notion that genetic endowments for
smoking reflect factors that influence health and health behaviors more generally beyond smoking.*

Given the robust associations between the smoking polygenic scores and health that remain
even after including parental and spousal controls, we then explore channels through which the
genetic factors may operate, namely risk preferences, longevity expectations, time preferences,
and impulsivity. Studies show smokers tend to be more risk-prone, impatient, and impulsive than
non-smokers (e.g., Khwaja et al. 2006, 2007a). We find that increased genetic risk for smoking
significantly associates with lower expectations of living to age 75, shorter financial planning
horizons, and lower degrees of conscientiousness (more impulsiveness). Collectively, these channels
account for at most a quarter of the relationship between the CPD score and health, and 25-45
percent of the relationship between the initiation score and health among never smokers.

Our focus on genetic endowments for smoking rather than other risky behaviors is motivated
in part by data availability. We want to understand whether genetic markers associated with risky
health behaviors explain variation in health and whether these markers influence health through
channels other than that particular behavior. As such, we need detailed information about one’s

engagement in the risky behavior as well as that of their parents and spouse. The HRS includes rich

'These results are consistent with those of Otten and Mandemakers (2023), which finds significant associations
between spousal genetic endowments and own BMI, smoking, and drinking.



data on smoking that meets these requirements. While polygenic scores for other health behaviors
like alcohol use and physical activity exist, these behaviors are not measured as comprehensively in
the HRS and are likely more difficult to recall. Furthermore, several of the genetic variants linked to
smoking relate to specific biological systems, which provides a lens through which to interpret our
results. For example, variants near dopamine receptors strongly correlate with smoking intensity,
and variants associated with ever smoking relate to systems that affect reward-based learning and
addiction (Liu et al. 2019). Thus, the smoking polygenic scores reflect, in part, biological factors
linked to addiction, which may be important for health even conditional on smoking behavior.
However, the polygenic scores aggregate various traits and biological pathways that associate with
smoking, and should not be interpreted narrowly as a predisposition to addiction.

Our work is tied to several strands of literature. One strand focuses on the role of genes in
explaining variation in health. Twin studies, which compare identical and fraternal twins to calculate
the fraction of the variance in outcomes attributed to genes, find a number of chronic conditions,
such as cardiovascular disease, obesity, diabetes, and arthritis, have a strong genetic component (see
reviews in Polderman et al. 2015, Wehby 2016). A more nascent related literature studies the role
of genes in the intergenerational transmission of health by comparing adoptive parent-child pairs
and biological parent-child pairs (e.g., Thompson 2014, Classen and Thompson 2016) or exploiting
information about adoptees and their biological and adopting parents (e.g., Bjorkegren et al. 2022).
These studies find genetic transmission accounts for an important share of the intergenerational
correlation in health (e.g., asthma, diabetes, obesity, hospitalizations, mortality). Twin studies and
adoptee-based designs tell us how much genes matter collectively for a given health outcome or for
health transmission, but not the specific genes or genetic pathways.? As a result, our knowledge
of the channels through which genes influence health is limited. We demonstrate that genetic
endowments for smoking, a policy-relevant and not uncommon risky behavior, predict health even
after accounting for smoking behavior. Our results are consistent with individuals with a higher
genetic propensity to smoke being less likely to engage in health-promoting behaviors.

This study also relates to recent literature that shows the polygenic score for educational
attainment (hereafter, the EA score) predicts economic and health outcomes even after accounting
for educational attainment and sheds light on the channels through which the EA score operates
(Belsky et al. 2016, Barth et al. 2020, Papageorge and Thom 2020, Bolyard and Savelyev 2021).

2Linnér and Koellinger (2022) is a recent exception. They investigate how 27 polygenic scores for common
medical conditions and mortality risk, including the CPD and smoking initiation scores, predict differences in
longevity in the HRS. They find several of the polygenic scores, including the CPD score, have a non-negligible
association with mortality. Consistent with our results, the CPD score significantly predicts mortality even after
accounting for observed smoking.



Our paper is similar in that we show a polygenic score predicts outcomes it was not designed to
predict and we explore the mechanisms underlying that relationship, but our focus is distinct in
that we consider smoking polygenic scores and health outcomes.

We also contribute to the economic literature on the genetic risk for smoking, which typically
focuses on the role of gene-environment interactions in smoking behavior (e.g., Boardman et al.
2011, Fletcher 2012, Meyers et al. 2013, Domingue et al. 2016, Schmitz and Conley 2016, Wedow
et al. 2018, Biroli and Zwyssig 2021, Slob and Rietveld 2021, Bierut et al. 2023). Our focus is not on
gene-environment interactions or smoking decisions, but rather understanding whether the smoking
polygenic scores are predictive of health and the channels that mediate the association. By providing
a comprehensive picture of how genetic endowments for smoking function, our analysis may provide
an interpretative framework for the gene-environment interactions found in prior studies.

Our paper also contributes to a large strand of literature that documents differences in the
characteristics of smokers and non-smokers with respect to preferences and subjective beliefs (e.g.,
Barsky et al. 1997, Khwaja et al. 2006, 2007a, Anderson and Mellor 2008, Chabris et al. 2008, Ida
and Goto 2009). These studies generally find smokers are more impatient, risk tolerant, and impul-
sive than non-smokers. Khwaja et al. (2006) find no significant change in these characteristics among
those who change their smoking status, which they interpret as evidence that these characteristics
are innate and not caused by smoking. We contribute to this literature by exploring whether indi-
viduals who are genetically predisposed to smoking initiation and heavy smoking differ along these
margins. Our results imply those with higher genetic risk for smoking expect earlier mortality, have
shorter financial planning horizons, and exhibit more impulsiveness. We therefore provide a possible
genetic microfoundation for some of the documented differences among smokers and non-smokers.

Finally, while our analysis is descriptive in nature, the results have implications for the literature
that estimates causal effects of smoking on health, underscoring the importance of time-invariant
unobserved heterogeneity. For example, Darden (2017) and Darden et al. (2018) uncover strong ev-
idence of unobserved heterogeneity—individuals who are more likely to smoke are also at increased
risk of poor chronic health and more likely to die independently of smoking. The sources of unob-
served heterogeneity are not modeled, though the authors speculate genetics or differences in the
likelihood of engaging in correlated risks may be at play. Our results shed light on the black box of
unobserved heterogeneity, highlighting a non-trivial role for genetic endowments, and our findings
are consistent with a genetic underpinning for engagement in risky and health-degrading behaviors.
Our findings also have implications for interpreting instrumental variable estimates of smoking on
health. In particular, if compliers systematically differ in their genetic endowments for smoking, sub-

stantial treatment effect heterogeneity is likely, limiting the generalizability of the local average treat-



ment effect of smoking on health. In addition, our results underscore that the smoking polygenic
scores should not be used as instruments for smoking as the exclusion restriction will be violated.?

The rest of the paper is organized as follows. Section 2 provides a brief overview of polygenic
scores, including the ones used in our analyses. Section 3 describes the Health and Retirement
Study data and sample construction. Section 4 describes the empirical analysis. Section 5 presents
the estimates of the relationship between health outcomes and smoking polygenic scores, and
Section 6 explores channels that may mediate the observed relationship. Section 7 presents the

results of robustness exercises. Section 8 provides some final thoughts.

2 Background on Polygenic Scores

Large-sample twin studies reveal that smoking is moderately to highly heritable (Li et al. 2003,
Agrawal and Lynskey 2008), and recent advances in genetics have led to the discovery of particular
genetic markers that predict smoking behavior. We rely on polygenic scores, which aggregate these
genetic markers. We provide a brief overview of polygenic scores here and refer the reader to Ben-
jamin et al. (2011) and Beauchamp et al. (2011) for a detailed discussion of the human genome and
Barth et al. (2020) and Papageorge and Thom (2020) for a detailed discussion of polygenic scores.*
Broadly, a polygenic score is a linear index of genetic markers (or variants) associated with
an observable trait or outcome, such as smoking behavior, educational attainment, body mass
index, blood pressure, etc. A polygenic score is obtained by aggregating millions of individual
genetic variants across the human genome and weighting those variants by the strength of their
association with the outcome of interest. The estimated associations come from genome-wide
association studies (GWAS), where thousands or millions of linear regressions are estimated linking
specific genetic variants called single nucleotide polymorphisms (SNPs) to the outcome of interest.
The polygenic score is a linear combination of the GWAS coefficients and is calculated as follows:
PGS; = i B;SN P, (1)
j=1

where SN P,; is the genotype (i.e., the number of copies of the reference allele-0, 1, or 2) for individ-
ual ¢ at SNP j and [3; is the effect size for SNP j estimated in the GWAS. A higher polygenic score
means an individual possesses more of the genetic variants that associate with the trait or outcome.

That is, a higher score means the individual has a higher genetic risk for that trait or outcome.

We use the polygenic scores constructed and released by the Health and Retirement Study.

3We are not the first to caution against the use of polygenic scores as instruments for specific health conditions
or behaviors. See for example Benjamin et al. (2011), Lehrer and Ding (2017), and Fletcher (2018).

4Benjamin et al. (2011), Beauchamp et al. (2011), Lehrer and Ding (2017), and Fletcher (2018) provide
excellent overviews of the literature that incorporates genetic concepts and data into economic analysis.



The scores include all available SNPs that overlap between the HRS genetic database and the
relevant GWAS, without accounting for linkage disequilibrium (i.e., correlations between nearby
SNPs) or p-value thresholds, as this set of decisions led to the largest predictive power of the
polygenic scores (Ware et al. 2017).

In our analysis, we focus on two polygenic scores related to smoking behavior—one for smoking
initiation (the initiation score) and one for cigarettes per day (the CPD score). The initiation
score measures the genetic endowments linked to whether an individual ever smoked regularly
while the CPD score measures genetic endowments linked to heaviness of smoking. The scores
are based on GWAS meta-analyses results from Liu et al. (2019), which used a discovery sample
of 1.2 million individuals of European ancestry for the initiation score and a subsample of 337,334
current and former smokers for the CPD score.® The discovery sample did not include the HRS,
but the HRS was used to assess out-of-sample predictive power. The out-of-sample prediction
results in Liu et al. (2019) imply that the initiation score explains about 4 percent of the variation
in smoking initiation and the CPD score likewise explains about 4 percent of the variation in
smoking intensity (among current and former smokers) in the HRS. We document the relationship
between the polygenic scores and smoking behavior in our sample in the next section.

Several of the genetic variants implicated in the smoking polygenic scores are linked to biological
systems and functions of note. For example, variants near dopamine receptors are associated
with smoking heaviness but not smoking initiation. Some variants associated with smoking
initiation relate to systems that affect reward-based processing and addiction. Nicotine receptor
and nicotine metabolizing genes are also associated with smoking behaviors (Liu et al. 2019).
Importantly, although the polygenic scores contain variants related to addiction, nicotine response,
and reward-related learning, they should not be interpreted narrowly as a predisposition to nicotine

addiction given they aggregate many biological systems, pathways, and traits.

3 Data
The Health and Retirement Study (HRS) is a longitudinal survey of individuals aged 50 and

over in the United States and their spouses. The survey started in 1992 and followup surveys
are conducted biennially. We use data from 19942016 in our analysis.” The data contain rich

information on an array of topics, such as health, family structure, employment, assets, and

5There are various ways to construct a polygenic score. Sometimes only the variants with the strongest GWAS
associations are included, namely SNPs that are considered genome-wide significant (e.g., p-value < 5 x 107%).
Other times, all SNPs are included regardless of genome-wide significance, like the scores released by the HRS.

6 Although the genetic markers that relate to smoking intensity were discovered on a sample of current and
former smokers, the CPD score can be constructed for all individuals regardless of their smoking history.

"We exclude the 1992 survey wave due to survey question differences.



expectations about future events.

Genetic data was collected during four waves (2006, 2008, 2010, and 2012) from respondents who
consented to provide DNA samples. The HRS has made several polygenic scores publicly available
for the approximately 15,000 individuals who have been genotyped. We use the fourth release of
the HRS’s polygenic score data. Most polygenic scores are for diseases and clinical outcomes, such
as Alzheimer’s disease, high blood pressure, and body mass index. More recently, due in part
to the increased availability of genetic data, polygenic scores linked to behavioral traits, such as
smoking, have been calculated from GWAS and released by the HRS. As discussed above, we focus
on two polygenic scores linked to smoking—one for smoking initiation (initiation score) and one
for cigarettes smoked per day (CPD score). The HRS normalizes the scores to have mean zero and
a standard deviation equal to one within ancestry groups (i.e., European and African). A higher

score implies more genetic risk for the corresponding trait (e.g., to ever smoke or smoke heavily).

3.1 Sample Construction

Our sample includes HRS respondents aged 50-65 who have been genotyped. We focus on this age
group to minimize survival bias concerns and avoid capturing potential impacts of retirement on
health.® The HRS provides polygenic scores for about 12,000 respondents with European ancestry
and 3,000 respondents with African ancestry. The scores we use were discovered based on the
GWAS of individuals with European ancestry, and scores based on such GWAS tend to lack
predictive power when applied to other ethnic groups. We follow the convention in this literature
(e.g., Barth et al. 2020, Papageorge and Thom 2020) and limit our sample to respondents classified

as genetic Europeans and who self-identify as white.

3.2 Health Outcomes

The HRS provides rich information on various health outcomes. We consider both self-reported
measures of physical health as well as doctor-diagnosed health conditions.

Respondents are asked to rate their general health on a 1-5 scale, where 1 is excellent, 2 is
very good, 3 is good, 4 is fair, and 5 is poor. We create a “bad” self-reported health indicator that
takes on a value of one if the individual reports their health as fair or poor, and zero otherwise.
We create an indicator for whether an individual reports any overnight hospital stay in the last
two years. We consider an individual’s body mass index (BMI) based on self-reports of weight

and height as well as an indicator for being obese (i.e., BMI greater than or equal to 30 kg/m?).

8See for example Coe and Zamarro (2011), Behncke (2012), Insler (2014), Eibich (2015), Godard (2016),
Mazzonna and Peracchi (2017), Gorry et al. (2018), Shai (2018). Later, we verify the robustness of our results
to only including those aged 50-61, i.e., below the early Social Security retirement age.



We also create several indicators based on whether an individual reports that they have ever
been diagnosed with certain conditions by a doctor, including high blood pressure; diabetes; cancer;
chronic lung disease (e.g., chronic bronchitis, emphysema); heart problems (e.g., heart attacks
coronary heart disease, angina, congestive heart failure); stroke; and arthritis. We construct an
indicator for having difficulties with activities of daily living (ADLs) as well as an indicator for
having difficulties with instrumental activities of daily living (IADLs). ADLs include walking
across a room, dressing, bathing, eating, getting in and out of bed, and using the toilet. IADLSs
include using the phone, taking medications, managing money, shopping for groceries, preparing
meals, using a map, using a calculator, using a microwave, and using a computer.

We construct a summary standardized index of these health measures in the spirit of Kling
et al. (2007), Hoynes et al. (2016), and Biitikofer et al. (2021). To calculate this index, we create
the z-score for each individual health measure and then take the average of the z-scores. The
z-score is created by subtracting the mean and dividing by the standard deviation. Aggregating
the measures in this way improves statistical power, limits the number of statistical tests, and
allows us to draw general conclusions about health and genetic endowments for smoking. We
create the index using all the health measures described above (except the obesity indicator as
BMI is already included). As all the components of the index are associated with poor health, an
increase in the index suggests a deterioration in health. In our analysis, we largely focus on this
summary standardized index of health, but we also examine each health outcome separately to

understand whether observed changes in the summary index are driven by particular components.”

3.3 Own Smoking Behavior

To examine whether the smoking polygenic scores are associated with health even after accounting
for smoking behavior, we control for an individual’s current and past smoking behavior as flexibly
as possible. We make use of a wealth of smoking data available in the HRS described below.
We create an indicator for current smoking that equals one if the individual reports that they
currently smoke, and zero otherwise. Similarly, we create an indicator variable for ever smoking
that equals one for individuals who currently smoke or ever smoked in their lifetime. Among those
who currently smoke, the HRS asks about the average number of cigarettes smoked per day. We
set this variable to zero for those who do not currently smoke. For those who ever smoked but
are not current smokers, we have information on the maximum number of cigarettes smoked per
day when they were smokers. We use information on the age when ever smokers started smoking

and quit smoking (if they have quit). We also create an indicator for teenage smoking that equals

9We also show our baseline results are robust when we consider a summary standardized index based only
on the seven doctor-diagnosed conditions.



one if the individual reports they regularly smoked cigarettes when they were in grade school or
high school, and zero otherwise. When data on smoking variables are missing, we set the value

to zero and include an indicator for missing values of that variable.

3.4 Parental Smoking, Risky Behaviors, and Mortality

In some analyses, we control for parental behaviors during the respondent’s childhood as well as
parental mortality. The survey includes information about whether neither parent smoked, one
of them smoked, or both smoked during the respondent’s childhood. We create indicators for each
potential response. We also construct an indicator for whether either parent drank or used drugs
so often that it caused family problems during the respondent’s childhood. We construct various
measures of parental mortality. For a small subset of our sample, we can create an indicator for
whether a parent died before the individual turned age 16.1° The HRS also contains information
on whether parents are alive as of the current survey wave, and if not, the parent’s age when
they passed away. Using this information, we create a categorical variable for the respondent’s
mother’s mortality status: alive, died before age 65, and died after age 65 as well as analogous
measures for the respondent’s father. When data on any of these variables are missing, we set

the value to zero and include an indicator for missing values of that variable.

3.5 Descriptives

Summary statistics for our sample are provided in Table 1. In our analyses, we estimate models
on the full sample and separately for ever and never smokers. Thus, we present statistics for the
full sample and by whether an individual has ever smoked. Average age in the sample, regardless
of ever smoking status, is 58. About half the ever smoker sample is male compared to a third
of the never smoker group.

Among current smokers, the average number of cigarettes smoked per day is almost 18, and
among those who do not currently smoke but have smoked in the past, their smoking peaked, on
average, at 22 cigarettes per day. On average, ever smokers began smoking between ages 17-18,
and among those who have quit, the average age of quitting is 37. Almost 40 percent of ever
smokers smoked during their teenage years.

As expected, the health of the never smokers is better than that of the ever smokers along
several dimensions, and the differences in health are statistically significant in almost all cases.
Consistent with smoking being one of the leading causes of coronary and pulmonary diseases in
the US (US Department of Health and Human Services 2020), the proportion of individuals with

10Parental mortality before the respondent reached age 16 was only collected in recent years via life history
mail surveys that are distributed to a subsample of respondents and have far less than 100 percent response rates.
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diagnosed lung disease and heart problems is higher in the ever smoker sample. In addition, the
ever smokers are more likely to report that their parents smoked and that one or both parents
drank or used drugs so often it caused problems during their childhood.

Only HRS respondents who consented to provide genetic data are included in our sample.
In Appendix Table A1, we provide summary statistics from 1994-2016 for non-genotyped HRS
respondents aged 50-65 of European descent who identify as white. On average, the genotyped
sample has more females and is healthier. If anything, the genotyped sample is positively selected
on health, which will bias any negative association between health and the polygenic scores
associated with smoking toward zero.

In Figure 1, we show the smoothed densities of the smoking polygenic scores for individuals
in our sample. Figure 2 (a) shows the non-parametric (lowess) relationship between the initiation
score and the probability of ever smoking, and Figure 2 (b) shows the relationship between the
CPD score and average cigarettes smoked per day among current smokers.'! In both cases, the
relationship is positive and approximately linear. For former smokers, we have information on
the maximum number of cigarettes smoked per day when they smoked. Figure 2 (c) plots this
measure of peak smoking among former smokers against their CPD score. We observe a positive
relationship, which is particularly strong among those with relatively high scores.

We also quantify the relationship between the smoking polygenic scores and smoking behavior
in our sample. Appendix Table A2 presents estimates from regressions of the maximum number
of cigarettes smoked per day among ever smokers (columns 1-3) or an indicator for whether an
individual ever smoked (columns 4-6) on the CPD score only, the initiation score only, and both
scores.'? Unsurprisingly, the CPD score explains more of the variation in smoking intensity than
the initiation score, with an incremental R? of 0.015 compared to 0.004 for the initiation score.
A one standard deviation increase in the CPD score increases the number of cigarettes smoked by
2, while a one standard deviation increase in the initiation score is associated with a 1 cigarette
increase. Similarly, the initiation score explains more of the variation in the probability of ever
smoking compared to the CPD score, with an incremental R? of 0.031 compared to 0.003 for
the CPD score. A one standard deviation increase in the CPD score is associated with a 1.6-2.7
percentage point increase in the probability of ever smoking, whereas a one standard deviation
increase in the initiation score is associated with about a 9 percentage point increase. In sum,

the polygenic scores predict their respective smoking outcomes in our sample.

HFor each respondent, we calculate their average reported number of cigarettes smoked per day across periods
when they report currently smoking and plot that average against their CPD score.
12Tn all specifications we include the standard controls and genetic principal components described in Section 4.
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4 Empirical Analysis

To examine the link between health and genetic endowments for smoking, we estimate the following
model via OLS:

Y, = By+ BiCPDScore; + BolnitiationScore; + 53Xy + €, (2)

where Y}; is the health outcome of individual ¢ at survey wave t, C'PDScore; is the polygenic
score for the number of cigarettes per day, InitiationScore; is the polygenic score for smoking
initiation, and Xj; is a vector of controls.!® Given we observe the same individual potentially many
times, we cluster standard errors at the individual level.

We categorize the variables in X;; into the following groups: standard controls, smoking controls,
and genetic principal components. Following Barth et al. (2020) and Papageorge and Thom (2020),
the standard controls include age dummies, a male dummy, birth year dummies, the interaction of
age dummies and the male dummy, the interaction of birth year dummies and the male dummy;,
and survey year dummies. As we want to understand whether the smoking polygenic scores predict
health outcomes even after accounting for smoking, we control for smoking behavior as flexibly
as possible. We include a dummy for ever smoked status, dummies for each reported number
of cigarettes smoked per day, and dummies for each reported number of maximum cigarettes
smoked per day among former smokers. We additionally include a dummy for current smoking
status, dummies for age started smoking, dummies for age quit smoking, and a dummy for teenage
smoking status. For all of these smoking controls, we include dummies for missing values. Finally,
to account for potential bias that may arise from population stratification and genetic differences
across ethnic groups (even within our sample of individuals with European ancestry who identify
as white), we follow standard practice (e.g., Price et al. 2006, Belsky et al. 2016, Barth et al.
2020) and include the 10 principal components of the full matrix of SNP data as well as their
interactions with the male dummy.

We estimate equation 2 on the full sample of individuals, pooling across ever and never smokers.
We also estimate the model separately by ever smoking status.'* By estimating equation 2 on never
smokers, we directly examine whether the smoking polygenic scores correlate with health through
avenues other than own smoking. Thus, any observed relationship between the smoking scores and

health for this sample must be explained by non-smoking channels. In Panels (a) and (b) of Figure 3,

13We have also allowed for an interaction between the initiation and CPD scores. Generally, the point estimate
on the interaction is insignificant and very close to zero and its inclusion leaves the point estimates on the
(non-interacted) initiation and CPD scores largely unchanged. We proceed without the interaction term for ease
of exposition and interpretability of the estimates, but results with the interaction term are available by request.

4Only 4 individuals smoke for the first time during the sample period and hence change ever smoking status.
Results are robust to excluding these individuals.
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we show that distributions of the smoking initiation and CPD scores for ever and never smokers share

common support, alleviating concerns about comparing estimates derived from these samples.'?

5 Main Results

5.1 Health Outcomes and the Smoking Scores

In Table 2, we show results for the summary standardized index of the 12 health measures
described in Section 3.2.!¢ Estimates for the full sample are shown in columns (1)—(3). Column
(1) contains results not including any controls. The estimates imply a one standard deviation
increase in the CPD score increases the health index by 0.042 standard deviations and a one
standard deviation increase in the initiation score increases the health index by 0.026 standard
deviations; both estimates are significant at the 1 percent level. Recalling that an increase in
the index means worse health, the results imply that higher genetic risk for smoking is associated
with worse overall health. In Column (2), we add the standard controls and the 10 principal
components of the genetic data. The coefficient on the initiation score grows in magnitude while
the coefficient on the CPD score barely changes. In Column (3), we add the smoking controls,
and unsurprisingly, the coefficients on the CPD and initiation scores attenuate. In this case, a
one standard deviation increase in the CPD (initiation) score increases the health index by 0.035
(0.021) standard deviations. Thus, even when we flexibly control for current and past smoking
behavior, higher genetic risk for smoking is significantly associated with worse health.

Columns (4)—(6) present results for the ever smoker sample. After including the standard
controls, principal components, and smoking controls, we find a one standard deviation increase in
the CPD score is correlated with a statistically significant 0.037 standard deviation increase in the
summary index. A one standard deviation increase in the initiation score increases the health index
by 0.011 standard deviations, but the estimate is not statistically significant. We present results for
the never smoker sample in columns (7) and (8), a group for which there is no smoking behavior to
control for. For this group, a one standard deviation increase in either the CPD score or initiation
score is associated with a statistically significant 0.030 standard deviation increase in the health

index.!” We cannot reject equality of the CPD score coefficients across the ever and never smoker

15However, the p-values from Kolmogorov-Smirnov tests reject equality of the distributions by smoking status at
the 5 percent level. This is unsurprising, particularly for the initiation score given it predicts ever smoking status.

16The outcomes include indicator variables for “bad” self-reported health status, having a hospital stay in the
past two years, having doctor-diagnosed high blood pressure, diabetes, cancer, lung disease, heart problems, stroke,
arthritis, having difficulties with ADLs, having difficulties with TADLSs as well as BMI measured continuously.

1"Tn Appendix Table A3, we present results for a summary standardized index that aggregates just the seven doctor-
diagnosed conditions (high blood pressure, diabetes, cancer, lung disease, heart problems, stroke, and arthritis). The
estimates are qualitatively similar to those using the summary index that includes the broader set of health measures.
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samples, while we reject equality of the initiation score coefficients at the 5 percent level.

In Table 3, we present estimates for the individual health measures that appear in the summary
standardized index for the full sample (Panel A), ever smokers (Panel B), and never smokers
(Panel C). All models include the standard controls, genetic principal components, and the controls
for smoking behavior (except in Panel C where there is no smoking behavior to account for).
For most of the measures, a higher genetic risk for smoking, particularly smoking intensity, is
associated with worse health in the full sample. We find some differences in these relationships
among the ever and never smokers, though in most cases, we cannot reject equality of the CPD
score coefficients or initiation score coefficients across the two groups.’® For example, the smoking
initiation score has a stronger relationship with health outcomes among the never smokers, and
the CPD score correlates significantly with more health outcomes among the ever smokers. We
explore these patterns in detail later.'® Notably, we observe qualitatively similar and precisely
estimated point estimates on the CPD score across the ever and never smoker samples for the
following outcomes: self-reported “bad health,” diabetes diagnosis, arthritis diagnosis, BMI, and
obesity. Diabetes and obesity are influenced by health behaviors such as diet and exercise, and
being overweight is a common cause of arthritis. One interpretation of these results is that genetic
endowments for smoking correlate with behaviors that are health degrading besides smoking.

Overall, the results in Tables 2 and 3 imply higher genetic risk for smoking is associated with
worse health even after flexibly controlling for smoking behaviors. This finding is robust across ever
and never smokers. The fact that these associations are present and precisely estimated for never
smokers is particularly compelling as there are no own smoking channels through which the scores
can operate, suggesting non-smoking mechanisms are at play. Furthermore, if there is concern that
the relationships between the scores and health in the full and ever smoker samples simply reflect
smoking behavior that is not well-captured in our smoking controls, the fact that we find robust
and meaningful associations in the ever and never smoker samples should alleviate that concern.

The most notable difference in the results across the ever and never smoker samples is the point
estimate on the initiation score. In the specification with the most rigorous set of controls, we find
a positive but not precisely estimated relationship between the initiation score and the summary
health index among ever smokers but a larger and precisely estimated relationship among never
smokers. Earlier, we showed the initiation score distribution is, unsurprisingly, shifted left for

never smokers compared to ever smokers. If the association between the initiation score and health

BWe reject equality of the CPD score coefficients for the following outcomes: recent hospital stay, diagnosed lung
disease, and BMI. We reject equality of the initiation score coefficients for recent hospital stay, BMI, and obesity.

YThese results are in line with those in Linnér and Koellinger (2022), which finds larger associations between
the CPD score and mortality among ever smokers relative to never smokers.
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is non-linear and the samples represent different parts of the distribution, this could explain the
difference in the point estimates. Appendix Figure A1 shows lowess plots of the smoking polygenic
scores and the summary health index. For most of the range of support, the relationship between
the polygenic scores and the health index appears approximately linear, but in the tails of the
polygenic score distributions, there is some evidence of non-linearities and interactions between
the scores and smoking status. We therefore examine the relationship between terciles of the
polygenic score distributions and health.

The results for the summary standardized index and the individual health measures are
presented in Tables 4 and 5, respectively, for the full sample, ever smokers, and never smokers. For
brevity, we focus on the summary health index. The indicators for being in the second tercile are
normalized. The estimates reveal some interesting patterns. In the full sample, those in the first ter-
cile of the CPD score distribution experience a 0.034 standard deviation decrease (i.e., improvement)
in the summary health index relative to those in the middle of the distribution, and this improve-
ment is amplified for never smokers. In the full sample, those in the third tercile of the CPD score
distribution experience a 0.046 standard deviation increase (i.e., deterioration) in the health index
relative to those in the second tercile. In this case, the relationship is larger in magnitude for ever
smokers. A similar but even more striking pattern is apparent for the initiation score. Ever smokers
in the first tercile of the initiation score see no significant difference in health relative to those in
the second tercile, whereas the third tercile is associated with worse health, but the association is
not significant once smoking controls are included. Never smokers with initiation scores in the first
tercile experience significantly better health relative to those in the middle tercile, but the third
tercile does not significantly correlate with health. We are only able to reject equality of coefficients
across the ever and never smoker samples for the first tercile of the initiation score (p < 0.05).

Taken together, there is suggestive evidence of non-linearities in the health-smoking genes
relationship.?’ Moreover, the difference in the baseline point estimates on the initiation score for ever
and never smokers is driven by those with low initiation scores. In particular, the genetic factors

associated with a low initiation score combined with never smoking seem to be protective of health.

5.2 Parental Smoking, Risky Behaviors, and Mortality

One potential explanation for the relationship between health outcomes and the smoking polygenic
scores is parental smoking, risky behaviors, and health and mortality. As one inherits their genes,

an individual’s genetic risk for smoking is correlated with their parents’ genetic risk. Parental

2 However, we cannot reject symmetry of the associations along the distribution of each score within each
sample. For example, we cannot reject that the coefficient on being in the first tercile of the CPD score equals
minus the coefficient of being in the third tercile.
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genetic predisposition toward smoking could impact their child’s health in at least four ways.
First, it could impact the child’s health directly through smoking and secondhand smoke exposure.
Second, parents with higher smoking polygenic scores may have been in worse health during the
respondent’s childhood due to smoking and/or the influence of the smoking genes that operates
outside of smoking, which may have led to a disadvantaged childhood. Third, if the smoking
polygenic scores are correlated with poor or risky health behaviors more broadly, children may
have learned those behaviors from their parents. Fourth, if parents with a genetic predisposition for
smoking experience worse health or die at an earlier age and individuals view their parents’ health as
foreshadowing their own health, they may adjust their own health-related behaviors in response.?!

Table 6 presents the estimated relationship between the summary standardized index of health
and the smoking polygenic scores after controlling for parental smoking, parental risky behaviors,
and parental mortality during the respondent’s childhood as well as parental mortality as of the
current survey wave. We do not have parental genetic information, and hence cannot directly
explore the role of parents’ genetic endowments for smoking. We again present results for the full
sample and separately by ever smoker status. Across the samples, there is a modest decline in the
magnitude of the associations between the summary index of health and the smoking polygenic
scores after including the parental variables, but they are still statistically significant (except the
initiation score among ever smokers). We still find a non-trivial and robust association between
the CPD score and health, and the correlation between the initiation score and health, like in
the baseline results, is largely driven by the never smoker sample.

For clarity and ease of comparison, in Appendix Figure A2, we present the estimates for the
individual health measures for the full sample, ever smokers, and never smokers, controlling for
the parental measures described above. The inclusion of parental controls does not meaningfully
change the estimated relationships between the smoking polygenic scores and the individual
health measures. Taken together, the results thus far suggest the relationship between genetic
endowments for smoking and health largely operates through channels other than own smoking

and parental behaviors and mortality.

5.3 Spousal Genetic Smoking Endowments and Smoking Behavior

Another potential avenue through which the smoking polygenic scores may relate to own health is
spousal smoking and spousal genetic endowments for smoking. It is well-documented that health
outcomes and health behaviors are correlated between spouses, and smokers are more likely to

marry smokers (Clark and Etilé 2006, Oreffice and Quintana-Domeque 2010, Chiappori et al.

Darden and Gilleskie (2016) find limited evidence that offspring smoking is sensitive to parental health. One
exception is women decrease their smoking following a parent’s smoking-related cardiovascular event.
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2012, 2018). Thus, an individual’s own smoking behavior may be correlated with that of their
spouse. Less clear is whether genetic risk for smoking is correlated among spouses.

Following Charles et al. (2013) and Barth et al. (2020), in Appendix Table A4 we consider
married couples where both members provided genetic data and are aged 50-65 and categorize them
into quartiles based on their CPD score (Panel A) and their initiation score (Panel B). We calculate
the fraction of men in each quartile within a given female quartile. The diagonals of these matrices
would be 100 percent and off-diagonal elements would be 0 percent with perfect assortative mating,
while random assignment would imply 25 percent in each cell. For the CPD score, while we reject
the random assignment null hypothesis (i.e., all cell entries equal to 25 percent) at the 10 percent
level, the extent of assortative mating is small, with cell entries ranging from 21-30 percent. For
the initiation score, we cannot reject the random assignment null hypothesis, and cell entries range
from 22-28 percent. Furthermore, the within-couple correlation of the CPD scores is 0.03 as is the
correlation of the initiation scores, while the correlation of ever smoking status is 0.24. Thus, we
find little evidence of assortative mating on genetic endowments related to smoking, but smokers are
more likely to marry smokers. These patterns are similar to those in Otten and Mandemakers (2023),
which investigates social-genetic effects among married and cohabiting couples using the HRS.

We next estimate the relationship between the summary standardized index of health and
own smoking polygenic scores after controlling for spousal smoking behaviors and spousal smoking
polygenic scores.?? We first add spousal smoking controls only, then spousal smoking polygenic
scores only, and then both sets of spousal measures. The sample size decreases as we only include
married individuals where both members were genotyped and aged 50-65. The results are presented
in Table 7 for the full sample, ever smokers, and never smokers. The addition of spousal controls
decreases the point estimate on the CPD score by at most 14 percent, and it is still statistically
significant. For ever smokers, the point estimate on the initiation score is not statistically significant,
and for never smokers, the association between the initiation score and health declines by about 17
percent and remains statistically significant. The decline in the size of the association between the
polygenic scores and health is mostly driven by the inclusion of the spousal smoking variables, not
the spousal polygenic scores. This is not surprising given we found little evidence of assortative
mating on smoking-related genes. Interestingly, we find a robust and significant relationship
between the spouse’s CPD score and own health. A one standard deviation increase in the spouse’s
CPD score generates a 0.02 standard deviation increase in the health index. Thus, spousal genetic

risk for smoking generates negative spillovers for own health.?? To further explore this idea, we focus

22We control for spousal smoking identically to how we control for own smoking as described in Section 3.3.
23In Appendix Figure A3, we present results for the individual health measures controlling for spousal polygenic
smoking scores and spousal smoking behavior. We again find modest declines in the associations between own
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on couples where neither person has ever smoked, eliminating any own or spousal smoking influences.
The results are presented in Appendix Table A5. Focusing on the summary standardized index of
health in column (1), the association between own genetic risk for smoking and health attenuates
somewhat, but we still find a significant association between a spouse’s CPD score and own health.
These results are consistent with smoking polygenic scores reflecting a propensity to engage in health-
degrading behaviors more generally besides smoking, as a lack of health-promoting behaviors by a
spouse could adversely affect one’s own health. More broadly, these findings add to a growing body
of evidence on social-genetic effects among genetically-unrelated groups (e.g., Domingue and Belsky
2017, Sotoudeh et al. 2019, Brunello et al. 2020, Jeong 2023, Otten and Mandemakers 2023).%4
Overall, spousal smoking behavior plays a small mediating role in the relationship between own
smoking genes and health. Spousal genetic endowments for smoking have a direct correlation with
own health, but do not explain the association between own genetic endowments for smoking and
own health. Even after including these spousal controls, we are left with a robust and meaningful
association between the smoking polygenic scores and own health. This conclusion also holds when
including both the parental and spousal variables. Appendix Table A6 shows that the association
between the CPD score and the health index decreases by less than 20 percent across all samples,
and in the case of never smokers, the association between the initiation score and the health index

declines by 38 percent when parental and spousal controls are added.

6 Additional Mechanisms

In Section 5, we found higher genetic risk for smoking associates with worse health even after
flexibly controlling for respondent’s own smoking behaviors. Parental smoking, parental risky
behaviors, parental mortality, and spousal smoking behavior play a role, but do not fully explain
the estimated relationship. In this section, we investigate other potential non-smoking channels
through which the smoking polygenic scores may operate including risk preferences, longevity
expectations, planning horizons, and impulsivity. Prior studies suggest smokers and non-smokers
differ along these margins; we explore whether those with a higher genetic predisposition for

smoking differ along these characteristics.?>

smoking polygenic scores and health, as well as adverse spillovers of the spouse’s CPD score on some health measures.

24Tn particular, Otten and Mandemakers (2023) find that a partner’s CPD score is positively associated with
own smoking (controlling for own CPD score). More generally, they find individuals have higher BMI, drink more,
and smoke more if their partners have higher polygenic scores for those particular behaviors and outcomes.

25For the results presented in this section, we use the estimation sample for the summary standardized index
of health (i.e., those with non-missing variables for all of the individual health measures that compose the index).
Results are robust if we instead use a larger sample consisting of anyone who has a non-missing value for any
individual health measure we consider.

18



6.1 Risk Preferences

Risk aversion is negatively and significantly associated with smoking, heavy drinking, and being
overweight or obese (e.g., Barsky et al. 1997, Khwaja et al. 2006, Anderson and Mellor 2008, Ida
and Goto 2009, Sutter et al. 2013). If individuals with higher genetic risk for smoking tend to
be less risk averse (i.e., more risk prone), they may engage in fewer health-promoting behaviors
and more risky behaviors (besides smoking), which adversely impact health. We explore whether
there is a relationship between risk preferences and the smoking polygenic scores.

From 1998-2008, the HRS elicited information on risk tolerance based on hypothetical income
gambles. Individuals make a choice between a guaranteed stream of income and a 50-50 gamble
that doubles that amount of income or cuts it by various amounts (10, 20, 33, 50, and 75 percent).
The questions are asked such that they separate individuals into six distinct risk aversion (RA)
categories ordered from least (category 1) to most (category 6) risk averse.?6 We create an indicator
variable equal to one if the individual always makes the most risk averse decision in the gambles
(i.e., RA category 6) as well as separate indicators for an RA category greater than or equal to
5, 4, 3, or 2. For example, those with an RA category greater than or equal to 4 compose the
most, second most, and third most risk averse individuals.

We use other risk-related questions available in the 2014 and 2016 survey waves. The HRS
asks “Are you generally a person who tries to avoid taking risks or one who is fully prepared to
take risks?” Respondents answer on a 0-10 scale, where 0 means not willing to take any risks
and 10 means fully willing to take risks. We create an indicator variable for whether respondents
are generally not willing to take risk, corresponding to a response of 0 or 1 on the 0-10 scale, as
well as an indicator variable for being very willing to take risk, corresponding to a response of
9 or 10. We also consider the 0-10 score itself as an outcome.?”

Table 8 presents the estimated relationship between various measures of risk aversion and the
smoking polygenic scores. Panels A, B, and C show the results for the full, ever smoker, and never
smoker samples, respectively. Generally, we find little to no evidence that genetic risk for smoking

correlates significantly with risk preferences. One exception is that the CPD score is associated

26The least risk averse category corresponds to those who would take a job with even chances of doubling
their income or cutting it by 75 percent, while the most risk averse category corresponds to always choosing
the guaranteed stream of income. Risk categories 2, 3, 4, and 5 consist of those who would take a job with even
chances of doubling income or cutting it by 50 percent, a third, 20 percent, and 10 percent, respectively.

#"The HRS also asks “How willing are you to take risks [while driving/in financial matters/during leisure and
sport/in your occupation/with your health|?” These questions were asked only in the 2014 and 2016 waves via
a leave-behind questionnaire that participants complete and return by mail; thus, the number of individuals with
non-missing information is relatively small. We find no significant correlation between the smoking polygenic
scores and these measures of risk aversion. Results are available by request.
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with a higher likelihood of exhibiting the highest degree of risk aversion based on the income
gambles, especially for never smokers. If anything, this result runs counter to the hypothesis that
the relationship between genetic endowments for smoking and health is explained by less risk
aversion among those with higher polygenic smoking scores. Overall, the results do not reveal a
systematic relationship between risk preferences and the polygenic scores; thus, risk tolerance does

not appear to explain the estimated relationship between the smoking polygenic scores and health.

6.2 Longevity Expectations

Longevity expectations are another channel that may explain the correlation between the smoking
polygenic scores and health. An increase in expected longevity should increase the incentive to
invest in health, a mechanism referred to as the “Mickey Mantle effect” (Fang et al. 2007). As
explained in Fang et al. (2007), if one expects to live longer, there is more incentive to lead a
healthier lifestyle to improve quality of life in old age.?® A priori, it is unclear how genetic risk for
smoking correlates with longevity expectations, though the literature has documented systematic
differences in such beliefs by smoking status (e.g., Khwaja et al. 2007b, Wang 2014, Bissonnette
et al. 2017). For example, Khwaja et al. (2007b) use the HRS and find smokers’ longevity
expectations are relatively optimistic (compared to objectively estimated probabilities) while never
smokers are relatively pessimistic.? We explore whether the genetic risk for smoking correlates
with longevity expectations (though not the accuracy of those beliefs). Given the “Mickey Mantle
effect” above, those who expect to live longer may make larger investments in health and engage
in more health-promoting activities, which would lead to better health outcomes.

In each survey wave, the HRS asks respondents younger than 65 about the probability of living
to age 75, with answers on a 0-100 scale. We examine how these responses correlate with the
genetic endowments for smoking. Results for the full sample, ever smokers, and never smokers are
presented in Table 9. We find a one standard deviation increase in the CPD score decreases the
self-reported probability of living to age 75 by about 1-1.7 percentage points and the estimates
are significant at the 1 percent level. The magnitude of the decline is larger in the ever smoker
sample. We do not find a statistically significant relationship between the initiation score and

the self-reported probability of living to age 75 in any of the samples.

2n a similar vein, Picone et al. (2004) find individuals who expect to live longer are more likely to undergo
screenings for early detection of breast and cervical cancer.

29Wang (2014) finds important differences when comparing adult smokers’ own subjective longevity expectations
to objective ones estimated using a rational expectations framework. In particular, they attach less weight to their
health conditions and smoking choices and more weight to factors like age, race, and parents’ longevity. Bissonnette
et al. (2017) find at the median, smokers and non-smokers in the HRS correctly perceive their remaining life
expectancy, but the distributions have heavy tails, such that on average, smokers are too optimistic.
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Since we find evidence of a correlation between longevity expectations and genetic risk for
smoking, we reestimate the health specifications including the respondent’s self-reported prob-
ability of living to age 75. The results are presented in Table 10. An increase in the self-reported
probability of living to age 75 is associated with an improvement in the summary health index,
consistent with the “Mickey Mantle effect.” Furthermore, the inclusion of longevity expectations
decreases the magnitude of the point estimate on the CPD score by 13-21 percent and leaves
the initiation score point estimate largely unchanged. Thus, the negative association between
longevity expectations and the CPD score explains part of the estimated relationship between
the CPD score and health. However, there still remains a non-trivial, positive, and significant

link between both smoking scores and health after accounting for longevity expectations.

6.3 Planning Horizons

Another mechanism through which the smoking polygenic scores may operate is time preferences.
Those with higher discount rates (i.e., more impatient, less future-oriented) derive less value from
future health and are less likely to invest in their health and more likely to engage in risky behav-
iors.®® Indeed, some studies find a significant association between higher rates of time preference
and smoking (e.g., Khwaja et al. 2006, 2007b, Scharff and Viscusi 2011).3! Using data from the
Survey on Smoking, Khwaja et al. (2007b) find subjective rates of time discounting obtained
via committed choice scenarios do not differ by smoking status, but more general measures of
self-control, impulsivity, and financial planning do. In particular, those who are more impulsive
and plan less for the future are more likely to smoke. They conclude that smoking may be a
marker for problems of self-control.

We explore whether and how the smoking polygenic scores associate with financial planning
horizons, noting that these horizons likely capture a combination of present (versus future) ori-
entation, planning abilities, and/or more general aspects of self-control. We consider personality
measures related to conscientiousness in the next subsection.

The HRS asks individuals “In planning your (family’s) saving and spending, which of the
following time periods is most important to you (and your husband/and your wife/and your
partner), the next few months, the next year, the next few years, the next 5-10 years, or longer
than 10 years?” Similar to Barth et al. (2020), we construct indicator variables that equal one

if the respondent’s financial planning horizon is longer than next year, next few years, next 5-10

30For example, Picone et al. (2004) find those with lower time preference, as measured by financial planning
horizons, are more likely to undergo cancer screening.

31Scharff and Viscusi (2011) examine workers’ fatality risk-wage decisions and find smokers have significantly
higher rates of time preference than non-smokers with respect to years of life. Khwaja et al. (2006) find smokers in
the HRS are more impatient than non-smokers, measured indirectly in terms of their financial planning horizons.
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years, or longer than 10 years, respectively, and zero otherwise.?

Table 11 presents the estimated relationship between planning horizons and the smoking
polygenic scores for the full sample (Panel A), ever smokers (Panel B), and never smokers (Panel C).
In the full sample, a one standard deviation increase in either the CPD score or the initiation score
is significantly associated with about a 0.8 percentage point decrease in the probability of reporting
planning horizons greater than one year or the next few years. The point estimates in the ever and
never smoker samples are similar to those in the full sample but generally not statistically significant.
The exception is a higher CPD score is associated with a significant decline in the probability of
ever smokers having a planning horizon longer than one year. Thus, there is evidence that a higher
genetic risk for smoking correlates with shorter planning horizons. We reestimate our baseline
health specifications including mutually exclusive indicator variables for reported financial planning
horizon. Results are presented in Table 12. Longer financial planning horizons are associated with
better health (i.e., a lower summary health index), but the inclusion of these horizons decreases
the magnitude of the CPD and initiation score coefficients only slightly. Thus, planning horizons

play a very small role in explaining the link between the smoking polygenic scores and health.

6.4 Impulsivity and Conscientiousness

The final channels we explore are impulsivity and conscientiousness. Khwaja et al. (2007a) find cur-
rent and former smokers are significantly more impulsive than never smokers based on an index that
measures ability to set goals and exercise self-control from the Survey on Smoking.®* Studies find con-
scientiousness, one of the “big five” personality traits, is a good proxy for self-control (Ameriks et al.
2007) and is negatively correlated with smoking (e.g., Terracciano and Costa Jr 2004, Malouff et al.
2006). Conscientiousness is also positively correlated with a range of health-promoting behaviors like
seeking preventative care and healthy eating (see reviews by Bogg and Roberts 2004, 2013). If the
genetic endowments for smoking reflect impulsiveness and conscientiousness, these characteristics
may be important mediators of the relationship between the smoking polygenic scores and health.

In various waves, the HRS ask questions related to personality traits to subsets of the sample
via leave-behind questionnaires that respondents mail back to the HRS. We construct a variety of
measures based on these questions. From 2010-2016, 31 items assessed the “big five” personality
traits of neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness.

Respondents indicated how well various adjectives described them on a scale of 1 (a lot) to 4 (not

32The financial planning horizon question is not asked in all waves nor to all respondents. Khwaja et al. (2006)
describe the availability of this information across the survey waves.

33The index is based on the degree to which individuals agree with statements like “I make hasty decisions,”
“I do not control my temper,” and “I act on impulse.”
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at all). We focus on conscientiousness, which is based on the following adjectives: organized, respon-
sible, hardworking, careless, thorough, reckless, self-disciplined, impulsive, cautious, and thrifty.3*
Scales of the original adjectives are reversed so that 1 corresponds to not at all and 4 corresponds to
a lot except for the careless, reckless, and impulsive adjectives. We then average the scores across
the conscientiousness adjectives, and we refer to this measure as the big five conscientiousness score.
The score ranges from 1-4, with a higher score indicating a higher degree of conscientiousness. We
also create a score based on items the HRS included in 2010 and 2012 from the Multidimensional
Personality Questionnaire (hereafter, the MP(Q conscientiousness score) as well as a score based
on an inventory developed in Roberts et al. (2005) (hereafter, RCSG conscientiousness score) that
reflects six facets of conscientiousness (self-control, traditionalism, responsibility, industriousness,
order, and virtue) included in the HRS in 2008 and 2010. Both the MP(Q and RCSG conscien-
tiousness scores range from 1-6 and a higher score indicates a higher degree of conscientiousness.?

In Table 13, we present estimated associations between the smoking polygenic scores and the
various conscientiousness measures. For the full sample (columns 1-3), we find the CPD score
is significantly and negatively correlated with the three measures we consider. That is, a higher
genetic risk for heavy smoking is correlated with a lower degree of conscientiousness (i.e., more
impulsiveness). We also find a negative relationship between the initiation score and the consci-
entiousness scores, though the point estimates are smaller and somewhat less precisely estimated.
When we turn to the ever and never smoker samples, the picture is more complex. We always esti-
mate a negative correlation between the polygenic scores and the conscientiousness measures, but
the point estimates tend to be larger and more precisely estimated in the never smoker sample.3¢

Given the negative correlation between the smoking polygenic scores and the conscientiousness
scores, we reestimate our health specifications including the conscientiousness measures. Results
are shown in Table 14. Notably, conscientiousness has a large and statistically significant
negative correlation with the summary standardized index of health. A one unit increase
in the conscientiousness measures is associated with a 0.1-0.3 standard deviation decline (i.e.,

improvement) in the health index. Generally, the inclusion of the conscientiousness scores decreases

34Tn 2006 and 2008, the conscientiousness scale included only five adjectives (organized, responsible, hardworking,
careless, thorough). The HRS added adjectives in 2010 to expand coverage of the sub-facets of conscientiousness.
We prefer the scale based on the expanded set of items.

35The MPQ score is based on how strongly a respondent agrees with statements like “I often stop one thing
before completing it and start another,” “I often act without thinking,” and “I am often not as cautious as I
should be.” The RCSG score is based on how strongly a respondent agrees with statements like “I rarely jump into
something without first thinking about it,” “I hardly ever lose or misplace things,” and “I have high standards and
work toward them.” See Smith et al. (2017) for a detailed description of the various measures and their construction.

36These results are consistent with Hicks et al. (2021), which finds higher smoking initiation scores associate
with behavioral disinhibition, including low conscientiousness, among adolescents.
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the magnitude of the smoking polygenic score point estimates. Thus, the observed relationship
between the smoking genetic endowments and health is mediated, in part, by impulsiveness and
conscientiousness. However, there still remains a statistically significant relationship between the

smoking polygenic scores and health, and this relationship is particularly robust for the CPD score.

6.5 Synthesis

We next explore how much of the association between the genetic endowments for smoking and
health remains after including controls for risk aversion, longevity expectations, planning horizons,
and conscientiousness simultaneously.®” Results are shown in Table 15. The inclusion of these
measures dampens the associations between the summary health index and the CPD score, but
by less than 25 percent. Similarly, for never smokers, over 75 percent of the association between
the initiation score and the health index remains. We then control for these mechanisms as well
as parental and spousal variables, so the sample only includes married individuals where both
members were genotyped and aged 50-65. We again find that about 75 percent of the association
between the CPD score and health summary measure remains (see Table 16). For never smokers,
the association between the initiation score shrinks by 45 percent and is no longer statistically
significant. In sum, the potential mediating variables we study explain some of the relationship

between the genetic endowments for smoking and health, but much of the relationship remains.

7 Robustness Exercises

We next explore the robustness of our results to different specifications and samples. For brevity,
we present results for the summary standardized health index. Results for the individual health
outcomes are available by request.

We first examine whether the associations between the genetic endowments for smoking and
health are robust to alternate polygenic scores. We consider the CPD and initiation scores from
a 2010 GWAS conducted by the Tobacco and Genetics Consortium (The Tobacco and Genetics
Consortium 2010) that used a much smaller discovery sample compared to Liu et al. (2019). The
results are presented in Appendix Table A7 Panel A. The estimated associations are smaller
in magnitude but qualitatively similar to those in Table 2, which use the scores built from Liu
et al. (2019). We still find the CPD score is associated with worse health for both ever and never

smokers, and a higher initiation score is associated with worse health for never smokers.

37Information about longevity expectations is available in all waves, but risk aversion, planning horizons, and
conscientiousness measures are not. For the above exercise only, we forward-fill as many missing values as possible
and backward-fill the remaining. We also performed this exercise using data only from 1998-2006 as we only
need to impute the conscientiousness measures in those years. The results are nearly identical to those reported
here and are available by request.
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In addition to smoking initiation and heaviness, Liu et al. (2019) identified genetic variants as-
sociated with smoking cessation and age of initiation of regular smoking. We do not consider these
polygenic scores in our main analysis for several reasons. First, the older polygenic scores available
in the HRS, which we used above to explore the robustness of our results, are only constructed
for smoking initiation and smoking intensity. Second, in the Liu et al. (2019) GWAS, the scores
related to smoking cessation and age of smoking initiation were substantially less predictive in- and
out-of-sample than the smoking initiation and smoking intensity scores, explaining about 1 percent
of the variation in their respective outcomes in the HRS (versus 4 percent for the initiation and
CPD scores). For the sake of completeness, we present results including all four smoking-related
polygenic scores based on the GWAS estimates in Liu et al. (2019). A higher cessation score
implies a higher propensity for current smoking (rather than being a former smoker) and a higher
initiation age score reflects a later age of initiation. The results are shown in Appendix Table
AT Panel B. Once we include the smoking controls, we find no significant association between the
initiation age score and the summary health index. A higher cessation score (a lower propensity
to quit) is significantly associated with worse health. The inclusion of the cessation and initiation
age scores slightly dampens the point estimates on the CPD and initiation scores, but the main
takeaways remain—the CPD score is correlated with worse health for both ever and never smokers,
and the initiation score is correlated with worse health for the never smokers.

Our main estimation sample includes those aged 50-65. Individuals may claim Social Security
retirement benefits as early as age 62, thus, our sample contains some individuals who are retired.
Given the potential influence of retirement on health, we explore the robustness of our results
to restricting the sample to those younger than the early retirement age, i.e., those aged 50-61.
The results are presented in Appendix Table A7 Panel C and they are nearly identical to the full
sample results.

We also found little to no change in the standard errors when clustering at the household level

rather than the individual level. Those results are available by request.

8 Discussion and Conclusion

We study how genetic endowments linked to smoking associate with health using rich data from the
Health and Retirement Study. Among individuals aged 5065, we find a higher genetic predisposi-
tion for smoking associates with worse health, even after flexibly controlling for individual smoking
behavior and even among those who have never smoked. The results suggest the smoking polygenic
scores correlate with health through non-smoking channels. Several of the health outcomes where

we find robust and meaningful relationships (e.g., diabetes, arthritis, body mass index, obesity) have
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a strong link to health behaviors like diet and exercise. Our results are consistent with the idea that
the smoking polygenic scores capture a complex array of traits that correlate with less engagement
in health-promoting activities. This hypothesis is further supported by our finding that a spouse’s
genetic predisposition toward heavy smoking adversely and independently correlates with own
health, consistent with a spouse’s propensity toward health-degrading behaviors generating negative
spillovers. While our results are descriptive in nature, they shed light on the black box of time-
invariant unobserved heterogeneity emphasized in examinations of the effects of smoking on health
(e.g., Darden 2017, Darden et al. 2018) as they highlight a non-trivial role for genetic endowments.

An advantage of the genetic data is we can learn who may be most affected by changes in
behavior. While we find significant associations between the smoking polygenic scores and health
for both ever and never smokers, the magnitudes vary across these groups and by one’s place in
the polygenic score distributions. In particular, those with relatively low initiation scores who
never smoke exhibit better health, while ever smokers with low initiation scores do not experience
such benefits. The results also suggest that both ever smokers and never smokers with relatively
high CPD scores experience worse health outcomes, but the deterioration in health is smaller
for never smokers. Thus, efforts to prevent those with a high risk for heavy smoking from ever
starting could have important health benefits beyond those directly associated with not smoking.

One concern with interpretation of our results involves pleiotropy. That is, genetic variants
can have multiple functions and affect multiple outcomes. One particular concern is that genetic
markers that correlate with smoking also correlate with biological mechanisms that impact health
outcomes (e.g., poor cholesterol metabolism or lipid transport). While we cannot dismiss this
notion, we do not think it solely drives our results.®® First, as noted above, several (though not all)
of the genetic markers implicated in the Liu et al. (2019) GWAS are involved in systems related to
neurotransmission, reward-related learning and memory, and stress response. Second, an increase
in a spouse’s CPD score is associated with declines in own health, including among couples where
neither member ever smoked. If the smoking polygenic scores operated solely through biological
mechanisms, we should not observe spousal spillovers. Furthermore, to the extent that genetic
variants that predict smoking overlap with those that predict other health outcomes, our analysis
sheds light on the mechanisms through which those variants link to health outcomes.

We note some important limitations of our work. First, we are quick to caution that our
results should be interpreted as descriptive, not causal, relationships. Second, we shed some

light on why those with higher smoking polygenic scores exhibit worse health, but there is

38Liu et al. (2019) document correlations between the smoking polygenic scores and polygenic scores for other
outcomes and traits. Of note, the CPD and initiation scores are statistically significantly and positively correlated
with polygenic scores for BMI and obesity, coronary artery disease, and proinsulin.
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much left to understand. Parental smoking, parental risky behaviors, parental mortality, spousal
smoking behavior, longevity expectations, planning horizons, and conscientiousness play a role,
but do not fully explain the health-smoking genes relationship. A more complete understanding
of the channels underlying the relationship between health and the smoking polygenic scores
may allow policy-makers to better design policies aimed at improving health, particularly for
those disproportionately endowed with a propensity to smoke. For example, to the extent the
genetic endowments for smoking reflect differences in time preferences or impulsiveness, this has

implications for the design of interventions like exercise incentives and workplace wellness programs.
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Tables and Figures

Table 1: Summary Statistics

Full Sample Ever Smoker Sample Never Smoker Sample

Mean SD N Mean SD N Mean  SD N p-value

Demographics:
Age 5856  4.16 46,692 58.60 4.16 26963 5851 4.16 19,729  0.02
Birth Year 194524  7.64 46,692 1944.96 7.65 26,963 1945.63 7.61 19,729  0.00
Male 0.42 049 46,692 048 0.50 26,963 034 047 19,729  0.00
Own Smoking:
# Cigs per Day (Among Current Smokers) 1755 1099 8427 1755 1099 8427
Maximum # Cigs per Day (Among Former Smokers) 2225 1783 16,560 22.25 17.83 16,560
Age Start Smoking (Among Ever Smokers) 17.63 501 25788 17.63 501 25,788
Age Quit Smoking (Among Quitters) 36.80 11.26 16,316 36.80 11.26 16,316
Smoked as a Teenager 0.38 0.49 26,391 0.38 0.49 26,391
Ouwn Health:
Poor Self-Reported Health 0.17 0.38 46,676  0.20 040 26,952 0.13 033 19,724  0.00
Any Hospital Stay 0.17 0.38 46,624  0.19 039 26,922 015 036 19,702  0.00
Ever Had High Blood Pressure 0.39 0.49 46,659  0.40 049 26,932 037 048 19,727  0.00
Ever Had Diabetes 0.11 0.32 46,663  0.12 0.32 26949 0.11 031 19,714 0.18
Ever Had Cancer 0.08 0.28 46,637  0.08 0.28 26919 0.09 028 19718 047
Ever Had Lung Disease 0.06 0.25 46,671  0.09 029 26,956 0.03 0.17 19,715  0.00
Ever Had Heart Problem 0.13 0.34 46,667  0.15 0.36 26,951 0.11 031 19,716  0.00
Ever Had Stroke 0.03 0.17 46,669  0.04 0.19 26947 0.02 014 19,722  0.00
Ever Had Arthritis 0.45 0.50 46,654 047 050 26,945 042 049 19,709  0.00
Any Limitations with ADLs 0.08 0.27 46,669  0.09 0.29 26,952 0.06 024 19,717  0.00
Any Limitations with IADLs 0.04 0.19 46,667  0.04 0.20 26,951 0.03 0.16 19,716  0.00
Body Mass Index (kg/m?) 2812 573 46,115 28.05 5.65 26,681 2823 582 19434  0.00
Obese 0.31 0.46 46,115  0.31 046 26,681 032 047 19434  0.00
Parental Smoking:
Neither Parent Smoked 0.18 0.38 46,692  0.15 0.36 26,963 021 041 19,729  0.00
One Parent Smoked 0.30 046 46,692  0.30 046 26,963 029 045 19,729  0.00
Both Parents Smoked 0.19 0.39 46,692 0.21 041 26963 0.16 036 19,729  0.00
Missing 0.34 047 46,692  0.33 047 26,963 034 048 19,729  0.01
Parental Mortality:
Neither Parent Died During Childhood 0.22 0.41 46,692 0.21 041 26,963 023 042 19,729  0.00
Parent(s) Died During Childhood 0.04 020 46,692  0.04 020 26963 004 019 19,729 0.11
Parental Mortality During Childhood Missing 0.74 0.44 46,692  0.75 043 26,963 0.73 044 19,729  0.00
Mother Currently Alive 0.38 049 46,692  0.37 048 26,963 039 049 19,729  0.00
Mother Died Before Age 65 0.14 0.35 46,692  0.15 0.35 26,963 0.13 034 19,729  0.00
Mother Died Age 65+ 0.47 0.50 46,692 047 050 26,963 046 050 19,729  0.02
Mother Mortality Information Missing 0.02 0.13 46,692  0.02 0.13 26,963 0.02 012 19,729 0.14
Father Currently Alive 0.17 0.37 46,692  0.15 0.36 26,963 0.19 039 19,729  0.00
Father Died Before Age 65 0.25 043 46,692  0.26 044 26963 023 042 19,729  0.00
Father Died Age 65+ 0.57 0.50 46,692  0.57 0.50 26,963 0.56  0.50 19,729  0.39
Father Mortality Information Missing 0.02 0.14 46,692  0.02 0.15 26,963 0.01 012 19,729  0.00
Parental Risky Behavior During Respondent’s Childhood:
Parent(s) Drank/Used Drugs Often 0.20 040 46,692 0.23 042 26,963 017 038 19,729  0.00
Neither Parent Drank/Used Drugs 0.73 044 46,692  0.70 046 26,963 0.77 042 19,729  0.00
Missing 0.07 0.25 46,692  0.07 026 26,963 0.06 023 19,729  0.00

Note: The table presents summary statistics for the full sample and separately for those who ever and never smoked
in their life. The sample includes those aged 5065 of European ancestry who self-identify as white and who have
been genotyped. The last column presents p-values from a test of equality of means for ever and never smokers.
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Table 2: Relationship between the Smoking Polygenic Scores and the Summary Standardized

Index of Health

Full Sample

Ever Smoker Sample

Never Smoker Sample

1)

(2) (3)

(4) (5) (6)

(7) (8)

CPD Score 0.042*  0.043** 0.035** 0.048** 0.047** 0.037** 0.032*** 0.032"**
(0.004)  (0.004) (0.004) (0.006) (0.006) (0.006) (0.006) (0.006)
Initiation Score 0.026"* 0.035** 0.021** 0.019** 0.023***  0.011  0.021*** 0.030™**
(0.004)  (0.005)  (0.005) (0.006) (0.007) (0.007)  (0.006) (0.007)
Full Smoking Controls No No Yes No No Yes No No
Standard Controls No Yes Yes No Yes Yes No Yes
Principal Components No Yes Yes No Yes Yes No Yes
Sample Mean -0.000  -0.000  -0.000 0.038 0.038 0.038 -0.052 -0.052
N 45850 45850 45850 26,509 26,509 26,509 19,341 19,341
R? 0.014 0.070 0.116 0.013 0.081 0.142 0.010 0.080

Note: Each column presents results from a separate regression where the outcome is the summary standardized
health index. Results are presented for the full sample and then separately for ever smokers and never smokers.
For each sample, we first present results without controls (columns 1, 4, 7). Then we add the standard controls
and the genetic principal components described in Section 4 (columns 2, 5, 8). Then for the full sample and ever
smoker sample, we add the full set of smoking controls described in Section 4 (columns 3, 6). * for p < 0.10, ** for

p < 0.05, and *** for p < 0.01.
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Table 4: Relationship between the Terciles of the Smoking Polygenic Scores and the Summary
Standardized Index of Health

Full Sample Ever Smoker Sample Never Smoker Sample
(1) 2) (3) (4) (5) (6) (7) ®)
CPD Score Tercile 1 -0.044**  -0.045*  -0.034™* -0.040™* -0.041** -0.026* -0.042**  -0.048***

(0.010)  (0.010)  (0.010)  (0.014)  (0.014) (0.014) (0.015)  (0.014)

CPD Score Tercile 3 0.052°*  0.052°*  0.046™* 0.063** 0.060** 0.051** 0.036*  0.030"
(0.011)  (0.011)  (0.011)  (0.015)  (0.015)  (0.015) (0.016)  (0.016)

Initiation Score Tercile 1 -0.022°  -0.034"* -0.022*  0.001  -0.005  0.003 -0.036"  -0.046*"*
(0.010)  (0.011)  (0.011)  (0.015)  (0.015) (0.015) (0.014)  (0.015)

Initiation Score Tercile 3 0.035**  0.039***  0.020*  0.041*  0.038**  0.023 0.010 0.015
(0.011)  (0.011)  (0.011)  (0.015)  (0.015)  (0.014)  (0.017) (0.017)
Full Smoking Controls No No Yes No No Yes No No
Standard Controls No Yes Yes No Yes Yes No Yes
Principal Components No Yes Yes No Yes Yes No Yes
Sample Mean -0.000 -0.000 -0.000 0.038 0.038 0.038 -0.052 -0.052
N 45,850 45,850 45,850 26,509 26,509 26,509 19,341 19,341
R? 0.011 0.066 0.115 0.010 0.079 0.141 0.010 0.079

Note: Each column presents results from a separate regression where the outcome is the summary standardized
health index. Results are presented for the full sample and then separately for ever smokers and never smokers.
For each sample, we first present results without controls (columns 1, 4, 7). Then we add the standard controls
and the genetic principal components described in Section 4 (columns 2, 5, 8). Then for the full sample and ever
smoker sample, we add the full set of smoking controls described in Section 4 (columns 3, 6). Indicators for being
in tercile 2 of the CPD score and tercile 2 of the initiation score are omitted. * for p < 0.10, ** for p < 0.05, and
> for p < 0.01.
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Table 5: Relationship between the Terciles of the Smoking Polygenic Scores and Individual Health
Measures

0] ® ® D 6 _©® _m ® O W ) @ ®
Ever Diagnosed With: Any Limitations With:
Poor Self-Reported Any High Blood .. N Lung Heart . s . § §
Health Hospitalization ~ Pressure Diabetes - Cancer Discase  Problem Stroke  Arthuitis - ADLs TADLs BMI Obese
Panel A: Full Sample
CPD Score Tercile 1 -0.017* -0.009 -0.009 -0.021**  -0.002  -0.010*  -0.001 0.001 -0.022*  -0.008* -0.002 -0.630"*  -0.044**
(0.007) (0.006) (0.012) (0.007)  (0.007) (0.005)  (0.008)  (0.004)  (0.012)  (0.005) (0.003) (0.143)  (0.011)
CPD Score Tercile 3 0.027*** 0.010* 0.028* 0.024**  -0.005 0.016"*  0.018"* -0.001 0.030*  0.015*** 0.004 0.543**  0.038***
(0.008) (0.006) (0.012) (0.008)  (0.007) (0.006)  (0.008)  (0.004)  (0.012)  (0.006) (0.003) (0.148)  (0.011)
Initiation Score Tercile 1 -0.010 -0.008 -0.014 0.000 0.001  -0.002 -0.001 -0.006 -0.017 -0.006 -0.006** -0.417%* -0.034**
(0.008) (0.006) (0.012) (0.008)  (0.007)  (0.005)  (0.008)  (0.004)  (0.012)  (0.005) (0.003) (0.147)  (0.011)
Initiation Score Tercile 3 0.028" 0.011* 0.000 0.001 -0.007  0.014* 0.002 0.002 0.002 0.011** 0.005 0.079 0.001
(0.008) (0.006) (0.012) (0.008)  (0.007) (0.006)  (0.008)  (0.004)  (0.012)  (0.006) (0.003) (0.150)  (0.011)
Full Smoking Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sample Mean 0.170 0.174 0.386 0.114 0.084 0.064 0.132 0.030 0.451 0.080 0.036 28.122 0.312
N 46,676 46,624 46,659 46,663 46,637 46,671 46,667 46,669 46,654 46,669 46,667 46,115 46,115
R? 0.067 0.025 0.058 0.058 0.033 0.087 0.051 0.033 0.076 0.036 0.030 0.083 0.060
Panel B: Ever Smoker Sample
CPD Score Tercile 1 -0.020* -0.012 -0.001 -0.016 0.002  -0.016* 0.005 -0.002 -0.023 -0.005 -0.002 -0.257 -0.021
(0.011) (0.008) (0.016) (0.010)  (0.009) (0.008)  (0.011)  (0.006)  (0.016)  (0.007) (0.004) (0.181)  (0.014)
CPD Score Tercile 3 0.018* 0.014* 0.042%** 0.022**  -0.006  0.023**  0.034**  -0.004 0.035*  0.013* 0.003 0.509"*  0.035*
(0.011) (0.008) (0.015) (0.010)  (0.009) (0.009)  (0.011)  (0.006)  (0.016)  (0.008) (0.005) (0.182)  (0.014)
Initiation Score Tercile 1 -0.005 0.005 -0.001 0.018 0.001  -0.005 0.008 0.001 -0.006 0.002 -0.004 -0.267  -0.031**
(0.011) (0.008) (0.017) (0.011)  (0.009) (0.009)  (0.012)  (0.006)  (0.017)  (0.007) (0.005) (0.194)  (0.015)
Initiation Score Tercile 3 0.028" 0.011 -0.004 0.005 -0.007  0.014 -0.004 0.005 0.005 0.015** 0.009* 0.055 -0.010
(0.010) (0.008) (0.015) (0.010)  (0.009) (0.009)  (0.011)  (0.006)  (0.015)  (0.007) (0.005) (0.183)  (0.014)
Full Smoking Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sample Mean 0.202 0.189 0.398 0.115 0.083 0.090 0.149 0.038 0.470 0.093 0.043 28.046 0.305
N 26,952 26,922 26,932 26,949 26,919 26956 26,951 26,947 26,945 26,952 26,951 26,681 26,681
R? 0.086 0.035 0.083 0.075 0.048 0.102 0.068 0.043 0.090 0.051 0.044 0.120 0.086
Panel C: Never Smoker Sample
CPD Score Tercile 1 -0.015 -0.006 -0.021 -0.031**  -0.008  -0.006 -0.011 0.006 -0.024  -0.013* -0.003 -1.154" -0.077"*
(0.010) (0.008) (0.018) (0.011)  (0.010) (0.006)  (0.011)  (0.005)  (0.018)  (0.007) (0.004) (0.228)  (0.017)
CPD Score Tercile 3 0.036*** 0.002 0.005 0.025*  -0.004  0.002 -0.007 0.002 0.013 0.015* 0.004 0.511* 0.036*
(0.012) (0.009) (0.019) (0.012)  (0.010) (0.007)  (0.012)  (0.005)  (0.019)  (0.008) (0.005) (0.249)  (0.018)
Initiation Score Tercile 1 -0.012 -0.022%+ -0.028 -0.017 0.003 0.003 -0.011  -0.015**  -0.025  -0.015** -0.008** -0.531%  -0.034*
(0.010) (0.008) (0.018) (0.011)  (0.011) (0.006)  (0.012)  (0.005)  (0.018)  (0.007) (0.004) (0.224)  (0.017)
Initiation Score Tercile 3 0.024** 0.011 0.004 -0.002  -0.010  0.017* 0.011 -0.003 0.004 0.005 -0.001 0.085 0.015
(0.012) (0.009) (0.020) (0.013)  (0.011) (0.008) (0.013)  (0.006)  (0.020)  (0.009) (0.005) (0.257)  (0.019)
Sample Mean 0.126 0.154 0.370 0.111 0.085 0.029 0.109 0.020 0.424 0.063 0.026 28.227 0.321
N 19,724 19,702 19,727 19,714 19,718 19,715 19,716 19,722 19,709 19,717 19,716 19,434 19,434
R? 0.031 0.017 0.050 0.053 0.032 0.031 0.040 0.027 0.070 0.024 0.014 0.063 0.051

Note: Each column within a panel presents results from a separate regression where the outcome is noted in the
column heading. Results for the full sample are presented in Panel A, for the ever smoker sample in Panel B, and
for the never smoker sample in Panel C. In all specifications, we include the standard controls and the genetic
principal components described in Section 4. We also include the full set of smoking controls described in Section 4
for the full sample and ever smoker samples. Indicators for being in tercile 2 of the CPD score and tercile 2 of the
initiation score are omitted. * for p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table 6: Relationship between the Smoking Polygenic Scores and the Summary Standardized
Index of Health Accounting for Parental Smoking, Risky Behaviors, and Mortality

Full Sample Ever Smoker Sample Never Smoker Sample
(1) (2) (3) (4) (5) (6)
CPD Score 0.035** 0.033** 0.037*  0.034**  0.032*** 0.029***
(0.004)  (0.004)  (0.006) (0.006) (0.006) (0.006)
Initiation Score 0.021* 0.017  0.011 0.010 0.030™* 0.024**
(0.005)  (0.005)  (0.007) (0.007) (0.007) (0.007)
Parental Controls No Yes No Yes No Yes
Full Smoking Controls Yes Yes Yes Yes No No
Standard Controls Yes Yes Yes Yes Yes Yes
Principal Components Yes Yes Yes Yes Yes Yes
Sample Mean -0.000  -0.000 0.038 0.038 -0.052 -0.052
N 45,850 45,850 26,509 26,509 19,341 19,341
R? 0.116 0.134 0.142 0.156 0.080 0.106

Note: Each column presents results from a separate regression where the outcome is the summary standardized
health index. Results are presented for the full sample and then separately for ever smokers and never smokers. In
all specifications, we include the standard controls and the genetic principal components described in Section 4.
We also include the full set of smoking controls described in Section 4 for the full sample and ever smoker samples.
In columns (2), (4), and (6), we add controls for parental smoking, parental risky behaviors, and parental mortality
as described in Section 3.4. * for p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table 7: Relationship between the Smoking Polygenic Scores and the Summary Standardized

Index of Health Accounting for Spouse’s Smoking Behavior and Smoking Polygenic Scores

Full Sample

Ever Smoker Sample

Never Smoker Sample

1) 2 ®3) 4) (5) (6) (M) ®) ) (10) 11 (12)
CPD Score 0.030*  0.028* 0.030** 0.028"* 0.030** 0.029** 0.031** 0.030* 0.029"* 0.024** 0.029** 0.025"*
(0.006)  (0.006)  (0.006)  (0.006) (0.008) (0.008)  (0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
Initiation Score 0.015*  0.011*  0.013**  0.009 0.005 0.001 0.003 -0.001  0.029"* 0.025"** 0.027"* 0.024**
(0.006)  (0.006)  (0.006)  (0.006) (0.008) (0.008)  (0.008) (0.008) (0.008) (0.008)  (0.008) (0.008)
Spouse’s CPD Score 0.025"*  0.022"** 0.022**  0.020"** 0.026**  0.023"*
(0.006)  (0.006) (0.008)  (0.008) (0.008)  (0.008)
Spouse’s Initiation Score 0.004 0.000 0.007 0.007 0.001 -0.005
(0.006)  (0.006) (0.008)  (0.008) (0.009)  (0.009)
Spouse’s Full Smoking Controls No Yes No Yes No Yes No Yes No Yes No Yes
Spouse’s Principal Components No No Yes Yes No No Yes Yes No No Yes Yes
Full Smoking Controls Yes Yes Yes Yes Yes Yes Yes Yes No No No No
Standard Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Principal Components Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sample Mean -0.035  -0.035  -0.035  -0.035 0.004 0.004 0.004 0.004 -0.085  -0.085  -0.085  -0.085
N 21,357 21,357 21,357 21,357 11,888 11,888 11,888 11,888 9,469 9,469 9,469 9,469
R? 0.128 0.152 0.136 0.159 0.172 0.203 0.181 0.212 0.088 0.142 0.097 0.150

Note: Each column presents results from a separate regression where the outcome is the summary standardized
health index. Results are presented for the full sample and then separately for ever smokers and never smokers, and
we only include individuals in couples where both members are aged 50-65 and genotyped. In all specifications, we
include the standard controls and the genetic principal components described in Section 4, and for the full sample
and ever smoker sample, we always include the full set of own smoking controls described in Section 4. In columns
(2), (6), and (10), we include the full set of the spouse’s smoking controls. In columns (3), (7), and (11), we include
the spouse’s smoking polygenic scores and their genetic principal components. In columns (4), (8), and (12), we
include both the full set of the spouse’s smoking controls and the spouse’s smoking polygenic scores and their
genetic principal components. * for p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table 8: Relationship between the Smoking Polygenic Scores and Risk Preferences

(1) (2) (3) (4) (5) (6) (7) (8)
Risk Aversion Category (Income Gamble)  General Willingness to Take Risk
Very Very 0-10
Unwilling Willing Score
Panel A: Full Sample
CPD Score 0.013* 0.008 0.006 0.004 -0.001 0.002 0.002 -0.016
(0.006) (0.006) (0.005) (0.004) (0.003)  (0.003)  (0.004) (0.037)

=6 >5 >4 >3 >2

Initiation Score 0.008 -0.002 0.003  0.005  0.001 0.002 -0.001 0.001
(0.006) (0.006) (0.005) (0.004) (0.003)  (0.004)  (0.005) (0.040)
Full Smoking Controls  Yes Yes Yes Yes Yes Yes Yes Yes
Sample Mean 0379 0602 0772 0872 0.948 0.045 0.067 5.878
N 9211 9211 9211 9211 9211 5,518 5,518 5,518
R? 0.046 0.046  0.043 0.048 0.045 0.061 0.057 0.073
Panel B: Ever Smoker Sample
CPD Score 0.008  0.003  0.008 0.006 -0.002 0.002 0.003 -0.045
(0.008) (0.008) (0.007) (0.005) (0.003)  (0.005)  (0.006) (0.051)
Initiation Score 0.008 0.002  0.002 0.006  0.004 -0.001 0.006 0.052
(0.008) (0.008) (0.007) (0.006) (0.004)  (0.006)  (0.006) (0.057)
Full Smoking Controls  Yes Yes Yes Yes Yes Yes Yes Yes
Sample Mean 0.385  0.601  0.765 0.862 0.944 0.049 0.073 5.863
N 5,346 5,346 5346 5346 5,346 3,011 3,011 3,011
R? 0.068  0.065 0.059 0.065  0.065 0.107 0.102 0.118
Panel C: Never Smoker Sample
CPD Score 0.020= 0.013  0.002 0.002 -0.001 0.001 0.004 0.036
(0.009) (0.009) (0.007) (0.006) (0.004)  (0.005)  (0.006) (0.054)
Initiation Score 0.005  -0.004 0.0056 0.004 -0.004 0.006 -0.006 -0.060
(0.010) (0.010) (0.008) (0.007) (0.005)  (0.005)  (0.007) (0.058)
Sample Mean 0371 0604 0.783 0885  0.954 0.040 0.061 5.896
N 3,865 3,865 3,865 3,865 3,865 2,507 2,507 2,507
R? 0.040 0.049 0.048 0.046 0.042 0.041 0.036 0.057

Note: Each column within a panel presents results from a separate regression. The outcomes in columns (1)—(5)
are based on respondents’ choice between a guaranteed stream of income and a 50-50 gamble that doubles that
amount of income or cuts it by various amounts. Individuals are grouped into six categories from least (category 1)
to most (category 6) risk averse. Category 6 corresponds to always choosing the guaranteed stream of income, and
categories 1, 2, 3, 4, and 5 consist of those who would take a job with even chances of doubling income or cutting
it by 75%, 50%, a third, 20%, and 10%, respectively. The outcomes in columns (6)—(8) are based on respondents’
answers on a 0-10 scale to whether they avoid taking risks or are fully prepared to take risks. In column (6), the
outcome is an indicator for not willing to take risk (response of 0 or 1). In column (7), the outcome is an indicator
for very willing to take risk (response of 9 or 10). In column (8), the outcome is the score itself. Results for the full
sample are presented in Panel A, for the ever smoker sample in Panel B, and for the never smoker sample in Panel
C. In all specifications, we include the standard controls and the genetic principal components described in Section
4, and for the full sample and ever smoker sample, we always include the full set of smoking controls described in
Section 4. * for p < 0.10, ** for p < 0.05, and *** for p@0.0l.



Table 9: Relationship between the Smoking Polygenic Scores and Self-Reported Probability of
Living to Age 75

Full Sample Ever Smoker Sample Never Smoker Sample

(1) (2) (3)

CPD Score -1.420™* -1.749%* -1.018"*
(0.227) (0.313) (0.329)
Initiation Score 0.019 0.402 -0.429
(0.248) (0.339) (0.361)
Full Smoking Controls Yes Yes No
Sample Mean 66.672 64.362 69.806
N 42,001 24,182 17,819
R? 0.082 0.109 0.028

Note: Each column presents results from a separate regression where the outcome is the self-reported probability of
living to age 75. Results are presented for the full sample and then separately for ever smokers and never smokers.
In all specifications, we include the standard controls and the genetic principal components described in Section 4,
and for the full sample and ever smoker sample, we always include the full set of smoking controls described in
Section 4. * for p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table 10: Relationship between the Smoking Polygenic Scores and the Summary Standardized
Index of Health Accounting for Longevity Expectations

Full Sample Ever Smoker Sample Never Smoker Sample
(1) (2) (3) (4) (5) (6)
CPD Score 0.036™*  0.029** 0.038**  0.030™*  0.031** 0.027**
(0.004)  (0.004)  (0.006) (0.006) (0.006) (0.006)
Initiation Score 0.020™*  0.020**  0.011 0.013=  0.030*** 0.028**
(0.005)  (0.005)  (0.007) (0.006) (0.007) (0.006)
Probability of Living to 75 -0.005** -0.005** -0.005**
(0.000) (0.000) (0.000)
Full Smoking Controls Yes Yes Yes Yes No No
Sample Mean -0.009 -0.009 0.029 0.029 -0.061 -0.061
N 42,001 42,001 24,182 24,182 17,819 17,819
R? 0.115 0.191 0.141 0.214 0.075 0.151

Note: Each column presents results from a separate regression where the outcome is the summary standardized
health index. Results are presented for the full sample and then separately for ever smokers and never smokers. In
all specifications, we include the standard controls and the genetic principal components described in Section 4.
We also include the full set of smoking controls described in Section 4 for the full sample and ever smoker samples.
In columns (2), (4), and (6), we add controls for the individual’s self-reported probability of living to age 75. * for
p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table 11: Relationship between the Smoking Polygenic Scores and Financial Planning Horizon

(1)
PH > Next Year

2)
PH > Few Years

3)
PH > 5-10 Years

(4)
PH > 10 Years

Panel A: Full Sample

CPD Score -0.008"* -0.008™* -0.007* 0.001
(0.003) (0.004) (0.004) (0.003)
Initiation Score -0.007** -0.009** -0.005 -0.002
(0.003) (0.004) (0.005) (0.003)
Full Smoking Controls Yes Yes Yes Yes
Sample Mean 0.880 0.777 0.503 0.140
N 18,878 18,878 18,878 18,878
R? 0.034 0.031 0.033 0.021
Panel B: Ever Smoker Sample
CPD Score -0.008"* -0.007 -0.010* -0.003
(0.004) (0.005) (0.006) (0.004)
Initiation Score -0.005 -0.008 -0.005 -0.002
(0.004) (0.005) (0.006) (0.004)
Full Smoking Controls Yes Yes Yes Yes
Sample Mean 0.869 0.761 0.492 0.131
N 10,810 10,810 10,810 10,810
R? 0.053 0.044 0.046 0.034
Panel C: Never Smoker Sample
CPD Score -0.006 -0.007 -0.004 0.005
(0.004) (0.006) (0.007) (0.005)
Initiation Score -0.007 -0.008 -0.004 -0.003
(0.005) (0.006) (0.007) (0.005)
Sample Mean 0.895 0.798 0.519 0.151
N 8,068 8,068 8,068 8,068
R? 0.020 0.022 0.031 0.021

Note: Each column presents results from a separate regression where the outcome is an indicator for financial
planning horizon (PH) length. Results are presented for the full sample and then separately for ever smokers
and never smokers. In all specifications, we include the standard controls and the genetic principal components
described in Section 4, and for the full sample and ever smoker sample, we always include the full set of smoking
controls described in Section 4. * for p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table 12: Relationship between the Smoking Polygenic Scores and the Summary Standardized
Index of Health Accounting for Financial Planning Horizons

Full Sample Ever Smoker Sample Never Smoker Sample
(1) (2) (3) (4) (5) (6)
CPD Score 0.040* 0.038™*  0.042***  0.041"*  0.034** 0.033*
(0.005)  (0.005)  (0.008) (0.008) (0.007) (0.007)
Initiation Score 0.024** 0.022*  0.015* 0.014* 0.032*** 0.031***
(0.006)  (0.006)  (0.008) (0.008) (0.008) (0.008)
PH = Next Year -0.101** -0.102** -0.098"**
(0.017) (0.023) (0.025)
PH = Next Few Years -0.157* -0.162** -0.144**
(0.015) (0.020) (0.022)
PH = Next 5-10 Years -0.188*** -0.192*** -0.175"*
(0.015) (0.020) (0.022)
PH > 10 years -0.184** -0.185*** -0.172%*
(0.017) (0.023) (0.025)
Full Smoking Controls Yes Yes Yes Yes No No
Sample Mean 0.017 0.017 0.064 0.064 -0.045 -0.045
N 18,878 18,878 10,810 10,810 8,068 8,068
R? 0.123 0.139 0.150 0.165 0.077 0.094

Note: Each column presents results from a separate regression where the outcome is the summary standardized
health index. Results are presented for the full sample and then separately for ever smokers and never smokers. In
all specifications, we include the standard controls and the genetic principal components described in Section 4.
We also include the full set of smoking controls described in Section 4 for the full sample and ever smoker samples.
In columns (2), (4), and (6), we add dummy variables for the individual’s financial planning horizon (PH). * for
p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table 13: Relationship between the Smoking Polygenic Scores and Impulsivity and Conscien-

tiousness
Full Sample Ever Smoker Sample Never Smoker Sample
(1) 2 3) (4) (5) (6) (7) ©) 9)
Big5  MPQ Score RCSG Score Bigh  MPQ Score RCSG Score  Bigh5  MPQ Score RCSG Score
14  (L6) (L6 () (16) -6 (4 (1) (1-6)
CPD Score -0.019"** -0.046** -0.036*** -0.021* -0.016 -0.015 -0.017* -0.080"** -0.062"**
(0.007) (0.016) (0.011) (0.010) (0.023) (0.016) (0.009) (0.023) (0.015)
Initiation Score -0.015** -0.040** -0.020* -0.001 -0.031 -0.030* -0.030*** -0.048** -0.001
(0.007) (0.017) (0.011) (0.011) (0.025) (0.016) (0.010) (0.023) (0.016)
Full Smoking Controls Yes Yes Yes Yes Yes Yes No No No
Sample Mean 3.280 4.318 4.737 3.235 4.259 4.655 3.333 4.389 4.833
N 5,565 3,255 3,157 2,999 1,763 1,707 2,566 1,492 1,450
R? 0.112 0.090 0.137 0.149 0.151 0.186 0.079 0.081 0.116

Note: Each column presents results from a separate regression. The outcome in columns (1), (4), and (7) is the
Big 5 conscientiousness score, which ranges from 1 (less conscientious)—4 (more conscientious). The outcome in
columns (2), (5), and (8) is the conscientiousness score from the Multidimensional Personality Questionnaire (MPQ),
which ranges from 1 (less conscientious)—6 (more conscientious). The outcome in columns (3), (6), and (9) is the
conscientiousness score from Roberts et al. (2005) (the RCSG score) which ranges from 1 (less conscientious)—6
(more conscientious). More details on these outcomes are provided in Section 6.4. Results are presented for the
full sample and then separately for ever smokers and never smokers. In all specifications, we include the standard
controls and the genetic principal components described in Section 4, and for the full sample and ever smoker
sample, we always include the full set of smoking controls described in Section 4. * for p < 0.10, ** for p < 0.05,

and *** for p < 0.01.
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Table 14: Relationship between the Smoking Polygenic Scores and the Summary Standardized
Index of Health Accounting for Conscientiousness

D ® 0 ® 06 6
Panel A: Full Sample
CPD Score 0.033**  0.028**  0.036*** 0.032*** 0.039"* 0.034™*
(0.008)  (0.008)  (0.009)  (0.009)  (0.008)  (0.008)
Initiation Score 0.023*  0.018*  0.027**  0.023*  0.032**  0.029"**
(0.009)  (0.009)  (0.009)  (0.009)  (0.009)  (0.009)
Big 5 Conscientiousness Score -0.274**
(0.021)
MPQ Conscientiousness Score -0.096"**
(0.010)
RCSG Conscientiousness Score -0.152%*
(0.016)
Full Smoking Controls Yes Yes Yes Yes Yes Yes
Sample Mean 0.066 0.066 0.056 0.056 0.056 0.056
N 5,565 5,565 3,255 3,255 3,157 3,157
R? 0.137 0.181 0.148 0.174 0.161 0.191
Panel B: Ever Smoker Sample
CPD Score 0.035*  0.029*  0.034™  0.032*  0.035*  0.033**
(0.012)  (0.012) (0.013) (0.013) (0.013)  (0.013)
Initiation Score 0.016 0.016 0.026* 0.023  0.037*  0.033**
(0.014)  (0.013) (0.015) (0.014) (0.014)  (0.014)
Big 5 Conscientiousness Score -0.300***
(0.030)
MPQ Conscientiousness Score -0.110"*
(0.015)
RCSG Conscientiousness Score -0.134*
(0.023)
Full Smoking Controls Yes Yes Yes Yes Yes Yes
Sample Mean 0.129 0.129 0.110 0.110 0.104 0.104
N 2,999 2,999 1,763 1,763 1,707 1,707
R? 0.169 0.215 0.185 0.214 0.213 0.233
Panel C: Never Smoker Sample
CPD Score 0.031*  0.027*  0.038"* 0.031** 0.043"*  0.032**
(0.011)  (0.010) (0.011) (0.011) (0.011)  (0.011)
Initiation Score 0.029  0.022*  0.027*  0.023* 0.023* 0.023*
(0.012)  (0012) (0.012) (0.012) (0.012)  (0.012)
Big 5 Conscientiousness Score -0.239*
(0.029)
MPQ Conscientiousness Score -0.083***
(0.014)
RCSG Conscientiousness Score -0.172%*
(0.023)
Sample Mean -0.008 -0.008 -0.009 -0.009 -0.001 -0.001
N 2566 2,566 1492 1492 1450 1450
R? 0.092 0.133 0.116 0.139 0.122 0.166

Note: Each column within a panel presents results from a separate regression where the outcome is the summary
standardized health index. Results for the full sample are presented in Panel A, for the ever smoker sample in
Panel B, and for the never smoker sample in Panel C. In all specifications, we include the standard controls and
the genetic principal components described in Section 4. We also include the full set of smoking controls described
in Section 4 for the full sample and ever smoker samples. In columns (1), (3), and (5), we do not include controls
for conscientiousness. In columns (2), (4), and (6), we add controls for the Big 5 conscientiousness score (1-4), the
MPQ conscientiousness score (1-6), and the RCSG conscientiousness score (1-6), respectively. * for p < 0.10, **
for p < 0.05, and *** for p < 0.01.
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Table 15: Relationship between the Smoking Polygenic Scores and the Summary Standardized
Index of Health Accounting for Risk Aversion, Longevity Expectations, Planning Horizons, and
Conscientiousness

Full Sample Ever Smoker Sample Never Smoker Sample
(1) (2) (3) (4) (5) (6)
CPD Score 0.037** 0.029** 0.043**  0.033"**  0.029*** 0.024**
(0.006)  (0.005)  (0.008) (0.008) (0.007) (0.007)
Initiation Score 0.018** 0.013**  0.007 0.005 0.027* 0.021**
(0.006)  (0.006)  (0.008) (0.008) (0.009) (0.009)
Risk Aversion Controls No Yes No Yes No Yes
Expected Longevity Controls No Yes No Yes No Yes
Planning Horizon Controls No Yes No Yes No Yes
Conscientiousness Controls No Yes No Yes No Yes
Full Smoking Controls Yes Yes Yes Yes No No
Standard Controls Yes Yes Yes Yes Yes Yes
Principal Components Yes Yes Yes Yes Yes Yes
Sample Mean -0.027  -0.027 0.003 0.003 -0.065 -0.065
N 25,818 25818 14,565 14,565 11,253 11,253
R? 0.130 0.219 0.166 0.248 0.095 0.192

Note: Each column presents results from a separate regression where the outcome is the summary standardized
health index. Results are presented for the full sample and then separately for ever smokers and never smokers. In
all specifications, we include the standard controls and the genetic principal components described in Section 4.
We also include the full set of smoking controls described in Section 4 for the full sample and ever smoker samples.
In columns (2), (4), and (6), we add dummy variables for risk aversion categories, self-reported probability of living
to age 75, dummy variables for financial planning horizon, and the Big 5 conscientiousness score. * for p < 0.10, **
for p < 0.05, and *** for p < 0.01.

49



Table 16: Relationship between the Smoking Polygenic Scores and the Summary Standardized
Index of Health Accounting for Risk Aversion, Longevity Expectations, Planning Horizons,
Conscientiousness, and Parental and Spousal Variables

Full Sample Ever Smoker Sample Never Smoker Sample
(1) 2) (3) (4) (5) (6)
CPD Score 0.035** 0.026** 0.039**  0.031***  0.032*** 0.024**
(0.007)  (0.007)  (0.010) (0.010) (0.010) (0.009)
Initiation Score 0.015**  0.006 0.004 -0.001 0.029* 0.016
(0.007)  (0.007)  (0.010) (0.010) (0.011) (0.011)
Spouse’s CPD Score 0.024*** 0.016* 0.024**
(0.007) (0.009) (0.010)
Spouse’s Initiation Score -0.008 0.000 -0.014
(0.007) (0.010) (0.011)
Risk Aversion Controls No Yes No Yes No Yes
Expected Longevity Controls No Yes No Yes No Yes
Planning Horizon Controls No Yes No Yes No Yes
Conscientiousness Controls No Yes No Yes No Yes
Parental Controls No Yes No Yes No Yes
Spouse’s Full Smoking Controls No Yes No Yes No Yes
Spouse’s Principal Components No Yes No Yes No Yes
Full Smoking Controls Yes Yes Yes Yes No No
Standard Controls Yes Yes Yes Yes Yes Yes
Principal Components Yes Yes Yes Yes Yes Yes
Sample Mean -0.058  -0.058  -0.029 -0.029 -0.093 -0.093
N 12,989 12,989 7,039 7,039 5,950 5,950
R? 0.148 0.267 0.213 0.337 0.106 0.282

Note: Each column presents results from a separate regression where the outcome is the summary standardized
health index. Results are presented for the full sample and then separately for ever smokers and never smokers. In
all specifications, we include the standard controls and the genetic principal components described in Section 4.
We also include the full set of smoking controls described in Section 4 for the full sample and ever smoker samples.
In columns (2), (4), and (6), we add dummy variables for risk aversion categories, self-reported probability of living
to age 75, dummy variables for financial planning horizon, the Big 5 conscientiousness score, controls for parental
smoking, parental risky behaviors, and parental mortality as described in Section 3.4, the full set of the spouse’s
smoking controls, and the spouse’s smoking polygenic scores and their genetic principal components. * for p < 0.10,
** for p < 0.05, and *** for p < 0.01.
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Figure 1: Distributions of the Smoking Polygenic Scores
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Note: Panel (a) shows the smoothed density of the smoking initiation score and Panel (b) shows the smoothed
density of the CPD (smoking intensity) score.
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Figure 2: Relationship between Smoking Polygenic Scores and Various Smoking Measures
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Note: Panel (a) shows the non-parametric (lowess) relationship between the smoking initiation score and the
probability of ever smoking (as of the last time an individual is observed in our sample). Panel (b) shows the
lowess relationship between the CPD score and average cigarettes smoked per day among current smokers. Panel
(c) shows the lowess relationship between the CPD score and the maximum number of cigarettes smoked per day
among former smokers.
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Figure 3: Distribution of Smoking Polygenic Scores Among Ever and Never Smokers
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Note: Panel (a) shows the smoothed density of the smoking initiation score separately for ever and never smokers.
Panel (b) shows the smoothed density of the CPD (smoking intensity) score separately for ever and never smokers.
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Appendix

Table Al: Summary Statistics for Non-Genotyped Individuals

Full Sample Ever Smoker Sample Never Smoker Sample

Mean SD N Mean SD N Mean  SD N p-value

Demographics:
Age 5820 418 31,015 5838 4.15 18877 5793 421 12138  0.00
Birth Year 194538  9.14 31,015 1944.59 9.01 18877 1946.59 9.22 12,138  0.00
Male 0.46 0.50 31,015  0.53 0.50 18877  0.35 048 12,138  0.00
Own Smoking:
# Cigs per Day (Among Current Smokers) 17.76  12.30 7,076 17.76  12.30 7,076
Maximum # Cigs per Day (Among Former Smokers) 19.43 17.76 8,183 1943 17.76 8,183
Age Start Smoking (Among Ever Smokers) 18.04 557 13,758 18.04 557 13,758
Age Quit Smoking (Among Quitters) 3897 1158 9,800 3897 11.58 9,800
Smoked as a Teenager 0.36 048 11,722 0.36 0.48 11,722
Ouwn Health:
Poor Self-Reported Healt 0.29 046 30,995  0.32 047 18867 026 044 12128  0.00
Any Hospital Stay 0.20 0.40 30813 022 042 18775 017 037 12,038  0.00
Ever Had High Blood Pressure 0.42 0.49 30,98  0.42 049 18861 042 049 12125 0.53
Ever Had Diabetes 0.16 0.37 30,967  0.16 0.37 18843 0.16 037 12,124  0.76
Ever Had Cancer 0.08 0.28 30,951 0.09 0.29 18,837 0.07 026 12,114  0.00
Ever Had Lung Disease 0.08 0.26 30,997 0.11 0.31 18867  0.03 0.17 12,130  0.00
Ever Had Heart Problem 0.14 0.35 30,98  0.17 0.37 18857  0.10 030 12,129  0.00
Ever Had Stroke 0.04 0.20 30,998  0.05 0.23 18869  0.02 0.16 12,129  0.00
Ever Had Arthritis 0.42 0.49 30,980 045 050 18861  0.38 049 12119  0.00
Any Limitations with ADLs 0.13 0.34 30,925 0.15 0.36 18834  0.11 031 12,091  0.00
Any Limitations with IADLs 0.08 0.26 30,917  0.09 0.28 18831 0.06 024 12,08  0.00
Body Mass Index (kg/m?) 2817 585 30,286 27.87 579 18520 28.65 593 11,766  0.00
Obese 0.32 047 30414 030 046 18554  0.35 048 11,860  0.00
Parental Smoking:
Neither Parent Smoked 0.18 0.39 31,015 0.14 0.35 18877  0.25 043 12,138  0.00
One Parent Smoked 0.25 043 31,015 0.24 0.43 18,877 0.27 044 12,138  0.00
Both Parents Smoked 0.13 0.34 31,015 0.5 0.35 18877  0.11 032 12138  0.00
Missing 0.43 049 31,015 047 050 18877  0.37 048 12,138  0.00
Parental Mortality:
Neither Parent Died During Childhood 0.11 0.31 31,015 0.10 030 18877 0.13 0.33 12,138  0.00
Parent(s) Died During Childhood 0.04 0.20 31,015 0.04 0.19 18,877 0.05 0.21 12,138  0.00
Parental Mortality During Childhood Missing 0.85 0.36 31,015  0.86 035 18877 0.83 038 12,138  0.00
Mother Currently Alive 0.37 048 31,015 035 048 18877 041 049 12138  0.00
Mother Died Before Age 65 0.17 0.37 31,015 0.8 0.38 18877 0.15 036 12,138  0.00
Mother Died Age 65+ 0.44 0.50 31,015 045 050 18877 041 049 12,138  0.00
Mother Mortality Information Missing 0.02 0.15 31,015  0.03 0.16 18877 0.02 0.14 12,138  0.00
Father Currently Alive 0.16 0.37 31,015 0.15 0.35 18877  0.19 040 12,138  0.00
Father Died Before Age 65 0.25 043 31,015 0.27 0.44 18,877 0.23 042 12,138  0.00
Father Died Age 65+ 0.55 0.50 31,015 0.55 0.50 18877  0.55 0.50 12,138  0.80
Father Mortality Information Missing 0.03 0.18 31,015  0.04 019 18877  0.03 017 12,138  0.02
Parental Risky Behavior During Respondent’s Childhood:
Parent(s) Drank/Used Drugs Often 0.10 0.30 31,015 0.11 031 18877  0.09 028 12,138  0.00
Neither Parent Drank/Used Drugs 0.40 049 31,015 037 0.48 18877 045 050 12,138  0.00
Missing 0.50 0.50 31,015  0.53 050 18877 046 050 12,138  0.00

Note: The table presents summary statistics for the full sample and separately for those who ever and never smoked.
The sample includes those aged 50-65 of European ancestry who self-identify as white and who have not been
genotyped. The last column presents p-values from a test of equality of means for ever and never smokers.
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Table A2: Relationship between the Smoking Polygenic Scores and Smoking Behavior

Max # of Cigarettes
Smoked per Day Ever Smoked
Hn @ 6 | @ 6 ©
CPD Score 2.044** 1.949** | 0.027*** 0.016***
(0.218) (0.219) | (0.005) (0.005)
Initiation Score 1.155%*  (0.924*** 0.095***  0.093***
(0.235)  (0.234) (0.005)  (0.005)
Standard Controls Yes Yes Yes Yes Yes Yes
Principal Components Yes Yes Yes Yes Yes Yes
Sample Mean 22468 22468  22.468 0.583 0.583 0.583
N 5,392 5,392 5,392 9,488 9,488 9,488
R? 0.103 0.092 0.105 0.049 0.078 0.079
Incremental R? 0.015 0.004 0.018 0.003 0.031 0.032

Note: Each column presents results from a separate regression. In columns (1)—(3), the outcome is the maximum
number of cigarettes smoked per day among current and former smokers. In columns (4)—(6), the outcome is
an indicator for whether the individual has ever smoked as of the last time we observe them in our sample. In
all specifications, we include the standard controls and the genetic principal components described in Section 4.
In columns (1) and (4), we report the incremental R? of the CPD score; in columns (2) and (5), we report the
incremental R? of the initiation score; and in columns (3) and (6), we report the incremental R? of both scores. *
for p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table A3: Relationship between the Smoking Polygenic Scores and Summary Standardized Index
of Doctor-Diagnosed Conditions

Full Sample

Ever Smoker Sample

Never Smoker Sample

(1) (2) (3) (4) () (6) (7) (8)
CPD Score 0.035**  0.036™* 0.029** 0.044** 0.044** 0.034™* 0.021*** 0.022***
(0.005)  (0.005)  (0.005) (0.007) (0.007) (0.007)  (0.006) (0.007)
Initiation Score 0.020"* 0.027** 0.013**  0.012*  0.016*  0.004  0.017* 0.023*
(0.005)  (0.005)  (0.005) (0.007) (0.007) (0.007) (0.007) (0.007)
Full Smoking Controls No No Yes No No Yes No No
Standard Controls No Yes Yes No Yes Yes No Yes
Principal Components No Yes Yes No Yes Yes No Yes
Sample Mean -0.000  -0.000  -0.000 0.037 0.037 0.037 -0.051 -0.051
N 45850 45850 45850 26,509 26,509 26,509 19,341 19,341
R? 0.008 0.083 0.123 0.009 0.093 0.145 0.004 0.092

Note: Each column presents results from a separate regression where the outcome is a summary standardized index
of the doctor-diagnosed conditions. Results are presented for the full sample and then separately for ever smokers
and never smokers. For each sample, we first present results without controls (columns 1, 4, 7). Then we add the
standard controls and the genetic principal components described in Section 4 (columns 2, 5, 8). Then for the full
sample and ever smoker sample, we add the full set of smoking controls described in Section 4 (columns 3, 6). * for
p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table A4: Smoking Polygenic Scores and Assortative Mating

Panel A: CPD Score
(N=2,663)
Wife’s CPD
Score Quartile

Ql Q2 Q3 M

Husband’s CPD
Score Quartile

Q1 304 254 255 247
Q2 22.3 257 250 26.2
Q3 226 232 250 282
Q4 247 257 244 209
Panel B: Initiation Score
(N=2,663)

Wife’s Initiation
Score Quartile

Ql Q2 Q3 4

Husband’s Initiation
Score Quartile

Q1 25.0 283 234 240
Q2 253 245 268 274
Q3 26.8 242 270 220
Q4 228 231 228 26.6

Note: Panel A (B) shows the distribution of the husband’s CPD (initiation) score conditional on the quartile of the
wife’s CPD (initiation) score for all individuals in couples where both members were genotyped and aged 50-65.
The column probabilities sum to 100.
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Table A6: Relationship between the Smoking Polygenic Scores and the Summary Standardized
Index of Health Accounting for Parental and Spousal Variables

Full Sample Ever Smoker Sample Never Smoker Sample
1) 2 ®3) 4) (5) (6) (M) ®) ) (10) 11 (12)
CPD Score 0.030* 0.027***  0.028** 0.025"* 0.030** 0.027*** 0.030** 0.025"* 0.029"* 0.028"* 0.025"** 0.024***
(0.006)  (0.006)  (0.006)  (0.006) (0.008) (0.008)  (0.008) (0.008) (0.008) (0.008) (0.008)  (0.008)
Initiation Score 0.015*  0.012**  0.009 0.007 0.005 0.006 -0.001 0.001  0.029** 0.022*** 0.024** 0.018**
(0.006)  (0.006)  (0.006)  (0.006) (0.008) (0.008)  (0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
Spouse’s CPD Score 0.022**  0.020"** 0.020*  0.018"* 0.023**  0.022"*
(0.006)  (0.006) (0.008)  (0.008) (0.008)  (0.008)
Spouse’s Initiation Score 0.001 -0.002 0.007 0.005 -0.005 -0.008
(0.006)  (0.006) (0.008)  (0.008) (0.009)  (0.009)
Parental Controls No Yes No Yes No Yes No Yes No Yes No Yes
Spouse’s Full Smoking Controls No No Yes Yes No No Yes Yes No No Yes Yes
Spouse’s Principal Components No No Yes Yes No No Yes Yes No No Yes Yes
Full Smoking Controls Yes Yes Yes Yes Yes Yes Yes Yes No No No No
Standard Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Principal Components Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sample Mean -0.035  -0.035  -0.035  -0.035 0.004 0.004 0.004 0.004 -0.085  -0.085  -0.085  -0.085
N 21,357 21,357 21,357 21,357 11,888 11,888 11,888 11,888 9,469 9,469 9,469 9,469
R? 0.128 0.145 0.159 0.174 0.172 0.188 0.212 0.227 0.088 0.108 0.150 0.168

Note: Each column presents results from a separate regression where the outcome is the summary standardized
health index. Results are presented for the full sample and then separately for ever smokers and never smokers, and
we only include individuals in couples where both members are aged 50-65 and genotyped. In all specifications, we
include the standard controls and the genetic principal components described in Section 4, and for the full sample
and ever smoker sample, we always include the full set of smoking controls described in Section 4. In columns (2),
(6), and (10), we add controls for parental smoking, parental risky behaviors, and parental mortality as described in
Section 3.4. In columns (3), (7), and (11), we include the full set of the spouse’s smoking controls and the spouse’s
smoking polygenic scores and their genetic principal components. In columns (4), (8), and (12) we include both
sets of parental and spousal variables. * for p < 0.10, ** for p < 0.05, and *** for p < 0.01.
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Table A7: Robustness of the Relationship between the Smoking Polygenic Scores and the
Summary Standardized Index of Health

Full Sample Ever Smoker Sample Never Smoker Sample
1 2 3) 4) () (6) (1) ®)
Panel A: Using Older Polygenic Scores
CPD Score 0.034**  0.029* 0.024**  0.036"* 0.030** 0.023** 0.031*** 0.024***
(0.005)  (0.005) (0.005)  (0.006) (0.007) (0.007)  (0.006) (0.007)

Initiation Score 0.015™*  0.019**  0.011** 0.003 0.007 0.002 0.020™* 0.023***
(0.004)  (0.005) (0.005)  (0.006)  (0.007) (0.006)  (0.006) (0.007)
Full Smoking Controls No No Yes No No Yes No No
Standard Controls No Yes Yes No Yes Yes No Yes
Principal Components No Yes Yes No Yes Yes No Yes
Sample Mean -0.000 -0.000 -0.000 0.038 0.038 0.038 -0.052 -0.052
N 45850 45850 45,850 26,509 26,509 26,509 19,341 19,341
R? 0.007 0.059 0.111 0.006 0.073 0.138 0.008 0.074
Panel B: Including Additional Smoking Polygenic Scores
CPD Score 0.037*  0.038** 0.032**  0.043**  0.043** 0.034**  0.026*** 0.028**

(0.005)  (0.005) (0.005) (0.006) (0.006) (0.006) (0.006)  (0.006)

Initiation Score 0.018™*  0.028™* 0.016™* 0011*  0016™ 0007  0.014*  0.025"
(0.005)  (0.005) (0.005) (0.007) (0.007) (0.007) (0.006)  (0.007)

Cessation Score 0.017* 0025 0.022* 0.018™ 0.022** 0016* 0019  0.029"**
(0.005)  (0.005) (0.005) (0.006) (0.007) (0.007) (0.006)  (0.007)

Initiation Age Score  -0.025"* -0.011* -0.007 -0.022"* -0.011  -0.007 -0.025"*  -0.006
(0.005)  (0.005) (0.005)  (0.006) (0.007) (0.007) (0.007)  (0.007)

Full Smoking Controls No No Yes No No Yes No No
Standard Controls No Yes Yes No Yes Yes No Yes
Principal Components No Yes Yes No Yes Yes No Yes
Sample Mean -0.000 -0.000 -0.000 0.038 0.038 0.038 -0.052 -0.052
N 45850 45850 45,850 26,509 26,509 26,509 19,341 19,341
R? 0.017 0.072 0.118 0.015 0.083 0.143 0.015 0.083
Panel C: Only Those Aged 5061
CPD Score 0.043**  0.043** 0.036**  0.049**  0.048** 0.038** (0.031*** 0.032*
(0.005)  (0.005) (0.005)  (0.007) (0.007) (0.006) (0.006)  (0.006)
Initiation Score 0.026**  0.034** 0.019**  0.020** 0.023**  0.011  0.020*** 0.028***
(0.005)  (0.005) (0.005)  (0.007) (0.007) (0.007) (0.006)  (0.007)
Full Smoking Controls No No Yes No No Yes No No
Standard Controls No Yes Yes No Yes Yes No Yes
Principal Components No Yes Yes No Yes Yes No Yes
Sample Mean -0.029 -0.029 -0.029 0.010 0.010 0.010 -0.081 -0.081
N 32413 32413 32413 18667 18,667 18667 13,746 13,746
R? 0.014 0.062 0.111 0.014 0.078 0.140 0.010 0.069

Note: Each column within a panel presents results from a separate regression where the outcome is the summary
standardized health index. Results are presented for the full sample and then separately for ever smokers and never
smokers. In Panel A, we use the smoking polygenic scores from The Tobacco and Genetics Consortium (2010). In
Panel B, we include additional smoking polygenic scores from Liu et al. (2019). In Panel C, we present results for
those aged 5061 (i.e., below the early Social Security retirement age). * for p < 0.10, ** for p < 0.05, and *** for
p < 0.01.
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Figure Al: Relationship between Smoking Polygenic Scores and the Summary Standardized
Index of Health
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Note: Panel (a) shows the non-parametric (lowess) relationship between the smoking initiation score and the
summary standardized index of health for the full sample, ever smokers, and never smokers. Panel (b) shows the

non-parametric (lowess) relationship between the CPD score and the summary standardized index of health for the
full sample, ever smokers, and never smokers.
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