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Abstract 

 

This paper examines the links between risky health behaviors and labor market 

success. We provide new evidence on the joint relationships between the most 

prominent forms of risky health behavior − alcohol consumption, smoking and 

physical inactivity − and long-term labor market outcomes. We use twin data for 

Finnish men and women linked to register-based individual information on earnings 

and labor market attachment. The twin data allow us to account for shared family and 

environmental factors and to measure risky health behaviors in 1975 and 1981. The 

long-term labor market outcomes were measured in adulthood as an average over the 

period 1990-2009. The sample sizes are 2156 and 2498 twins, for men and women, 

respectively. We find that being both a smoker and a heavy drinker in early adulthood 

is negatively related to long-term earnings and employment later in life, especially for 

men. We conclude that how and why risky health behaviors cluster and how that 

affects individual level outcomes call for more attention.  

 

Keywords: Finland, risky health behaviors, alcohol consumption, smoking, physical 

activity, earnings, employment 
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1. Introduction  

 

Health behavior consists of a bundle of choices, such as whether to consume alcohol, 

whether to smoke and whether to be physically active or not. People do not make 

decisions on health behaviors independently of each other (e.g., Van Ours, 2004). 

However, it is not well understood how health behaviors interact and whether and 

how they are jointly linked to long-term labor market outcomes.  

The use of addictive substances is distinct from normal consumer choices. 

Smoking and, less so, alcohol use are addictive behaviors, and quitting either one − 

especially smoking − is difficult (National Cancer Institute, 2009). The initiation of 

smoking and alcohol use usually occurs in adolescence (Taioli and Wynder, 1991; 

Sartor et al. 2007), when the person is not mature enough to take long-term effects 

into account in decisions. Physical inactivity tracks moderately from adolescence 

onwards (Waller et al. 2017). There are motivational factors and societal barriers to 

maintaining an adequate level of physical activity (Aaltonen et al. 2014).  

There is an extensive body of literature on the relationships between specific 

risky and protective health behaviors and labor market outcomes (Cawley and Ruhm, 

2012). Smoking and heavy alcohol consumption are associated with weaker labor 

market attachment and lower earnings (French and Zarkin, 1995; MacDonald and 

Shields, 2001; Van Ours, 2004; Böckerman et al. 2015, 2017; Korhonen et al. 2015). 

Furthermore, there is a negative relationship between physical inactivity and 

subsequent labor market outcomes (Lechner, 2009; Hyytinen and Lahtonen, 2013). 

These negative correlations are consistent with risky health behavior and weak health 

eroding the capacity (e.g., owing to increased absence from work) and opportunities 
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(e.g., due to discrimination by employers, co-workers or consumers) to earn market 

income.  

A crucial limitation of the empirical literature is that the effect of a specific 

health behavior has been analyzed in isolation, without considering the potential joint 

associations of health behaviors with labor market outcomes. An exception to this is 

Van Ours (2004), who examined the wage effects of alcohol use and smoking using 

survey data from the Netherlands. For men, Van Ours (2004) found that the 

association of wage with alcohol use was, a bit surprisingly, positive. The wage effect 

of smoking was opposite and of approximately equal (absolute) size as that of alcohol 

use. While insightful, Van Ours (2004) did not consider the (potential) joint 

relationships between alcohol use and smoking. Heavy alcohol consumption may 

reinforce the negative association of smoking with labor market outcomes.  

This paper contributes to the literature by developing an empirical framework 

that treats risky health behaviors as a bundle and allows for a systematic examination 

of the joint associations (i.e., interactions) of health behaviors. We adopt the 

econometric approach of Carree et al. (2011), which was originally introduced to 

examine the joint effects (i.e., complementarities) between different production 

inputs. We modify their approach so that it allows a direct examination of whether, 

e.g., heavy alcohol consumption and smoking reinforce each other’s links to labor 

market outcomes. In so doing, we address the recent call of Cawley (2015), who 

stressed the need to understand the interconnections among health behaviors.  

We examine the potential joint associations of health behaviors with long-term 

labor market outcomes. We use nationally representative twin data that are linked to 

register-based information on long-term labor market outcomes. The linked data have 

four major strengths. First, the data allow us to construct measures for risky health 
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behaviors (smoking, alcohol use, physical inactivity) that refer to the same points in 

time in the twins’ early adulthood and that are predetermined relative to the outcome 

variables, measured later in life. Second, we measure individuals’ smoking, alcohol 

use and physical inactivity over an extended period using two surveys, one conducted 

in 1975 and the other in 1981. Therefore, we are not forced to rely on cross-sectional 

measures of risky health behaviors, which may provide incomplete or noisy 

descriptions of what unhealthy lifestyle choices imply in the long term. Third, the 

register-based administrative data allow us to measure the average of an individual’s 

annual earnings and employment over an extended 20-year period. Cross-sectional 

measures are poor proxies for individuals’ lifetime labor market outcomes (Böhlmark 

and Lindquist, 2006). The use of register-based data also minimizes non-response and 

reporting biases that are typical in survey data. Fourth, the twin data allow 

distinguishing between monozygotic (MZ, genetically identical) and dizygotic (DZ, 

genetically full siblings) twins. We can therefore to account for both shared 

environmental factors, such as family background, neighborhood and shared peer 

effects, as well as for genetic factors, which are potential confounders. The data also 

allow us to control for a number of (predetermined) differences between the co-twins 

of twin pairs. 

The prior medical and epidemiological literature suggests a number of reasons 

for why unhealthy behavioral patterns may cluster (i.e., why certain health behaviors 

are related to other health behaviors; see, e.g., Hale and Viner, 2016). For example, 

Rensburg et al. (2009) argue that exercising affects implicit motivational processes 

and promotes smoking cessation. Papathanasiou et al. (2012) note that the direction of 

causality may run from smoking to physical inactivity through reduced cardio-

respiratory fitness. Using a twin design, Kujala et al. (2007) examine adolescent 
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physical activity and later smoking behavior. Smoking later in life is more prevalent 

among those who were initially persistently inactive. Evidence on whether exercise 

supports smoking cessation is inconclusive (Ussher et al. 2014). Using an 

experimental design, Savette et al. (2005) showed that alcohol use increased both the 

magnitude and emotional valence of cigarette cravings. Smoking may also enhance 

pleasure and reward from alcohol consumption (Lipperman-Kreda and Lee, 2011). 

Additionally, nicotine can promote the consumption of alcohol, for example, through 

different neurotransmitter expressions (Lajitha and Sershen, 2010). Finally, research 

based on twin data suggest that multiple risky health behaviors are correlated (see, 

e.g., Sudharsanan et al. 2016, and the references therein). For example, True et al. 

(1999) and Han et al. (1999) found that genetic factors contribute to the risk for dual 

dependence of both alcohol use and smoking (see also Madden and Heath, 2002). 

Further support for shared genetic liability comes from molecular genetic analyses of 

measured genetic variants across the genome; genetic correlations between smoking 

and alcohol use and abuse are high (Clarke et al. 2017). Liao et al. (2016) showed that 

smoking is negatively associated, and former drinking positively associated with BMI 

even when shared genetic and environmental factors were accounted for.  

The clustering of smoking, heavy alcohol consumption and physical inactivity 

at the individual level may lead to weaker labor market attachment (e.g., increased 

absence from work) and to limited job market opportunities through numerous 

channels. While we cannot empirically pin down the exact mechanisms at work, there 

are two primary reasons why the clustering of adverse health behaviors can be 

expected to predict poor labor market outcomes. First, the clustering of addictive and 

irresponsible health behaviors may be related to a latent factor mirroring myopic time 

preferences or delayed discounting (impatience) of individuals. Such preferences 
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reduce a person’s initial investments in human, social and health capital, making 

him/her less productive in the labor market. Second, the clustering of risky health 

behaviors may erode an individual’s existing stocks of human, social and health 

capital. For example, the smoking-drinking interaction erodes employability and 

productivity at work: Heavy alcohol use leads to work absence (Norström, 2006) and 

can alone be a cause of severe adverse health conditions (e.g. due to accidents while 

drunk). When combined with smoking, alcohol use has a particularly negative effect 

on specific health measures (Antunes et al. 2013). For example, joint consumption of 

alcohol and cigarettes increases the risk of cancer and cardiovascular diseases and 

eventually mortality (e.g., Wang-Hong et al. 2007). Similarly, being a smoker who is 

physically inactive or being a heavy drinker who is physically inactive may, in the 

long-term, lead to reduced physical capacity and erode cognitive and non-cognitive 

skills, which are the fundamental determinants of earnings and employment capacity 

(Heckman et al. 2006).  

 

2. Methods 

 

Data sources and the sample 

 

We use the Older Finnish Twin Cohort Study of the Department of Public Health at 

the University of Helsinki. As in prior work (Hyytinen and Lahtonen 2013; 

Böckerman et al. 2015, 2017), the twin data have been linked to the Finnish 

Longitudinal Employer-Employee Data (FLEED) of Statistics Finland (SF) using 

personal identifiers. The record linkages of linked data comply the Data Protection 
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Act and have been approved by the ethical committee of the Department of Public 

Health, University of Helsinki and SF.  

The Finnish Cohort Study was originally compiled from the Central 

Population Registry of Finland (Kaprio et al. 1979; Kaprio and Koskenvuo, 2002). 

Initial twin candidates were persons born before 1958 with the same birth date, 

commune of birth, sex, and surname at birth. A questionnaire was mailed to the 

candidates in 1975 to gather baseline data and to determine their zygosity. Two 

follow-up surveys were conducted in 1981 and 1990. The 1990 survey was sent only 

to those twins who were born after 1930. These twins were at least 33 years old in 

1990. Therefore, we focus on the working-age population.  

FLEED is an annual panel over the years 1990-2009 that covers the working-

age population of Finland (see, e.g., Hyytinen and Lahtonen 2013; Böckerman et al. 

2015, 2017). FLEED contains information, obtained from tax and other administrative 

registers, on individuals’ labor market status, and salaries and other relevant sources 

of income.  

The analysis focuses on twin pairs for whom we observe information on health 

behaviors in 1975 and 1981 and earnings and employment status from 1990 to 2009. 

Excluding those men and women who retired before 2009, the estimation sample 

includes 4,654 twin pairs, i.e., 9,308 individuals. The individuals were, on average 27, 

years old in 1975, 33 years old in 1981 and 42 years old at the time we start 

measuring their labor market outcomes in 1990.  

  

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

9 

 

Measures 

 
 
We use two outcome variables that capture poor labor market outcomes in the long 

run. The first outcome variable measures an individual’s lifetime earnings (= wage + 

salary earnings + self-employment income). It is calculated as the gender-specific 

reverse rank order (100-1) of average lifetime earnings over the observation window 

1990-2009. The variable is calculated using the percentiles of the distribution of 

lifetime earnings in our sample and describes how well an individual fares relative to 

other individuals in terms of his/her long-term earnings capacity. The second outcome 

variable measures an individual’s long-term tendency to be frequently unemployed 

(i.e. his/her labor market attachment). It is calculated as the average number of 

unemployment months per year over the period 1990-2009.  

We measure risky health behaviors by heavy alcohol consumption, smoking 

and physical inactivity. These behaviors have drawn considerable attention in the 

empirical literature in health economics (and related fields), but their labor market 

implications have rarely been explored in the same analysis (see Cawley and Ruhm, 

2012). Heavy alcohol consumption and smoking are also the major contributors to 

differences in life-expectancy in both developed and developing countries (see Steel, 

2017), and for example account for about one-half of the SES differences in mortality 

in Finland (Martikainen et al. 2014). They are also modifiable risk factors (no one 

needs to smoke or use alcohol), and physical activity levels can be increased also by 

societal action. For ease of interpretation, the variables for risky health behaviors are 

defined such that they reflect risky or undesirable health behavior. 

To capture long-term risky health behaviors, the measures are based on self-

reported information from the 1975 and 1981 twin surveys. We measure heavy 
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alcohol consumption by a persistent tendency to be a binge drinker. Binge drinking is 

associated with negative health consequences, such as increased risk of adverse 

cardiovascular events (stroke and myocardial infarction). It is a better measure of 

pattern of drinking than quantity alone (Sipilä et al. 2016; Rehm et al. 2017). Our 

measure is equal to one for those who in both 1975 and 1981 reported consuming at 

least once a month on the same occasion an amount of alcohol that corresponds to at 

least one bottle of wine. To capture persistent smoking, we use a binary indicator for 

current smoking status in 1975 and 1981 (i.e., whether the person reported smoking at 

the time of both surveys). To measure physical inactivity, we use the MET index 

(Metabolic Equivalent Tasks). For persons who are considered physically inactive, the 

mean MET index is ~1-2. This is roughly equivalent to the energy expenditure of 

sitting and of minor home activities (Ainsworth et al. 2000). We followed the World 

Health Organization (2010) and used an MET index threshold of being less than 1.5 

both in 1975 and 1981 as a measure for persistent physical inactivity.  

We use the binary indicators to define risky health behaviors, because the 

binary indicators (as opposed to continuous measures) allow us to explore the 

clustering of risky health behavior in a transparent way. Every individual is assigned 

to a single category so that the categories are mutually exclusive. If, in 1975 and 

1981, a person only had a history of consuming alcohol heavily, we set H = 1 (and set 

H = 0 otherwise); if he/she had only smoked, we set S = 1 (and set S = 0 otherwise); 

and if he/she was only physically inactive, we set P = 1 (and set P = 0 otherwise). 

Those who had heavy alcohol consumption and who smoked in 1975 and 1981 but 

who were not physically inactive are assigned to a category denoted as HS. The other 

categories, HP and SP, are defined similarly. Finally, we set HSP equal to one for 

those persons who had heavy alcohol consumption, who smoked and who were 
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physically inactive in 1975 and 1981. An individual cannot belong to more than one 

category from set {H, S, P, HS, HP, SP, HSP}, implying that the reference group 

consists of those who have no risky health behaviors. 

We consider the robustness of the estimation results using different risky 

behavior measures for heavy drinkers, smokers and physically inactive persons. The 

description of these additional results is provided in the Online Supplementary 

Appendix. [INSERT LINK TO ONLINE FILES] 

  

Econometric approach 

 

Inspired by Carree et al. (2011), we postulate the following econometric specification 

for the (poor) long-term labor market outcomes:  

 

Yij = αHHij + αSSij + αHPij + αHSHSij  

        + αHPHPij + αSPSPij + αHSPHSPij + Xij ’β + fj + gj + εij      (1) 

 

where Yij is one of the measures for poor labor market outcomes for individual i from 

family (twinpair) j, binary indicators {H, S, P, HS, HP, SP, HSP} are mutually 

exclusive groups of health behaviors, Xij is a vector of control variables, fj is an 

unobserved shared family effect, gj is an unobserved shared genetic effect and εij is an 

i.i.d. error term.  

To see how the model works, consider heavy drinking and smoking: There is 

evidence for an adverse interaction effect between them if the hypothesis αH +  αS = 

αHS is rejected (i.e., if sum αH +  αS is smaller than αHS). Similar reasoning applies to 
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heavy drinkers and physically inactive (αH +  αP ≠ αHP) and to smokers and physically 

inactive (αS +  αP ≠ αSP). 

We estimate model (1) in three ways. First, we treat the data as individuals 

(i.e., assume fj ≡ 0 and gj ≡ 0) and estimate the model parameters by ordinary least 

squares (OLS), using the sample that includes both MZ and DZ twins. Second, we 

take twin differences to remove fj and run the regression using the same combined 

sample. Third, we further run the regression using the MZ sample only to remove 

both fj and gj. In the within-MZ model, all factors that the two twins share (e.g., shared 

environmental factors, shared genes, business cycle effects, cohort effects) are 

eliminated.  

We include in Xij an individual’s age and a rich vector of control variables to 

account for potential confounders and within-twin pair heterogeneity. All control 

variables are taken from the 1975 twin survey and are thus predetermined. First, we 

account for heterogeneity in pre-existing health conditions that may be correlated with 

risky health behavior and labor market outcomes. To this end, we include measures 

for height, BMI, the number of chronic diseases, and reduced employability due to 

injuries (= 1 if a person had injuries causing weak employability). We also control for 

the possibility that individuals are physically inactive off work because they have a 

(presumably low-paid) physically demanding job (= 1 if work is physically 

demanding). Second, there may be unobserved psychological and psychopathological 

characteristics that affect both risky health behavior and labor market outcomes, such 

as mental stability. Mental stability is measured using the indicators of neuroticism 

and extraversion that originate from the 1975 survey. Neuroticism (extraversion) was 

assessed by 10 (9) items in the short form of the Eysenck Personality Inventory. We 

also add the use of tranquilizers as a covariate (= 1 if the twin reports using a positive 
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quantity of tranquilizers in 1975) to capture an aspect of mental ill-health. Finally, to 

account for potential reverse causality, we add controls for predetermined 

employment status and prior earnings from the 1975 survey. These variables address 

the concern that alcohol consumption, physical inactivity, or smoking may be the 

consequence of a poor labour market position early in life.  

Regression model (1) includes a number of interaction terms between the 

variables that describe specific health behaviors. We first look at men and women 

separately. This analysis reveals that certain combinations of risky health behaviors 

are rare. To ensure that we have enough variation in the analysis sample (and thus to 

preserve statistical power), we confirm the results using pooled data consisting of 

both men and women.  

 

3. Descriptive statistics 

 

Mean values of risky health behaviors 

 

Table 1 reports the mean values of the mutually exclusive indicators of risky health 

behaviors by gender (not age-adjusted). Four key findings stand out. First, a large 

fraction of men (39%) and women (57%) are not persistently heavy users of alcohol, 

smokers or physically inactive. The gender difference is large in magnitude and 

statistically significant. Second, women are more likely just to smoke (S) or to be 

physically inactive (P) than men, whereas men are more likely just to be heavy 

drinkers (H). Third, men are more likely to have multiple types of risky health 

behaviors. Notably, men are from four to six times more likely than women to have 

heavy alcohol consumption and be smokers (HS), to have heavy alcohol consumption 
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and be physically inactive (HP) and to be heavy drinkers, smoker and physically 

inactive (HSP). Fourth, certain combinations of risky health behaviors are rare. In 

particular, only 1-2% of women both drink and smoke (HS), drink and are physically 

inactive (HP), or have all three risky behaviors (HSP).  

 

Association of risky health behaviors with labor market outcomes 

 

We analyze the mean values of the measures of the labor market outcomes by 

different categories of risky health behaviors and gender in Figures 1-2. The vertical 

lines of each bar display the 95% confidence intervals for the means. Figures 1-2 

reveal two important patterns. First, those who are heavy drinkers, smokers and are 

physically inactive have much lower lifetime earnings and much more unemployment 

months in the long run, especially when they are compared to those who have no 

undesirable health behavior. Second, the lifetime earnings are also notably low and 

the number of unemployment months is high when smoking is combined with heavy 

alcohol use (HS), especially for men.  

 

4. Main estimation results 

 

The OLS and within-sibling estimates of equation (1) are reported in Table 2 (men) 

and Table 3 (women). The outcome variables are long-term earnings and 

unemployment. All models include {H, S, P, HS, HP, SP, HSP} as regressors, 

implying that the baseline comparison category refers to those who have no risky 

health behaviors. The rows in the lower part of the tables report tests for the model 
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coefficients. The rows labelled as T4, T7 and T10 report the relevant tests for the 

interaction effects between our three risky health behavior measures.   

The OLS estimates tend be more often statistically significant than the 

estimates of the within DZ-MZ and within-MZ regressions. The results based on twin 

design therefore suggest that it is important to control for unobserved family and 

genetic factors in estimating the joint associations of health behaviors with long-term 

labor market outcomes. In what follows, we focus only on those estimates that are 

statistically significant in the within DZ-MZ and, especially, within-MZ regressions. 

Using these criteria, four important findings stand out.  

First, smoking per se is related to weaker earnings and employment (cf. 

Böckerman et al. 2015) when unobserved family factors are controlled for. The 

estimates become mostly statistically insignificant when also genetic factors are 

accounted for in the models. Second, earnings and employment are much lower for 

those men who have engaged in smoking and heavy alcohol use (HS) than for those 

who do not report any risky health behaviors. Third, consistent with Figures 1-2, those 

men and women who were heavy drinkers, smoked and were physically inactive in 

1975/1981 (HSP) are more likely to have low lifetime earnings and experience more 

unemployment months than those who do not report any risky health behaviors. 

Fourth, and most importantly, the F-tests in the lower parts of the tables reveal 

that there is a joint effect between smoking and heavy alcohol use for men when the 

reverse rank order of lifetime earnings and unemployment months are used as the 

outcome. In these cases, the null hypotheses αH + αS = αHS are rejected, especially in 

the MZ regression. For women, there is no evidence for the joint effects.  

A problem with the above gender-specific analysis is that certain combinations 

of health behaviors are rare, especially among women. This data limitation may lead 
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to noisy estimates. To tackle the problem, we estimated model (1) in the twin-

differenced form after pooling men and women together. This pooling results in larger 

estimating samples. The results are presented in Columns 1 and 3 (within DZ and MZ 

regression) and Columns 2 and 4 (within MZ regression) of Table 4. As Columns 2 

and 4 show, we find evidence for the joint effects of smoking and heavy drinking 

when both shared environment and genetic factors are fully accounted for; for both 

the outcome measures the null hypothesis αH + αS = αHS is rejected (i.e. the tests T4 

in the lower part of Table 4). 

 

5. Robustness checks and auxiliary evidence 

 

Alternative outcome variables 

 

We have re-run the within DZ-MZ and within MZ estimations for a combined sample 

of men and women reported in Table 4 using two alternative outcome variables. Both 

variables were chosen to reflect an individual’s (potentially poor) long-term labor 

market position. First, we used the logarithm of average social income transfers over 

the period 1990-2009 as an outcome variable. Second, we used an indicator of being 

out of the labor force as an outcome variable. It was calculated as the average share of 

years that the individual was out of the labor force over the period 1990-2009, 

excluding retired persons, students and those who are in military service. The results 

are reported in Table A1 of Online Supplementary Appendix. [INSERT LINK TO 

ONLINE FILE] Consistent with our earlier results in Table 4, the within MZ 

estimations show that there is evidence for the joint effect between smoking and 
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heavy use of alcohol, as the null hypothesis αH + αS = αHS is rejected when social 

income transfers are used as the outcome variable.  

Our findings suggest that those who heavily consume alcohol and are smokers 

and that those who are heavy drinkers, smokers and physically inactive are less 

successful in life. To check whether this pattern holds more broadly, we report further 

descriptive evidence in Table A2 of the Online Supplementary Appendix. [INSERT 

LINK TO ONLINE FILE] The table displays education years, marital status, whether 

a person has children and whether a person is a homeowner by risky health behavior 

and gender (not age-adjusted), as measured in 1990. We regard these variables as 

descriptive indicators of better socio-economic outcomes. The table shows that those 

men who report being smokers and heavy drinkers and those men who report all three 

risk factors are typically less educated, less likely married, less likely to have children 

and less likely homeowners than those who report none. The same findings largely 

apply to women. This auxiliary evidence supports the view conveyed by our baseline 

analysis that these two bundles of risky health behaviors {HS, HSP} are associated 

with particularly poor long-term outcomes. Therefore, the clustering of risky health 

behaviors is empirically related to a low level of human and social capital.  

 

Alternative measures for risky behaviors  

 

Identifying what amounts to risky health behavior and measuring it appropriately are 

notoriously difficult empirical tasks. We have therefore evaluated the robustness of 

the within DZ-MZ and within MZ estimation results of Table 4 using alternative 

measures for risky health behavior.  
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First, we used gender-specific thresholds for heavy alcohol use instead of the 

indicator for binge drinking. This extension is important, because all self-reported 

measures of alcohol consumption potentially contain some amount of measurement 

error. The twin surveys report alcohol use in grams per day, which has been converted 

into grams per week. We followed Dawson (2011) and used cut-off points that are 

165 grams per week for men (14 units of alcohol) and 110 grams per week for women 

(9 units of alcohol). There are no official global limits for heavy alcohol use, and the 

thresholds used by the public health authorities vary considerably from one country to 

another and within a single country (Dawson, 2011 and Shield et al. 2017). We 

created an indicator variable that obtains the value of one if a person consumed more 

than the gender-specific cut-off amount of alcohol per week both in 1975 and 1981.  

Second, we used a more restrictive indicator for smoking. The current 

smoking status is based on the subjective view of one’s smoking behavior. Many light 

smokers could report themselves as smokers. Another measure for smoking captures 

the lifetime consumption of cigarettes: cigarette pack years = average number of 

cigarettes smoked per day × years of smoking. The measure was constructed from 

questions about the use of tobacco products and frequency and the duration of 

smoking. For example, a person has only a 0.05 pack year history of smoking if (s)he 

has smoked one cigarette daily for one year. We used an indicator that is equal to one 

for those who were current smokers and ever smokers, defined as the persons who 

reported being current smokers in 1975 and 1981 and who had strictly positive pack-

years both in 1975 and 1981.  

Third, we used an alternative measure of leisure time physical activity. The 

measure was constructed from questions about the monthly frequency, average 

duration and average intensity of a person’s physical activity sessions. Using 
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information on person’s physical activity and activity level during the journey to and 

from work, leisure time physical activity was classified into categories: sedentary 

exercisers, occasional exercisers and conditioning exercisers (Kujala et al. 1998, p. 

441; Hyytinen and Lahtonen, 2013). We use an indicator that is equal to one for those 

who are physically inactive, defined as those persons who reported not taking part in 

physical leisure activity (sedentary exercisers) in both 1975 and 1981.  

Tables A3-A5 of the Online Supplementary Appendix report the robustness 

checks from the within DZ-MZ and within MZ samples that pool men and women 

together. [INSERT LINK TO ONLINE FILE] Importantly, there is evidence for the 

joint effects between heavy alcohol use and smoking, as the null hypothesis αH + αS = 

αHS is rejected in most specifications, especially when both shared environmental and 

genetic factor are accounted for. Finally, compared to those who do not have any 

risky health behaviors, individuals who smoke, drink heavily and are sedentary are 

more likely to have lower long-term earnings and experience more unemployment. 

 

6. Conclusions  

 

Health is a durable good that is determined by genetic predisposition to have good 

health and by complex health behaviors. Earlier research has examined the (causal) 

effects of specific risky health behaviors on labor market outcomes, such as earnings 

and (un)employment. This literature suggests that alcohol consumption, smoking and 

physical inactivity all lead per se to poor labor market outcomes. Our most important 

contribution is that we evaluated risky health behavior as a bundle and examined how 

(longer-term) measures of risky health behaviors are associated with long-term labor 

market outcomes (earnings and unemployment).  
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The key finding is that there is a degree of adverse complementarity between 

alcohol consumption and smoking, leading to worse long-term labor market 

outcomes. We also find evidence that those who smoke, drink heavily and are 

physically inactive experience much poorer long-term labor market outcomes than 

those individuals who are neither smokers, drinkers nor physically inactive.  

Our findings are policy-relevant for two reasons. First, there is a debate over 

the extent to which health behavior is driven by rational decision-making (Becker and 

Murphy, 1988; Cawley and Ruhm, 2012). The case for rational health behaviors 

weakens if there are significant or complicated joint associations, because it is 

cognitively cumbersome for an individual to comprehend and correctly predict the 

importance of such effects, especially when young or for a long period of time. The 

addictive nature of smoking in particular and heavy and regular drinking may shape 

preferences, erode willpower, and/or undermine cognitive capacity needed for 

rational, forward-looking decision-making. Second, the trends in the health behavior 

indicators have varied during the past few decades and across countries. For example, 

countries are at different stages of the tobacco epidemic (Lopez et al. 1994; Reitsma 

et al. 2017). Obesity and physical inactivity at work and during commuting have 

become much more common in all industrialized countries. There has been a 

controversy over whether the long-term trends of smoking and obesity are related 

(Gruber and Frakes, 2006). Better awareness of the interconnections between health 

behaviors is needed to understand what mechanisms these trends reflect and how they 

affect labor markets.  

Our approach has important limitations. First, even though by using the twin 

design, the estimated relationships are purged from shared family and environmental 

effects, we cannot claim that the estimated relationships are causal. Additionally, we 
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cannot rule out that there are some other unaccounted (latent) person-specific 

attributes that have an impact on both risky health behavior and the long-term 

outcomes. For example, there may be relevant psychological and psychopathological 

differences between twins that have an impact on the estimates. We accounted for 

these psychological differences by controlling for within-twin pair differences using 

the measures of mental well-being in the regression model. Second, we estimated the 

empirical specifications in the Finnish setting. Because the prevalence and 

development over time of specific risky health behavior bundles is not identical in all 

industrialized countries, the potential joint effects on labor market outcomes may also 

differ across countries. However, our econometric approach can easily be applied to 

the data available for other countries in order to broaden the policy discussions about 

the consequences of risky health behaviors.  
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Table 1. Description of raw data: Measures of risky health behavior by gender. 

  
  Men  Women     
  % of total N  % of total N Difference p-value 
Heavy alcohol use (H) 0.13 533  0.02 82  0.11 <0.01 
Smoking (S) 0.08 359  0.10 519 -0.02 <0.01 
Physical inactivity (P) 0.15 634  0.22 1117 -0.07 <0.01 
Heavy alcohol use and smoking (HS) 0.10 435  0.02 91  0.08 <0.01 
Heavy alcohol use and physically inactive (HP) 0.04 192  0.01 28  0.03 <0.01 
Smoking and physically inactive (SP) 0.05 218  0.05 253  0.00   0.99 
All three (HSP) 0.06 244  0.01 47  0.05 <0.01 
None of the above: No risky health behavior 0.39 1697  0.57 2859 -0.18 <0.01 
Total N 1.00 4312  1.00 4996     
 
Notes: Mutually exclusive categories. Pooled data on MZ and DZ twins.   
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Table 2. Regression results: OLS and within DZ-MZ and MZ estimates for men. 
 

 Reverse rank order of earnings Unemployment months 

 
(1)  
OLS 

(2) 
DZ-MZ 

(3) 
MZ 

(4) 
OLS 

(5)  
DZ-MZ 

(6)  
MZ 

Direct terms       

   H 
0.88 
(1.35) 

 2.19 
(1.76) 

 -0.35 
(3.18) 

0.26***  

(0.10) 
0.31** 

(0.14) 
-0.31 

(0.26) 

   S 
7.16*** 
(1.54) 

 4.03* 
(2.09) 

 3.58 
(3.57) 

0.72*** 
(0.147) 

0.53*** 
(0.19) 

0.13 
(0.30) 

   P 
1.88 
(1.27) 

 -0.42 
(1.48) 

 3.54 
(2.30) 

-0.001 
(0.084) 

0.02 
(0.11) 

0.29* 
(0.17) 

Two-way interactions       

   HS 
11.74*** 
(1.54) 

12.12*** 
(2.13) 

13.29*** 
(3.52) 

1.23*** 
(0.15) 

0.90*** 
(0.17) 

0.81** 
(0.32) 

   HP 
4.40** 
(1.91) 

2.71 
(2.73) 

3.43 
(5.66) 

0.56*** 
(0.18) 

0.45* 
(0.57) 

-0.16 
(0.54) 

   SP 
7.69*** 
(1.84) 

5.37** 
(2.39) 

12.31*** 
(3.65) 

0.30** 
(0.14) 

0.28 
(0.20) 

0.37 
(0.28) 

Three-way interaction  
   HSP 

12.27*** 
(1.95) 

8.18*** 
(2.57) 

12.38*** 
(4.46) 

1.32*** 
(0.20) 

1.11*** 
(0.30)  

0.84** 
(0.41)  

Controls YES YES YES YES YES YES 

R2 0.18 0.07 0.07 0.06 0.04 0.04 

N 4312 2156 684 4312 2156 684 

Tests (F-test) p-value p-value p-value p-value p-value p-value 

  T1: αH=αS =αP=0  <0.01 0.18 0.34 <0.01 <0.01   0.17 

  T2: αH=αHS <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

  T3: αS=αHS <0.05 <0.01 <0.05 <0.05   0.15   0.11 

  T4: αH+αS=αHS   0.11 <0.05 <0.05   0.25   0.82 <0.05 

  T5: αH=αHP  <0.10 0.84 0.55   0.12   0.57   0.80 

  T6: αP=αHP   0.23 0.28 0.98 <0.01 <0.10   0.39 

  T7: αH+αP=αHP   0.51 0.76 0.97   0.16   0.66   0.83 

  T8: αS=αSP   0.81 0.61 <0.10 <0.05   0.29   0.52 

  T9: αP=αSP  <0.01 <0.05 <0.05 <0.05   0.19   0.78 

  T10: αS+αP=αSP   0.58 0.55 0.27 <0.05   0.28   0.89 

  T11:αH+αS+αP=αHSP   0.44 0.52 0.39 <0.05   0.45   0.18 
 
Notes: *** (p < 0.01), ** (p < 0.05), * (p < 0.10). The controls include BMI, height, the number of 
diagnosed chronic diseases, employment status, earnings, the use of tranquilizers, neuroticism, 
extraversion and indicators for work disability and physical work, as measured in 1975. OLS 
specifications also include age as an additional covariate because it makes the OLS estimates more 
comparable with the results obtained using twin differences (in which all age effects are eliminated). 
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Table 3. Regression results: OLS and within DZ-MZ estimates for women. 

 Reverse rank order of earnings Unemployment months 

 
(1)  
OLS 

(2) 
DZ-MZ 

(3) 
MZ 

(4) 
OLS 

(5)  
DZ-MZ 

(6)  
MZ 

Direct terms       

   H 
5.76* 
(3.02) 

 5.84 
(4.26) 

 5.05 
(8.07) 

0.58** 
(0.26) 

0.68* 
(0.35) 

-0.01 

(0.61) 

   S 
5.16*** 
(1.36) 

 3.34** 
(1.70) 

 5.07* 
(2.74) 

0.41*** 
(0.10) 

0.25 * 
(0.14) 

0.35 
(0.23) 

   P 
5.37*** 
(0.99)  

3.80*** 
(1.24) 

 4.03** 
(1.92) 

0.11 
(0.07) 

0.11 

(0.09) 
0.20 
(0.16) 

Two-way interactions       

   HS 
7.91*** 
(3.01) 

7.91** 
(3.81) 

4.37 
(6.64) 

0.95***  

(0.32) 
0.81***  

(0.35) 
0.77 
(0.69) 

   HP 
6.09 
(5.64) 

4.27 
(7.48) 

9.88 
(8.59) 

1.02* 
(0.55) 

0.32 

(0.77) 
0.17 
(0.96) 

   SP 
9.84*** 
(1.79) 

7.46*** 
(2.29) 

4.71 
(4.50) 

0.64***  

(0.15) 
0.39** 

(0.20) 
-0.06 
(0.30) 

Three-way interaction  
   HSP 

11.67*** 
(3.90) 

22.64*** 
(5.13) 

15.34** 
(7.72) 

1.17** 
(0.46) 

1.70*** 
(0.49) 

1.96** 
(0.89)  

Controls YES YES YES YES YES YES 

R2 0.14 0.05 0.05 0.04 0.02 0.04 

N 4996 2498 880 4996 2498 880 

Tests (F-test) p-value p-value p-value p-value p-value p-value 

  T1: αH=αS =αP=0  <0.01 <0.01 <0.10 <0.01 <0.10   0.32 

  T2: αH=αHS   0.59  0.70 0.94   0.36  0.77   0.35 

  T3: αS=αHS   0.39  0.25 0.92 <0.10  0.13   0.57 

  T4: αH+αS=αHS   0.47  0.82 0.55   0.91  0.81   0.63 

  T5: αH=αHP   0.96  0.85 0.63   0.48  0.66   0.87 

  T6: αP=αHP   0.64  0.95 0.50   0.11  0.78   0.97 

  T7: αH+αP=αHP   0.90  0.52 0.94   0.59  0.57   0.98 

  T8: αS=αSP <0.05 <0.10 0.94   0.18  0.53   0.21 

  T9: αP=αSP <0.05 0.14 0.88 <0.01  0.18   0.42 

  T10: αS+αP=αSP   0.76 0.91 0.38   0.53  0.90 <0.10 

  T11:αH+αS+αP=αHSP   0.38 0.16 0.92   0.90 <0.10   0.22 
 
Notes: *** (p < 0.01), ** (p < 0.05), * (p < 0.10). The controls include BMI, height, the number of 
diagnosed chronic diseases, employment status, earnings, the use of tranquilizers, neuroticism, 
extraversion and indicators for work disability and physical work, as measured in 1975. OLS 
specifications also include age as an additional covariate because it makes the OLS estimates more 
comparable with the results obtained using twin differences (in which all age effects are eliminated).  
 
 
 
 
 
 
 
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

33 

 

 
Table 4. Regression results: Within DZ-MZ and within MZ estimates for the pooled sample of men and 
women.  
 
 Reverse rank order of income Unemployment months 

 
Column (1) 
Within DZ-MZ 

Column (2) 
Within MZ 

Column (3) 
Within DZ-MZ 

Column (4) 
Within MZ 

Direct terms      
   H 
 

3.15 * 
(1.61) 

-0.24 

(2.99) 
0.36 ***  

(0.13) 
-0.29 

(0.25) 
 

   S 
 

3.78 *** 
(1.32) 

4.53** 
(2.21) 

0.37 *** 
(0.11) 

0.26 
(0.19) 

 

   P 
 

2.30 ** 
(0.95) 

3.71** 
(1.47) 

0.07 
(0.07) 

0.21 * 
(0.12) 

 

Two-way interactions      
   HS 
 

11.97 *** 
(1.84) 

11.19 *** 
(3.08) 

0.89 *** 
(0.18) 

0.83*** 
(0.30) 

 

   HP 
 

3.84 
(2.58) 

3.20 
(5.20) 

0.43 * 
(0.24) 

-0.21 
(0.51)  

 

   SP 
 

6.64 *** 
(1.66) 

8.32*** 
(2.93) 

0.33 ** 
(0.14) 

0.13 
(0.21) 

 

Three-way interaction       
   HSP 
 

11.50 *** 
(2.28) 

 12.14*** 
(3.81) 

1.22 *** 
(0.21) 

 1.09*** 
(0.38) 

 

Controls YES YES YES YES  
R2 0.05 0.05 0.03 0.03  
N 4654 1564 4654 1564  
Tests (F-test) p-value p-value p-value p-value 
  T1: αH=αS =αP=0  <0.01 <0.05 <0.01 <0.10 

  T2: αH=αHS <0.01  <0.01  <0.01 <0.01 

  T3: αS=αHS <0.01 <0.05 <0.05   0.11 

  T4: αH+αS=αHS <0.05 <0.10   0.49 <0.05 

  T5: αH=αHP   0.81   0.55   0.76   0.89 

  T6: αP=αHP   0.56   0.92   0.14   0.39 

  T7: αH+αP=αHP   0.58   0.96   0.99   0.81 

  T8: αS=αSP   0.11   0.24   0.81   0.58 
  T9: αP=αSP <0.05   0.13 <0.10   0.70 
  T10: αS+αP=αSP   0.78   0.98   0.51   0.19 
  T11:αH+αS+αP=αHSP <0.01   0.43   0.27   0.11 
 
Note: OLS estimates using twin-differenced data, using the MZ twins only. *** (p<0.01), ** 
(p < 0.05) and * (p < 0.10). The controls include BMI, height, the number of diagnosed 
chronic diseases, employment status, earnings, the use of tranquilizers, neuroticism, 
extraversion and indicators for work disability and physical work, as measured in 1975. 
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Figure 1: Average reverse rank order of lifetime earnings by risky health behaviors. 
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Figure 2. Average unemployment months by risky health behaviors.  
  

 
 
Notes (Figures 1-2): Mutually exclusive categories. The height of the bar displays the mean and  
the vertical lines are the 95% confidence intervals. The sample includes both MZ and DZ twins. 
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We examine the joint effects of risky health behaviors using twin design 

 

Health behaviors include alcohol use, smoking and physical inactivity 

 

Long-term labor market outcomes are measured using administrative data 

 

There are significant joint relationships between risky health behaviors 

 

Smoking reinforces the negative effects of alcohol use on long-term earnings and employment 

 


