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Abstract

The extent to which heavy smoking and early retirement are causally related remains to be
determined. To overcome the endogeneity of heavy smoking behaviour, we employ a novel
approach by exploiting Mendelian Randomisation and use genetic predisposition to heavy
smoking, as measured with a polygenic risk score (PGS), as an instrumental variable. A total
of 3578 participants from the English Longitudinal Study of Ageing (mean age 64.41 years)
had data on smoking behaviour, employment and a heavy smoking PGS. Heavy smoking was
indexed as smoking at least 20 cigarettes a day. Early retirement was classified as retiring
before state pension age. Our results show that being a heavy smoker increases significantly
the probability of early retirement (3= 0.635, standard error = 0.209, p < 0.001). Results were
robust to a battery of robustness checks and a falsification test. Overall, our findings support a
causal pathway from heavy smoking to early retirement.

Keywords: Smoking; Early Retirement; Polygenic Risk Scores; Instrumental variable;

Mendelian Randomisation



1. Introduction and Motivation

Smoking is widely known to be damaging to health. It greatly increases the risk of various
cancers, cardiovascular and respiratory diseases (ASH, 2020; Murray, 2014), and remains the
leading preventable cause of morbidity and mortality in the United Kingdom (UK) (ASH,
2020). Although there is no risk-free level of smoke exposure, research suggests that heavy
smokers have a particularly elevated risk of negative smoking-related health outcomes
(Murray, 2014).

There is increasing interest in the link between health and labour market outcomes, as
observational research from Europe and North America indicates that poor health is a key
predictor of labour force exit (Fisher et al., 2016; Round, 2017). Pooled evidence from 29
longitudinal studies suggests that poor health is a risk factor for exit from paid employment
through disability pension, unemployment and early retirement (van Rijn et al., 2014). Early
retirement represents a considerable economic challenge as governments pursue policies to
extend working lives in an attempt to improve the financial sustainability of pension schemes
(OECD, 2019). Therefore, there is a need to understand the health-related determinants of early
retirement. As health behaviours, such as smoking, are modifiable (Hackett et al., 2018; West
et al., 2015), it is crucial to understand how they influence early retirement from the labour
force.

In the UK, an estimated 7.8% of those aged 65 and older smoke and these smokers are less
likely to be economically active than non-smokers (Office for National Statistics, 2020).
Emerging longitudinal evidence suggests that smoking may be a predictor of early exit from
the labour force. Occupational cohort data indicates that there is a dose-response relationship
between the number of cigarettes smoked per day and early disability retirement in German
construction workers (Claessen et al., 2010; Rothenbacher et al., 1998). Evidence from more
representative Scandinavian general population cohorts further suggests that smoking is
associated with increased risk of being granted a disability pension (Haukenes et al., 2013;
Husemoen et al., 2004; Lallukka et al., 2015). Heavy smoking was the most robust predictor
of disability retirement in one study (Lallukka et al., 2015) but similar associations were only
seen in those aged under 60 (Husemoen et al., 2004) and in women only (Haukenes et al., 2013)
in other studies. While data from 11 European studies found no overall association between
current smoking and exit from the labour market with a disability pension over 4-year follow-
up (Robroek et al., 2013). Sensitivity analyses found that smoking was only significantly

related with labour market exit in Scandinavia, but not in other regions.



Although these studies have collected data across several years and have assessed smoking
and the subsequent occurrence of retirement, the possibility of reverse causality, whereby
retirement could influence smoking behaviour, cannot be ruled out. A recent review that
included 14 longitudinal studies investigating the influence of retirement on smoking had
mixed findings, with decreased smoking as well as no effect on smoking mainly reported (Xue
et al., 2020). In contrast, 2 studies reported retirement was associated with an increased
probability of smoking (Xue et al., 2020), including analysis of almost 12,000 individuals from
the US-based Health and Retirement Study (Ayyagari, 2016).

Another limitation of multivariable conditional correlational analyses is that they are subject
to residual confounding. For example, the association between smoking and labour market exit
may be due to confounding by socio-economic status (Pietikainen et al., 2011). The findings
of earlier studies have been attenuated by the inclusion of indicators of socio-economic status,
such as education and occupation (Bengtsson and Nilsson, 2018; Haukenes et al., 2013;
Husemoen et al., 2004; Lallukka et al., 2015). However, some important confounders, such as
household income which is a robust indicator of socio-economic status in older adults (Steptoe
et al., 2013), were not accounted for in these studies. In turn, the omitted variable may have
also contributed to the potential confounding.

Another possibility is that there may be confounding by other health behaviours as health
behaviours tend to cluster (Mawditt et al., 2016), such that those who smoke are more likely to
be physically inactive than those who do not smoke. Two previous studies (Eriksen et al., 1998;
Lallukka et al., 2015) found that current smoking was only predictive of disability pension risk
in those who were less physically active. This offers the possibility that smoking is an indicator
of a number of other health-related factors that increase the likelihood of exit from the labour
market, rather than a causal predictor of retirement in of itself.

To resolve these issues, investigators have turned to more sophisticated approaches to
analyse the available observational data. Genetic factors influence smoking behaviour (Maes
et al., 2004; Tobacco and Genetics Consortium, 2010) and several studies have attempted to
account for unobserved factors related to family background by using sibling and twin pair
designs. The largest study to date estimated the impact of smoking on disability retirement in
over 80,000 Swedish sisters (Bengtsson and Nilsson, 2018). The authors found a strong
association between current smoking and disability retirement. This was attenuated but
remained significant when accounting for sibling effects. The relationship between heavy

smoking and disability retirement was also assessed in the study. Significant associations were



detected in analyses accounting for sibling effects but reverted towards the null when education
and occupation were included in models.

Earlier work using the Finnish Twins Cohort had the advantage of including both male and
female participants and may have been more fully able to account for in the influence of genetic
and shared environmental factors in the link between smoking and disability retirement
(Korhonen et al., 2015; Koskenvuo et al., 2011; Ropponen et al., 2013). One of these studies
investigated smoking and disability retirement for any condition (Korhonen et al., 2015) rather
than for retirement due to particular diseases (Koskenvuo et al., 2011; Ropponen et al., 2013).
This analysis of almost 22,000 participants found a dose response relationship between the
number of cigarettes smoked and the likelihood of receiving a disability pension in men and
women. This association was replicated in analyses within twin pairs discordant for the
outcome (i.e., one twin got the pension, and the other did not). This provides additional
evidence that heavy smoking could be a causal contributor to the chance of receiving a
disability pension.

Although studies using a familial design are likely to come closer to causal estimates of the
impact of smoking on disability retirement, we cannot be certain all relevant factors have been
accounted for (e.g., aspects of the home environment that might influence smoking behaviour
or access and use of social (pension) services). Further those who are part of a twin pair or have
siblings may differ from those who are only children.

Technological advances, such as the advent of genome-wide association studies (GWAS)
has made it possible to investigate genetic variants across the entire genome for association
with various traits measured on unrelated individuals (Dudbridge, 2013). GWAS aim to
identify individual genetic markers which are significantly linked with a trait of interest.
However, many complex traits are polygenic in nature, implying their onset cannot be
attributed to the independent contributions of individual genetic markers, but rather to the
combined additive effects of multiple common genetic traits (So and Sham, 2017). Heavy
smoking is one such ‘polygenic’ trait (Tobacco and Genetics Consortium, 2010). This has led
to the creation of polygenic scores (PGS), which reflect the mathematical aggregate of risk
conferred by many genetic variants of small effect into a single continuous score that represents
an individual load for the common variants associated with a particular trait.

PGS of robust genetic variants associated with heavy smoking have been developed in the
English Longitudinal Study of Ageing (ELSA; Ajnakina and Steptoe, 2019). This offers the

possibility of a using Mendelian Randomisation approach (Davey Smith and Hemani, 2014),



whereby genetic predisposition to heavy smoking can be used an instrumental variable to test
the inferred causality of heavy smoking on early retirement.

The current study will take this novel form of instrumental variable (V) analysis that is
beginning to be applied in the field of health economics (Dixon et al., 2020). We will use heavy
smoking-related genetic variants (PGS) as an unconfounded IV for heavy smoking behaviour.
The rationale for our approach is that as different smoking-associated genotypes are randomly
allocated at conception, the associations of smoking-related variants with early retirement
should be free of confounding and reverse causation. In principle this approach will avoid the
limitations of both multivariable conditional correlational analyses (smoking predicting early
retirement adjusting for confounders) and analyses accounting for familial effects. We will test
the hypothesis that heaving smoking is a casual factor leading to early retirement, using PGS
as an instrument in a community dwelling sample of middle-aged and older adults living in
England

Employing ELSA data, our two-stage least squares estimates reveal that heavy smokers are
significantly more likely to retire before achieving state pension age than their light smoking
counterparts. Specifically, our estimates suggest that individuals who smoke more than 10
cigarettes a day have a 61% increased probability of retiring before state pension age than those
who smoke less than this. These estimates are robust to the inclusion of various control
variables (e.g., age, income, and education), the inclusion of individual smoking genes, as well
as different definitions of being a “heavy smoker”. Notably, to strengthen the validity of our
approach, we propose a falsification test using a sample of non-smokers which supports the
causal interpretation of our findings.

The paper proceeds as follows: Section 2 introduces the data source and includes descriptive
statistics. Section 3 describes the methods. Section 4 presents the results and Section 5 is the

conclusion.

2. Data

2.1 Study cohort

In this study, we use data from ELSA, which is a large-scale longitudinal panel study of
people aged 50 and over, and their partners, living in private households in England. The
original sample was drawn in 2002-03 (Wave 1) from households that had previously
responded to the Health Survey for England (HSE). Every two years, the sample is surveyed

to measure changes in their health status, in their economic conditions, and in their social



circumstances. The latest available wave of data collection took place in 2018-19 (Wave 9). In
order to increase the power of our study, we pooled every available wave of data (Wave 1 -
Wave 9).

Importantly for our investigation, ELSA provides PGS data for a number of behavioural,
emotional and health-related phenotypes. Specifically, ELSA participants of European
ancestry were genotyped in 2013/14, using the Illlumina HumanOmni2.5 Bead-Chips
(HumanOmni2.5-4v1, HumanOmni2.5-8v1.3).! Principal components analysis was performed
to investigate population structure, and ten principal components were retained to account for
any ancestry differences in genetic structures (Price et al., 2006). A total of 7183 samples and
1,372,240 genetic variants remained after quality control.

In this study, we are specifically interested in the PGS for heavy smoking behaviour, which
was informed by the GWAS summary statistics from the Tobacco and Genetics (TAG)
Consortium (Tobacco and Genetics Consortium, 2010). The calculation of this score has been
described in detail elsewhere (Ajnakina et al., 2020; Ajnakina and Steptoe, 2019). In brief, this
PGS represents the weighted sum of cumulative genetic risk for heavy smoking, calculated by
aggregating multiple individual loci associated with number of cigarettes per day across the
human genome and weighting them by their corresponding effects sizes derived from the TAG
summary statistics. The resulting continuous PGS for number of cigarettes per day can be
thought to measure the genetic predisposition towards heavy or light smoking. To ease
interpretation of the results, the PGS was standardised (N~(0,1)), and its distribution is
depicted in Figure A.1 in the Appendix. In sensitivity analyses, we additionally assessed
CHRNAS5 rs16969968 and CHRNA3 rs10417309 allele carrier status as 1Vs, as a large genetic
component of heavy smoking has been attributed to these variants (Leung et al., 2015).

Our outcome variable of interest is early retirement. We defined this variable as a dummy
which equals to unity (1) if the individual retired before reaching state pension age, and zero

otherwise. In line with UK pension regulations, for ELSA waves before 2010 (Waves 1-4) we

LA full quality control protocol has been described in https://www.elsa-project.ac.uk/genetics. Briefly,

individuals with suspected non-European ancestry and heterozygosity scores >3 standard deviations from the
mean were removed. Furthermore, initial quality control measures were conducted to test for duplicates and
missingness of more than 2% of the genotype data. Single Nucleotide Polymorphisms (SNPs) with a call rate of
<98%, a minor allele frequency of <0.01%, and Hardy-Weinberg Equilibrium p values of <10—4 were excluded.
Non-autosomal markers were also removed, as well as regions known to contain clusters of highly correlated

SNPs, as these can bias the analyses.


https://www.elsa-project.ac.uk/genetics

considered state pension age to be 65 and 60 for the sample of men and women, respectively,
and considered state pension age to be 65 for both men and women after 2010 (Waves 5-9).

The key regressor of interest is a dummy which identifies heavy smokers. In line with the
World Health Organization definition of heavy smoking we coded this variable to take the
value of one for individuals who reported smoking at least twenty cigarettes per day.? We
included a number of covariates in our analyses. Age was measured in years and was entered
as both a continuous variable as and as a quadratic term (age?) to account for the non-linear
influence of age on early retirement. Gender was coded as binary (male/female). Education
was coded as a binary variable based on whether an individual had obtained a higher education
qualification. Marital status was entered as a binary variable (married vs divorced, separated,
widowed, never married). Family size was measured as the number of people belonging to the
household. Finally, household income was measured using the log-yearly equivalised
disposable real household income deflated using the Consumer Price Index with baseline 2005
=100.

[TABLE 1 HERE]

2.2 Characteristics of the sample

The characteristics of the sample of interest are summarised in Table 1. As we were
specifically interested in smoking behaviour, namely heavy versus light smoking, we restricted
the sample to always smokers. After excluding non-smokers and observations with missing
values on the variables used in the analysis, our final study sample size was 3578 observations.

Table 1 shows that in our sample of smokers, 31 percent reported being a heavy smoker,
and that on average the participants smoked around 0.7 packs of cigarettes per day. In terms
of sociodemographic characteristics, the average age in the sample was 64.4 years (standard
deviation (SD) = 8.57).3 The majority of the sample were female (66 percent) and married (56
percent), and the average household size is around 2 (mean= 1.94; SD=0.94). Few participants
in the sample (8 percent) reported having obtained higher education. Finally, the (log-
equivalised) household income was 5.45 (SD=0.71).

2 In Table A.6, in the Appendix, we show that the results are consistent when using different cut points for
heavy smoking (between 12 and 20 cigarettes a day)
3 Individuals aged below 50 are partners of main participants.

4 Table A.1. in the Appendix reports the difference between heavy and light smokers on these key variables.
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3. Methods

In what follows, we show the effect of heavy smoking on early retirement, as a benchmark,
by means of the naive estimator, and then we present estimated effects of the IV approach that

overcomes the potential omitted variable bias.

3.1 Naive Estimator

Let R; be the outcome variable of interest taking the value of one if individual i has retired
before reaching state pension age and let H; be an indicator function taking the value of one
for heavy smokers. We first estimate the effect of heavy smoking on early retirement by means

of the following naive regression model:

Ri=a+,6'Hl-+X;)/+ei (1)

In this context, £ is the main term of interest, as it measures the effect of heavy smoking on
early retirement. X; is a set of covariates that might affect the early retirement as described in
Section 2. Additionally, we include a set of regional and time fixed effects to account for
regional differences in retirement and macroeconomic differences between waves. Finally, ¢;
is the random error term.

However, the reliability of these estimates rests on the conditional independence
assumption, that is, conditional on the vector of covariates we control for, X;, the error term is
uncorrelated with the regressor of interest, namely, E[¢;|H;, X;] = 0. This may be too strong
an assumption. In the context of our study, for example, it is plausible that because of the
impact of smoking on health, heavy smokers have systematically poorer health. In this case a
naive comparison of early retirement could lead to an overestimation of the true causal effect.
On the other hand, the effect may be underestimated if heavy smokers are those more work

orientated and less likely to early retire. In the following analyses we address this issue.

3.2 Instrumental Variable (1) Approach

In an ideal experiment, given a sample of smokers, we would randomly assign a group of
individuals to a heavy smoking regime (> 20 cigarettes per day) and assign the remaining to a
light smoking regime (<20 cigarettes per day), and observe differences in early retirement
between the two groups. While such experiment is not feasible for ethical reasons, our IV

approach mimics this ideal experiment by exploiting a Mendelian Randomisation framework.
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The key idea of our approach is that, at conception, different heavy smoking-associated
genotypes are randomly allocated to offspring. Accordingly, individuals can be characterised

by their level of genetic predisposition toward heavy smoking.

[FIGURE 1 HERE]

In Figure 1, we present graphical evidence of the relationship between the heavy smoking
PGS and actual heavy smoking behaviour. The Figure shows a strong and positive relationship
between the PGS and the number of cigarettes smoked per day. This observation is in line with
the idea that a great level of these genetic variants (as indexed by the PGS) are strongly
associated with the number of cigarettes smoked per day.

The main assumption an 1V must satisfy is exclusion restriction, namely the instrument
should not have any direct effect on the outcome variable of interest but should only have an
effect through the main regressor. In our case, exclusion restriction is threatened if the same
genetic variants associated with heavy smoking have either a direct effect on early retirement
or have an effect toward other lifestyle behaviours that can, in turn, affect the decision to retire
before reaching state pension age.

To address this concern, in Table 2 we provide evidence that this is unlikely to be the case
by running a series of models of PGS on key psychosocial factors and lifestyle behaviours that
could potentially be linked to early retirement, namely: (1) Quality of life, as measured by the
Control, Autonomy, Self-Realization and Pleasure (CASP) 19 scale (Hyde et al., 2003); (2)
Physical function, as measured using a 10-item Body Mobility Index (Steel et al., 2002) ; (3)
depressive symptoms, as measured by the Centre for Epidemiological Studies — Depression
(CES-D) scale (Radloff, 1977); Executive function, as measured with a verbal fluency test: (5)
drinking behaviour, defined as whether an individual reported drinking alcohol every day; and
finally (6) sedentary behaviour, as measured by whether the individual reports not doing any
type of physical activity on a regular basis. The results in Table 2 report that the estimated
coefficients are all statistically indistinguishable from 0. This is consistent with the idea that,
the heavy smoking genetic variants (indexed by the PGS) only affect heavy smoking behaviour,

and no other psychosocial and behavioural factors assessed here.

[TABLE 2 HERE]

10



Overall, these pieces of evidence suggest that the PGS is a valid instrument that can be used
in our setting, and in what follows we provide further evidence of this. To see our identification
strategy analytically, let P; denote the PGS of individual i; we estimate a standard two-stage

least squares (2SLS) with the following model:

Ri =a+ﬁﬁi+Xi'y+£i (3)

Where H; is the heavy smoking dummy as predicted from Equation (2), namely the first
stage. As above, X; is a vector of covariates and y its vector of associated coefficients. These
include the same control variables as before. Importantly, in addition we now include a set of
10 genetic principal components, in order to take into account the potential confounding effect
of genetic ancestry. Finally, v; is the error term, uncorrelated with &;, namely E|e;, v;| Z;, X;]=
0. We cluster the standard error at the individual level because some individuals appear in the

regression in multiple time periods, but results are consistent when using different cluster types.

4. Results

4.1. Main Results

Table 3 shows naive estimates of the effect of heavy smoking on early retirement based on
Equation (1). In Column (1), we report the unconditional effect of heavy smoking on early
retirement. In Column (2), we include the full set of covariates as described above. In Columns
(3) and (4), we include time and region fixed effects, respectively. According to the naive
estimator, the results suggest that on average, heavy smokers are less likely to retire before
reaching state pension age than their light smoking counterparts. As mentioned above,

however, these estimates are likely to suffer from omitted variable bias.

[TABLE 3 HERE]

In Table 4 we report estimates coming from our IV approach. In Panel A we report estimates
of the effect of the PGS on the probability of being a heavy smoker, and in Panel B we report
our 1V estimates on the effect of heavy smoking behaviour on early retirement. As above, we

show that our results are robust to the inclusion (or exclusion) of different control variables
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from the model. Specifically, for each Panel, in Column (1), we report the unconditional effect
of heavy smoking on early retirement (unadjusted analyses). In Columns (2), we include the
full set of covariates as described above. In Columns (3), we include time and region fixed
effects, and in Column (4) we include the principal components to account for genetic ancestry.

Consistent with Figure 1, Panel A of Table 4 supports a strong and significant first stage.
Specifically, the estimated coefficient in Column (4) implies that if an individual were to be
reassigned a PGS one standard deviation larger, the probability of being a heavy smoker would
increase by 3.8 percent (= 0.038, standard error = 0.08, p < 0.001). This is in line with the
notion, that individuals with a higher genetic predisposition towards heavy smoking are more
likely to be classified as heavy smokers than their light smoking counterparts.®

In Panel B of Table 4 we report the main findings of the paper.® The Table reports a strong
effect of heavy smoking behaviour on the probability of early retirement. The estimated
coefficient in Column (4), our preferred specification, implies that heavy smokers are around
63.5 percent more likely to retire before state pension age than their light smoking counterparts
(B=0.635, standard error = 0.209, p < 0.001). These findings suggest that the naive estimates
were suffering from a significant omitted variable bias. Overall, our findings provide evidence

of a strong and negative effect of heavy smoking behaviour on early retirement.

[TABLE 4 HERE]

4.2. Sensitivity Analysis and Placebo

Our results are robust to a battery of checks, including the inclusion/exclusion of a number
of different covariates, as well as different cut-points used to classify heavy smokers (e.g., >10
cigarettes a day rather than >20 cigarettes a day, as in our main analysis, see Table A.6 in the
appendix). In addition, In Table 5 we report two further robustness checks in Panel B and C,
while in Panel A we present the benchmark estimates (the results from our main analysis) for
reference. In Panel B, we present the sensitivity analyses of our estimates when we include
additional genes that have been linked to smoking, namely the CHRNA3 and the CHRNAS
gene, as instruments in the analysis.” As can be seen in the results are slightly attenuated but

remain similar. In Panel C, we show that our results are directionally consistent when we

5 Table A.2 in the Appendix reports the full table.
& Table A.3 in the Appendix reports the full table
" Table A.4 in the Appendix reports the full table.
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consider the number of packs of cigarettes smoked per day as main regressor of interest, as
opposed to the binary indicator for heavy smoking (>20 or more cigarettes per day vs < 20

cigarettes per day).

[TABLE 5 HERE]

In order to further strengthen the validity of our results, we conclude this section by
reporting the results of a falsification test. As mentioned above, the main threat to our
identification is that exclusion restriction criteria are not satisfied, namely that the heavy
smoking PGS could have an effect on early retirement through channels other than heavy
smoking behaviour. A natural falsification test is to look at the sample of non-smokers.
Specifically, if exclusion restriction is satisfied, we should not observe any direct effect of the
PGS on early retirement for the sample of non-smokers. Table 6 reports the results of this
exercise. In each Column of the Table, the estimated coefficients are all statistically
indistinguishable from 0 and suggesting that exclusion restriction criteria is satisfied in our

setting and, consequently, support a causal interpretation of our findings.

[TABLE 6 HERE]

5. Conclusion

To the best of our knowledge, this is the first study to investigate the link between heavy
smoking and early retirement using a Mendelian Randomisation approach. We used genetic
predisposition to heavy smoking (indexed by a PGS) as an IV to test the inferred causality of
heavy smoking on early retirement. We found in our community dwelling sample of adults
living in England that heavy smokers are significantly more likely to retire before reaching
state pension age than their light smoking counterparts. Specifically, our results suggest that
middle aged and older adults who smoke 20 or more cigarettes a day have a 63.5% increased
likelihood of early retirement than those who smoke less than this. These findings were robust
to adjustment for range of covariates including age, gender, marital status, household size,

education, household income and genetic ancestry. Sensitivity analyses applying different cut-

8 Table A.5 in the Appendix reports the full table.
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points for heavy smoking and the inclusion of individual variants related to smoking behaviour
did not change the pattern of results.

The rationale behind our chosen method was that as different smoking-related genetic
variants are randomly allocated at conception, the association between the heavy smoking PGS
and early retirement should be free of reverse causation and confounding. Our heavy smoking
PGS, met the assumptions required for an IV analysis. Firstly, the PGS was strongly and
positively associated with heavy smoking behaviour in the sample. Secondly, our outcome,
retirement before state pension age, cannot plausibly affect the allocation of smoking-related
genetic variants. This meant our IV analysis was more protected from reverse causality than
conventional correlational analyses (i.e., heavy smoking behaviour predicting early
retirement). The final assumption an IV must satisfy is exclusion restriction, namely that except
for its association with the risk factor of interest, there is no other pathway linking the IV with
the outcome of interest. In the current study, exclusion restriction would be threatened if the
heavy smoking PGS effected health behaviours (other than heavy smoking) or psychosocial
factors that could, in turn, influence the decision to take early retirement. This assumption was
also met, as our PGS was not associated with health behaviours such as alcohol consumption
and sedentary behaviour or psychosocial factors such as depression and poor quality of life,
which could influence the decision to retire early. Further, the observation from our natural
falsification test, that the heavy smoking PGS does not impact early retirement for non-
smokers, supports the notion that the exclusion restriction assumption was met.

Our results add to existing observational evidence that has assessed whether smoking
behaviour is a predictor of labour market exit. The majority (Claessen et al., 2010; Haukenes
et al., 2013; Husemoen et al., 2004; Lallukka et al., 2015; Rothenbacher et al., 1998), but not
all (Robroek et al., 2013) previous studies report a positive association between the number of
cigarettes smoked daily and early exit from the labour force. However, it is possible that these
findings may be at least partially confounded by socio-economic status (Pietikdinen et al.,
2011), as attenuation by education and occupation was commonly reported (Haukenes et al.,
2013; Husemoen et al., 2004; Lallukka et al., 2015). Confounding by other health behaviours
might also be an issue, as two earlier studies (Eriksen et al., 1998; Lallukka et al., 2015) found
that smoking was only associated with disability pension risk in participants who were
physically inactive. This might suggest that smoking is an indicator of other health-related
factors (Mawditt et al., 2016), that increase the probability of early exit from the labour market,
rather than a causal predictor in of itself. The results of the current analysis are less likely to be

influenced by confounding due to measures of socioeconomic status and physical inactivity
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due to our novel IV methodology. Our findings were robust to adjustment for education and
household income and our IV (heavy smoking PGS) was only associated with early retirement
through smoking behaviour and was not associated with sedentary activity.

Several studies have specifically assessed heavy smoking in relation to retirement with
a disability pension (Haukenes et al., 2013; Husemoen et al., 2004; Lallukka et al., 2015). A
study of over 6000 Finnish adults found that heavy smoking women and men (classified as
those smoking more than 15 or 20 cigarettes per day, respectively) had an increased risk of
disability retirement (Lallukka et al., 2015). However, in other heavy smoking studies similar
associations were only observed in those aged under 60 (Husemoen et al., 2004) and in women
alone (Haukenes et al., 2013). The results of our current analysis were robust to adjustment for
age and gender and are less likely to be impacted by this type of confounding due to the IV
approach undertaken. Taken together, the findings of the current study add to the existing
observational literature by demonstrating that the association between heavy smoking
behaviour and early retirement is likely to be causal.

We are not the first study to use unobserved genetic factors in an attempt to improve
understanding of the relationship between smoking and labour market exit. A Swedish study
of 80,000 sisters (Bengtsson and Nilsson, 2018) found an association between current smoking
and disability retirement when taking sibling effects into account. The authors also assessed
the relationship between heavy smoking and disability retirement. Significant associations
were detected when accounting for sibling effects but reverted towards the null when education
and occupation were included in models. The authors state that the measures of socio-economic
status and marital status in their study could have been influenced by smoking. The results of
the current study are less likely to suffer from this issue, as the genetic variants for heavy
smoking allocated at conception which inform our analyses are unlikely to influence
subsequent socio-economic status or marital status. Another possibility is that an omitted
variable may have contributed to the reported confounding. For example, household income
which is a reliable indicator of socio-economic status in older adults (Steptoe et al., 2013) was
not controlled for in this Swedish study (Bengtsson and Nilsson, 2018). In the present analysis,
our results were robust to adjustment for education, marital status, and household income, and
were less likely to have been influenced by omitted variable bias due to the IV approach
employed.

Our findings are in agreement with earlier work from the Finnish Twins Cohort,
whereby an analysis of almost 22,000 men and women found a dose response relationship

between the number of cigarettes smoked and the probability of receiving a disability pension
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(Korhonen et al., 2015). This result was replicated in analyses within twin pairs discordant for
the outcome (i.e., one twin got the pension, and the other did not), which suggests that heavy
smoking is likely a causal contributor to the chance of receiving a disability pension. The results
of the present study add to this casual evidence by demonstrating an association between heavy
smoking and early retirement in unrelated individuals.

Our study needs to be assessed in light of its strengths, policy relevance and
weaknesses. In terms of strengths, firstly, studies examining smoking and early retirement in
the context of genetics are limited, and thus our results contribute to an important, yet sparse,
literature. Secondly, Mendelian Randomisation is a powerful control for confounding and
reverse causation, which often impede studies with a prospective observational design. Thirdly,
our results reflect lifelong exposure to heavy smoking genetic variants rather than the
temporary effect of current light or heavy smoking captured in observational studies, based on
the assumption that the association between genetic variations and the relative effect of heavy
smoking does not change with age (Bengtsson and Nilsson, 2018; Dixon et al., 2020; Holmes
and Smith, 2017).

Our results are likely to be policy relevant as smoking is a leading cause of poor health
(ASH, 2020; Murray, 2014) and in tandem early retirement represents a considerable economic
challenge for the financial sustainability of pension schemes (OECD, 2019). The rationale
behind the increased statutory pension age is that longer life expectancy will enable people to
extend their working lives (OECD, 2019). However, as poor health is a key predictor of labour
market exit (Fisher et al., 2016; Round, 2017) there is a need to understand health-related
determinants of early retirement, particularly those of which are amenable to change. Our study
provides novel evidence that heavy smoking is likely a causal factor influencing retirement
before state pension age. As smoking is a potentially modifiable behaviour (Hackett et al.,
2018; West et al., 2015), this suggests that policies targeting reductions in smoking could
plausibly reduce rates of early retirement (amongst other impacts on morbidity and mortality).

Our results reflect the average lifetime effects of heavy smoking (randomly determined
at conception) rather than current smoking, so allow for the possibility that individuals could
quit smoking as they age. It is possible that workers may be willing to change their health
behaviours if they expect to retire later (Bertoni et al., 2018) and policy research on extending
working lives recommends that health interventions be integrated to the workplace (Round,
2017). Most adults spend a large proportion of their time at work, and activities that start before
workers are considering retirement are thought to be particularly effective as they allow healthy

habits to develop and be maintained (Loeppke et al., 2013). Our findings also add justification
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for policymakers’ attempts to reduce smoking through smoking bans in public places (such as
restaurants, bars, theatres, and cinemas) where adults may spend their leisure time.

This study is not without limitations. Although the ELSA sample is representative of
the English population, the wider generalisability of genetic studies across populations is
limited (Martin et al., 2019). This is because the method for computing PGS depends on
summary statistics from GWAS focused almost exclusively on participants of European
ancestry. By design, PGSs do not capture other structural variants beyond common genetic
markers of relatively small effects, such as rare variants, poorly tagged or multiple independent
variants, gene-by-gene interactions and gene-environment correlation (Reynolds and Finkel,
2015). Further, our measure of retirement before state pension age was based on self-report
data rather than linkage with official records, although self-reported and register pension data
are reported to have good concordance (Svedberg et al., 2010). Similar studies should be
replicated with larger sample sizes, across multiple ancestries and should include linkage to
pension records to improve our understanding of the association between heavy smoking and
early retirement.

In summary, to our knowledge this is the first study to adopt a MR approach to examine
the association between heavy smoking and early retirement. Although our study does not
provide a definitive answer to the complexities in the relationship between smoking and
retirement before state pension age, it adds a novel component to an emerging literature using
genetically sensitive designs and suggests that the relationship between heavy smoking and

early retirement is likely causal.
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Tables and Figures
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Table 1: SUMMARY STATISTICS OF PARTICIPANT CHARACTERISTICS

Mean S.D. Min Max
Key Variables:
Early Retired [0,1] 0.31 0.46 0 1
Heavy Smoker [0,1] 0.31 0.46 0 1
Packs Smoked per day 0.70 0.42 0 3
PGS for Heavy Smoking 0.05 0.97 -3 3
Socio-Demographics:
Years of Age 64.41 8.57 40 89
Female [0,1] 0.66 0.47 0 1
Higher Education [0,1] 0.08 0.27 0 1
Married [0,1] 0.56 0.50 0 1
Household Size 1.94 0.94 1 11
Log of Household Income 5.45 0.71 -2 10
Observations 3578

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.
Note: The table reports summary statistics of the main variables of interest.

Figure 1: GRAPHICAL EVIDENCE
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Note: The Figure reports the raw relationship between the polygenic score and smoking behaviour. Slope coefli-
cient: 0.96; Standard Error 0.146.



Table 2: EFFECT OF POLYGENIC SCORES ON DIFFERENT OUTCOMES

(1)

(2)

(3)

(4)

(5)

(6)

Quality Body Mobility CES Executive
of Life Index Depression  Function  Drinker [0,1] Sedentary [0,1]
PGS for Heavy Smoking -0.081 0.018 -0.003 0.036 0.002 0.009
(0.168) (0.048) (0.037) (0.039) (0.008) (0.009)
Covariates:
Years of Age 0.635%* 0.064 -0.101%* 0.024 -0.023* -0.038***
(0.271) (0.069) (0.058) (0.058) (0.012) (0.013)
Years of Age Sq. -0.005** -0.000 0.001* -0.001 0.000** 0.000%**
(0.002) (0.001) (0.000) (0.000) (0.000) (0.000)
Female [0,1] 0.215 0.704*** 0.488*** -0.086 -0.064%** 0.067***
(0.334) (0.094) (0.074) (0.079) (0.016) (0.017)
Higher Education [0,1] 1.446** -0.553%** -0.232%* 0.402%** 0.194%** -0.065%*
(0.602) (0.153) (0.129) (0.140) (0.034) (0.028)
Married [0,1] 2.499*** -0.451%** -0.618%** 0.062 0.006 -0.085%**
(0.405) (0.108) (0.087) (0.088) (0.017) (0.020)
Household Size -0.317 0.051 -0.005 -0.007 -0.027%** 0.033***
(0.231) (0.059) (0.046) (0.048) (0.008) (0.011)
Log of Household Income 1.949%** -0.265%** -0.295%*** 0.262%** 0.038*** -0.038***
(0.272) (0.070) (0.057) (0.059) (0.011) (0.012)
Time FE v v v v v v
Region FE v v v v v v
Principal Components v v v v v v
Observations 2949 3578 3534 3223 3216 2717

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.

Note: The table reports estimates of the effect of the polygenic score on different key factors and lifestyle behaviours that
can be potentially linked to early retirement, namely: (1) Quality of life, as measured by the Control, Autonomy, Self-
Realization and Pleasure (CASP) 19; (2) Physical function, as measured by a body mobility index; (3) Mental health, as
measured by the Center for Epidemiological Studies — Depression (CES-D) index; Executive function, as measured by the
verbal fluency test: (5) Drinking behaviour, defined as whether an individual reported drinking every day; and finally (6)
Sedentary behaviour, as measured by whether the individual reports not doing any type of physical activity. Standard
errors are clustered at the individual level. * p < 0.1, ** p < 0.05, *** p < 0.01.



Table 3: NAIVE ESTIMATES: THE EFFECT

OF HEAVY SMOKING ON EARLY RETIREMENT

(1) (2) (3) (4)
Heavy Smoker [0,1] -0.055%** -0.038*** -0.038*** -0.022*
(0.016) (0.014) (0.014) (0.013)
Covariates:
Years of Age 0.086%** 0.084*** 0.038%**
(0.010) (0.010) (0.008)
Years of Age Sq. -0.000%** -0.000%** -0.000%**
(0.000) (0.000) (0.000)
Female [0,1] -0.330%** -0.332%** -0.344%%*
(0.014) (0.014) (0.014)
Higher Education [0,1] 0.045* 0.049** 0.050**
(0.024) (0.024) (0.023)
Married [0,1] -0.001 -0.005 0.028**
(0.016) (0.016) (0.014)
Household Size -0.002 -0.000 -0.018%*
(0.008) (0.008) (0.007)
Log of Household Income 0.005 0.008 -0.047%**
(0.009) (0.009) (0.010)
Time FE v v
Region FE v
Observations 3578 3578 3578 3578

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.
Note: The table reports (naive) estimates of the effect of heavy smoking behaviour on early retirement. Specifically, Column
(1) reports the unconditional effect of heavy smoking on early retirement. In Columns (2), we include the full set of cov-
ariates as described in the manuscript, namely age, and its square, gender, marital status, household size, education, and
log of household income. In Columns (3), we include time fixed effects, and in Column (4) we include region fixed effects.

Standard errors are clustered at the individual level. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table 4: IV ESTIMATES: THE EFFECT OF HEAVY SMOKING ON EARLY RETIREMENT

(1)

(2)

3)

(4)

Panel A: First Stage

PGS for Heavy Smoking 0.039*** 0.039%** 0.037*** 0.038***
(0.008) (0.008) (0.008) (0.008)
Observations 3578 3578 3578 3578
Panel B: IV Estimates
Heavy Smoker [0,1] 0.863*** 0.723%** 0.636*** 0.635***
(0.276) (0.223) (0.212) (0.209)
Time FE v v v
Region FE v v
Principal Components v
Observations 3578 3578 3578 3578

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.
Note: The table reports instrumental variable (IV) estimates of the effect of heavy smoking behaviour on early retirement.
In Column (1), we report the unconditional effect of heavy smoking on early retirement. In Columns (2), we include the full
set of covariates, namely age, and its square, gender, marital status, household size, education, and log of household income.
In Columns (3), we include time and region fixed effects (FE), and in Column (4) we include the principal components to
account for genetic ancestry. Standard errors are clustered at the individual level. * p < 0.1, ** p < 0.05, *** p < 0.01.



Table 5: IV ESTIMATES - SENSITIVITY ANALYSIS

(1) (2) (3) (4)
Panel A: Benchmark
Heavy Smoker [0,1] 0.863*** 0.723%** 0.636%** 0.635%**
(0.276) (0.223) (0.212) (0.209)
Observations 3578 3578 3578 3578
Panel B: Additional Genetic Instruments
Heavy Smoker [0,1] 0.691*** 0.623*** 0.568%*** 0.595%**
(0.246) (0.205) (0.195) (0.198)
Observations 3578 3578 3578 3578
Panel C: Outcome Packs of Cigarettes Smoked per day
Packs Smoked p/week 0.711%*** 0.606*** 0.526*** 0.542%**
(0.204) (0.169) (0.158) (0.163)
Time FE v v v
Region FE v v
Principal Components v
Observations 3578 3578 3578 3578

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.

Note: The table reports the sensitivity analysis of the main findings of the study. In Panel A, we report the benchmark
estimates. In Panel B, we include in the analysis additional genetic instruments that have been linked to smoking, namely
the CHRNA3 and the CHRNAS5. Lastly, in Panel C, we consider packs of cigarettes smoked per day as main regressor of
interest, as opposed to the binary indicator for heavy smokers. As above, in Column (1), we report the unconditional effect
of heavy smoking on early retirement. In Columns (2), we include the full set of covariates as described in the manuscript,
namely age, and its square, gender, marital status, household size, education, and log of household income. In Columns
(3), we include time and region fixed effects (FE), and in Column (4) we include the principal components to account for
genetic ancestry. Standard errors are clustered at the individual level. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table 6: FALSIFICATION TEST

) (2)

3)

(4)

PGS for Heavy Smoking -0.002 -0.000 -0.001 -0.001
(0.003) (0.002) (0.002) (0.002)
Covariates:
Years of Age 0.127%** 0.082%** 0.082%**
(0.003) (0.002) (0.002)
Years of Age Sq. -0.001%*** -0.000%*** -0.000%**
(0.000) (0.000) (0.000)
Female [0,1] -0.354%*** -0.361*** -0.361***
(0.004) (0.004) (0.004)
Higher Education [0,1] 0.048%** 0.056%** 0.057%**
(0.006) (0.006) (0.006)
Married [0,1] 0.043*** 0.056*** 0.056***
(0.006) (0.005) (0.005)
Household Size -0.014%** -0.019%** -0.019%**
(0.003) (0.003) (0.003)
Log of Household Income 0.034*** -0.036*** -0.036***
(0.004) (0.004) (0.004)
Time FE v v v
Region FE v v
Principal Components v
Observations 37491 37491 37491 37491

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.

Note: The table reports estimates of the effect of the heavy smoking polygenic score (PGS) on early retirement for the sample
of non-smokers. In Column (1), we report the unconditional effect of heavy smoking on early retirement. In Columns (2),
we include the full set of covariates as described in the manuscript, namely age, and its square, gender, marital status,
household size, education, and log of household income. In Columns (3), we include time and region fixed effects (FE), and
in Column (4) we include the principal components to account for genetic ancestry. Standard errors are clustered at the

individual level. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Appendix

Figure A.1: DENSITY OF THE POLYGENIC SCORE FOR HEAVY SMOKING BEHAVIOUR
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Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.

Note: The figure depicts the distribution of the polygenic score of heavy smoking behaviour.



Table A.1: SUMMARY STATISTICS - HEAVY VS LIGHT SMOKERS

1) (2) 3
Heavy Light
Smokers Smokers p-value
Key Variables:
Early Retired [0,1] 0.27 0.32 0.001
(0.443) (0.468)
Packs Smoked per day 1.19 0.48 0.000
(0.360) (0.223)
PGS for Heavy Smoking 0.17 -0.00 0.000
(0.964) (0.963)
Socio-Demographics:
Years of Age 62.59 65.21 0.000
(7.609) (8.848)
Female [0,1] 0.59 0.69 0.000
(0.493) (0.462)
Higher Education [0,1] 0.08 0.07 0.224
(0.278) (0.260)
Married [0,1] 0.56 0.55 0.744
(0.497) (0.497)
Household Size 2.04 1.89 0.000
(1.084) (0.867)
Log of Household Income 5.42 5.46 0.195
(0.760) (0.681)
Observations 1102 2476 3578

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.

Note: The table compares characteristics of heavy and light smokers. Specifically, in Columns (1) and (2), we compare
characteristics of the two sub-groups, and in Column (3) we report the p-values from a two sided tests which compares the
means of the two groups. Heavy smokers is defined as smoking at least 20 cigarettes per day.



Table A.2: FIRST STAGE - THE EFFECT OF THE POLYGENIC SCORE (PGS) FOR HEAVY SMOKING ON
HEAVY SMOKING BEHAVIOUR - FULL TABLE

(1) (2) 3) (4)

Instrument:
PGS for Heavy Smoking 0.039%** 0.039%** 0.037%** 0.038%**
(0.008) (0.008) (0.008) (0.008)
Covariates:
Years of Age 0.022** 0.030*** 0.029***
(0.011) (0.011) (0.011)
Years of Age Sq. -0.000%** -0.000%** -0.000%**
(0.000) (0.000) (0.000)
Female [0,1] -0.107%%* -0.106%** -0.104%**
(0.017) (0.017) (0.017)
Higher Education [0,1] 0.019 0.025 0.028
(0.030) (0.029) (0.030)
Married [0,1] -0.054%% -0.057#%x -0.059%**
(0.018) (0.018) (0.018)
Household Size 0.032*** 0.033*** 0.033***
(0.010) (0.010) (0.010)
Log of Household Income -0.022%* -0.012 -0.013
(0.011) (0.012) (0.012)
Time FE v v v
Region FE v v
Principal Components v
Observations 3578 3578 3578 3578

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.

Note: The figure reports first stage estimates, namely the effect of the polygenic score (PGS) for heavy smoking on heavy
smoking behaviour. In Column (1), we report the unconditional estimate. In Columns (2), we include the full set of cov-
ariates as described in the manuscript, namely age, and its square, gender, marital status, household size, education, and
log of household income. In Columns (3), we include time and region fixed effects (FE), and in Column (4) we include the
principal components to account for genetic ancestry. Standard errors are clustered at the individual level. * p < 0.1, **
p < 0.05, *** p < 0.01.



Table A.3: IV EsTIMATES: THE EFFECT OF HEAVY SMOKING ON EARLY RETIREMENT - FULL TABLE

(1) (2) (3) (4)
Key Regressor:
Heavy Smoker [0,1] 0.863*** 0.723*** 0.636%** 0.635%**
(0.276) (0.223) (0.212) (0.209)
Covariates:
Years of Age 0.067*** 0.017 0.019
(0.014) (0.013) (0.012)
Years of Age Sq. -0.000%** 0.000 -0.000
(0.000) (0.000) (0.000)
Female [0,1] -0.249%%* ~0.274%%* -0.276%**
(0.030) (0.029) (0.028)
Higher Education [0,1] 0.031 0.034 0.036
(0.034) (0.030) (0.031)
Married [0,1] 0.043* 0.068%** 0.069***
(0.025) (0.022) (0.022)
Household Size -0.026* -0.039%*** -0.038%**
(0.014) (0.012) (0.012)
Log of Household Income 0.023* -0.038%** -0.038%**
(0.014) (0.013) (0.013)
Time FE v v v
Region FE v v
Principal Components v
Observations 3578 3578 3578 3578

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.

Note: The figure reports instrumental variable IV estimates of the effect of heavy smoking behaviour on early retirement.
In Column (1), we report the unconditional effect of heavy smoking on early retirement. In Columns (2), we include the
full set of covariates as described in the manuscript, namely age, and its square, gender, marital status, household size,
education, and log of household income. In Columns (3), we include time and region fixed effects (FE), and in Column (4)
we include the principal components to account for genetic ancestry. Standard errors are clustered at the individual level.
*p < 0.1, ¥ p < 0.05, ***p < 0.01.



Table A.4: IV ESTIMATES: THE EFrECcT OF HEAVY SMOKING ON EARLY RETIREMENT - ACCOUNTING

FOR SPECIFIC SMOKING GENES - FULL TABLE

(1) (2) (3) (4)
Key Regressor:
Heavy Smoker [0,1] 0.691%** 0.623%** 0.568%** 0.595%**
(0.246) (0.205) (0.195) (0.198)
Covariates:
Years of Age 0.069*** 0.019 0.021*
(0.013) (0.012) (0.012)
Years of Age Sq. -0.000%** -0.000 -0.000
(0.000) (0.000) (0.000)
Female [0,1] -0.260%** -0.281%** -0.280***
(0.028) (0.027) (0.027)
Higher Education [0,1] 0.033 0.036 0.037
(0.032) (0.029) (0.030)
Married [0,1] 0.037 0.064*** 0.067***
(0.023) (0.021) (0.022)
Household Size -0.023* -0.036%** -0.037%**
(0.013) (0.011) (0.011)
Log of Household Income 0.021 -0.039%** -0.038%**
(0.013) (0.013) (0.013)
Time FE v v v
Region FE v v
Principal Components v
Observations 3578 3578 3578 3578

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.

Note: The figure reports instrumental variable IV estimates of the effect of heavy smoking behaviour on early retirement.
In Column (1), we report the unconditional effect of heavy smoking on early retirement. In Columns (2), we include the
full set of covariates as described in the manuscript, namely age, and its square, gender, marital status, household size,
education, and log of household income. In Columns (3), we include time and region fixed effects (FE), and in Column (4)
we include the principal components to account for genetic ancestry. Standard errors are clustered at the individual level.
¥p < 0.1, **p < 0.05, *F*p < 0.01.



Table A.5:

IV ESTIMATES:

PAcks OF CIGARETTE SMOKED PER DAY - FULL TABLE

THE EFFECT OF HEAVY SMOKING ON EARLY RETIREMENT - OUTCOME:

(1) (2) (3) (4)
Packs Smoked p/week 0.711%** 0.606*** 0.526%** 0.542%**
(0.204) (0.169) (0.158) (0.163)
Covariates:
Years of Age 0.067*** 0.020* 0.022%*
(0.013) (0.011) (0.011)
Years of Age Sq. -0.000%*** -0.000 -0.000
(0.000) (0.000) (0.000)
Female [0,1] -0.262%** -0.286*** -0.285%**
(0.024) (0.023) (0.024)
Higher Education [0,1] 0.037 0.042 0.045
(0.031) (0.027) (0.028)
Married [0,1] 0.034 0.060*** 0.061%**
(0.020) (0.018) (0.019)
Household Size -0.011 -0.025%** -0.025%**
(0.010) (0.008) (0.008)
Log of Household Income 0.019 -0.039*** -0.040%***
(0.013) (0.013) (0.013)
Time FE v v v
Region FE v v
Principal Components v
Observations 3578 3578 3578 3578

Source: English Longitudinal Study of Ageing (ELSA), Wave 1-9.
Note: The figure reports instrumental variable IV estimates of the effect of heavy smoking behaviour on the number of packs
of cigarettes smoked per day. In Column (1), we report the unconditional effect of heavy smoking on early retirement.
In Columns (2), we include the full set of covariates as described in the manuscript, namely age, and its square, gender,
marital status, household size, education, and log of household income. In Columns (3), we include time and region fixed
effects (FE), and in Column (4) we include the principal components to account for genetic ancestry. Standard errors are

clustered at the individual level. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table A.6: IV ESTIMATES: THE EFFECT OF HEAVY SMOKING ON EARLY RETIREMENT - DIFFERENT
CUT-POINTS FOR HEAVY SMOKER
) @) ®3) 4) ) (6)
Cut-point Cut-point Cut-point Cut-point Cut-point Cut-point
10 Cigarettes 12 Cigarettes 14 Cigarettes 16 Cigarettes 18 Cigarettes 20 Cigarettes
Heavy Smoker [0,1] 0.608%** 0.508%** 0.597*** 0.596%** 0.619%** 0.635%**
(0.190) (0.158) (0.198) (0.193) (0.201) (0.209)
Covariates:
Years of Age 0.032%** 0.036*** 0.032%** 0.026** 0.020 0.019
(0.011) (0.010) (0.011) (0.012) (0.012) (0.012)
Years of Age Sq. -0.000 -0.000* -0.000 -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Female [0,1] -0.336%** -0.312%** -0.300%** -0.290%*** -0.281%** -0.276***
(0.016) (0.019) (0.022) (0.024) (0.026) (0.028)
Higher Education [0,1] 0.047 0.061%** 0.048 0.041 0.041 0.036
(0.029) (0.028) (0.030) (0.030) (0.030) (0.031)
Married [0,1] 0.060*** 0.043%* 0.041%* 0.060*** 0.064%** 0.069***
(0.019) (0.017) (0.019) (0.020) (0.021) (0.022)
Household Size -0.028*** -0.031%** -0.033*** -0.035%** -0.036%** -0.038***
(0.009) (0.009) (0.010) (0.011) (0.011) (0.012)
Log of Household Income -0.041%** -0.049%*** -0.046*** -0.038%** -0.038%** -0.038***
(0.012) (0.012) (0.012) (0.013) (0.013) (0.013)
Time FE v v v v v v
Region FE v v v v v v
Principal Components v v v v v v
Observations 3578 3578 3578 3578 3578 3578

Source:
Note:

English Longitudinal Study of Ageing (ELSA), Wave 1-9.
The figure reports instrumental variable IV estimates of the effect of heavy smoking behaviour on early retirement, by considering dif-

ferent definitions for heavy smokers. Standard errors are clustered at the individual level. * p < 0.1, ** p < 0.05, *** p < 0.01.
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