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ABSTRACT

Kari, Jaana

Lifelong physical activity and long-term labor market outcomes
Jyvéaskyld: University of Jyvaskyld, 2018, 154 p.

(Jyvaskyla Studies in Business and Economics

ISSN 1457-1986; 184)

ISBN 978-951-39-7325-4 (nid.)

ISBN 978-951-39-7326-1 (PDF)

This thesis examines the longitudinal associations between leisure-time
physical activity, educational attainment, and labor market outcomes. Data are
drawn from the ongoing longitudinal Cardiovascular Risk in Young Finns
Study, which is combined with register-based data from Statistics Finland. The
thesis consists of four empirical studies organized in separate chapters. The
study chapters are preceded by an introductory chapter presenting the
background literature and an overview of the thesis, including the research
questions, data, and main results.

Chapter 2 analyzes the role of childhood physical activity in academic
achievement and subsequent educational attainment. We find that physical ac-
tivity level and an increase in physical activity level during childhood are posi-
tively related to grade point average at the end of compulsory basic education
and years of post-compulsory education in adulthood.

Chapter 3 examines the association between childhood physical activity
and adulthood earnings. The results show that, among men, childhood physical
activity is positively related to long-term earnings calculated over a 10-year pe-
riod. Among women, no such clear relation is found.

Chapter 4 further studies the relationship between childhood physical ac-
tivity and long-term labor market outcomes by focusing on employment and
unemployment. The results indicate that childhood physical activity is positive-
ly related to employment months and negatively related to unemployment
months. As well, persistently active individuals have the highest employment
levels and lowest unemployment levels compared with other activity groups.

Chapter 5 scrutinizes the role of annual earnings in self-reported and ob-
jectively measured physical activity. The results suggest that higher incomes are
associated with higher self-reported physical activity in both genders, whereas
the results from the objective measures of physical activity are gender-specific
and depend on the measurement day (weekday vs. weekend).

Keywords: physical activity, academic achievement, educational attainment,
earnings, employment, unemployment, register-based data
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1 INTRODUCTION

The importance of physical activity and the detriments of physical inactivity for
health and well-being are well documented. Among children and youth, strong
evidence that physical activity improves cardiorespiratory and muscular fitness,
cardiovascular and metabolic health biomarkers, bone health, and body mass
has been demonstrated (Physical Activity Guidelines Advisory Committee,
2008; Lee et al., 2012; Murray and Lopez, 1997; Raitakari et al., 1997; World
Health Organization, [WHO], 2010). Physical inactivity, in contrast, has been
identified as the fourth-leading risk factor for global mortality, ahead of, for
example, obesity (Lee et al., 2012; WHO, 2010). It is estimated that physical
inactivity is a principal cause for approximately 21%-25% of breast and colon
cancer burden, 27% of diabetes burden, and 30% of ischemic heart disease
burden (WHO, 2009). Nevertheless, only around one-fifth of children and youth
are estimated to be sufficiently active and meet the current physical activity
recommendations for health (WHO, 2014; Ekelund et al., 2011; Hallal et al., 2012;
Tremblay et al., 2016; Tammelin et al., 2016).

Research related to the economics of physical activity has increased in re-
cent years. Coldiz (1999), Ding et al. (2016), Katzmarzyk et al. (2000),
Katzmarzyk and Janssen (2004), Kohl et al. (2012), and Lee et al. (2012), among
others, document increasing healthcare costs due to physical inactivity. Studies
by, for example, Lechner (2009), Hyytinen and Lahtonen (2013), Rooth (2011),
Kavetsos (2011), and Lechner and Downward (2017) examine the associations
between adulthood physical activity and labor market outcomes, while Meltzer
and Jena (2010) and Humphreys and Ruseski (2006, 2011) scrutinize the reverse
relationship between individuals’ economic resources and physical activity.
These studies” findings consistently show that higher physical activity in adult-
hood is related to higher labor market returns and that higher individual eco-
nomic resources are related to higher physical activity. Additionally, evidence
indicates that physical activity contributes positively to learning outcomes (Ste-
vens et al., 2008; Fox et al., 2010) and is related to higher levels of education
(Long and Caudill, 1991; Barron et al., 2000; Pfeifer and Cornelifien, 2010). The
economy-level perspective is adopted by, for example, Ruhm (2000), who sug-
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gests that participation in physical activity increases when the economy deteri-
orates.

In a recent study, Ding et al. (2016) estimate the direct healthcare costs,
productivity losses, and disability-adjusted-life-years (DALYs) attributable to
physical inactivity worldwide. In 2013, physical inactivity caused approximate-
ly INT$ 53.8 billion of direct healthcare costs, $13.7 billion in productivity losses,
and 13.4 million DALYs (Ding et al., 2016). Moreover, Katzmarzyk and Janssen
(2004) show that the total economic costs! of physical inactivity represented ap-
proximately 2.5% of the total Canadian healthcare costs in 2001. Lechner (2009)
and Rooth (2011), in turn, find a positive association between physical activity
and labor market returns, and Hyytinen and Lahtonen (2013) report similar
findings for men based on Finnish twin data. Rooth (2011) also suggests that
employers may interpret physical activity as a positive signal. In particular,
Rooth (2011) finds that individuals who indicate in job applications that they
are physically active have higher probability of receiving callbacks to job inter-
views. Using cross-sectional data from 25 European countries, Kavetsos (2011)
shows that physically active individuals have a higher probability of being em-
ployed, while Lechner and Downward (2017) find a negative association be-
tween sports participation and unemployment. Considering the relationship in
reverse, Meltzer and Jena (2010) and Humphreys and Ruseski (2006, 2011) find
that individuals with higher incomes report higher physical activity levels. Re-
garding educational outcomes, prior studies suggest that physical activity is
positively related to, among others, mathematics and reading achievement
(Stevens et al., 2008), grade point average (GPA) (Fox et al., 2000), graduation
rates (Long and Caudill, 1991), and post-secondary education (Barron et al.,
2000; Pfeifer and Cornelifsen, 2010).

Despite this research, very little is known about the longitudinal associa-
tions among physical activity, educational attainment, and labor market out-
comes. In particular, many previous studies lack register-based information on
post-compulsory education and labor market outcomes. Additionally, a grow-
ing number of recent population-based studies use objective measures of physi-
cal activity (e.g., pedometers and accelerometers), in addition to self-reported
questionnaires. However, little is known about the association between income
and physical activity using both self-reported and objective measures of physi-
cal activity. Thus, there exists a notable gap in economic research, which raises
important questions: can childhood physical activity have longitudinal conse-
quences for post-compulsory education, labor market returns, and labor market
participation? In particular, can childhood physical activity explain differences
in individuals” academic achievement, educational attainment, and labor mar-
ket outcomes? Can individuals” economic resources explain adulthood physical
activity behavior, and does this association depend on the measurement type of
physical activity?

1 The estimates include direct healthcare costs and indirect costs, which include the
value of economic output lost because of illness, injury-related work disability, or
premature death (Katzmarzyk and Janssen, 2004).
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Answering these questions is important for several reasons. First, under-
standing whether and how economic resources are related to individuals” phys-
ical activity behavior might make it possible to improve individual health and
well-being by paying attention to the development of these characteristics. For
example, understanding the economic determinants of physical activity could
aid health promoters and employers in implementing efficient tools for increas-
ing physical activity among individuals from different socioeconomic back-
grounds. Second, understanding whether and how childhood physical activity
is related to later educational attainment and the development of working ca-
reers could encourage developing programs and interventions aiming to foster
children’s participation in physical activity. This could push the young toward
more physically active lifestyles, and improve their educational attainment and
labor market outcomes in later life, providing both personal and societal bene-
fits. In a broader context, possibilities for improving labor force” productivity
are important, given that higher productivity increases economic welfare and
strengthens competitiveness.

The purpose of this thesis is to examine the longitudinal associations be-
tween physical activity, educational attainment, and labor market outcomes.
This thesis consists of four studies organized into separate chapters. The first
three studies (Chapters 2, 3, and 4) focus on childhood physical activity, aca-
demic achievement, educational attainment, and labor market outcomes. The
fourth study (Chapter 5) explores the relationship between individuals” eco-
nomic resources and adulthood physical activity behavior. More specifically,
the purpose of the first study is to investigate the role of childhood physical
activity in academic achievement at the end of compulsory basic education and
in post-compulsory educational attainment in adulthood. The second study ex-
amines whether participation in physical activity outside school hours is related
to long-term earnings in adulthood. The third study further investigates the
relationship between childhood physical activity and labor market outcomes in
adulthood. In particular, whether labor market outcomes, including employ-
ment status, employment months, and unemployment months, differ according
to childhood physical activity behavior. The fourth study provides information
about the correlates of adulthood physical activity and studies the role of annu-
al earnings in self-reported and objectively measured physical activity.

The remainder of this introductory chapter is organized as follows. Section
1.1 defines the concept of physical activity, introduces the economic framework
behind the decision to participate in physical activity, and reviews earlier
literature related to physical activity, educational attainment, and labor market
outcomes. This is followed by a section that provides an overview of the thesis,
including the research questions, data, and methods. Section 1.2 also presents
the main findings, limitations, suggestions for future research, and concluding
remarks.
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1.1 Background

Examining the role of physical activity in educational and labor market out-
comes requires first understanding the decision to participate in physical activi-
ty. Especially, why are people physically active and who is more likely to partic-
ipate in physical activity. This background section first defines the concept of
physical activity and then introduces the economic framework behind the deci-
sion to participate in physical activity. In particular, the models of Becker (1965),
Grossman (1972), and Cawley (2004) are presented. Thereafter, decisions re-
garding participation in physical activity are linked to economic outcomes.
Covering the scope of this thesis, the following subsection presents a review of
the literature related to educational and labor market outcomes.

1.1.1 Concept of physical activity

Physical activity is defined as any bodily movement caused by skeletal muscles
that requires energy expenditure (Caspersen et al., 1985). In daily life, physical
activity is typically divided into five categories: occupational, sports, condition-
ing, household, and other activities (Caspersen et al., 1985).

The Global Recommendations on Physical Activity for Health (Physical
Activity Guidelines Advisory Committee, 2008; WHO, 2010) urge children
(aged 5-11 years) and youth (aged 12-17 years) to engage in at least 60 minutes
of moderate to vigorous-intensity physical activity daily. Additionally, vigor-
ous-intensity activities, including activities that strengthen the muscles and
bones, should be incorporated at least three times per week. For adults, the rec-
ommended level of weekly physical activity is at least 150 minutes of moderate-
intensity aerobic physical activity, 75 minutes of vigorous-intensity aerobic
physical activity, or an equivalent combination of these two. Muscle-
strengthening activities, including major muscle groups, should also be includ-
ed at least two times per week. (Physical Activity Guidelines Advisory
Committee, 2008; WHO, 2010.)

The overall physical activity levels among children and youth are low in
many countries (Ekelund et al., 2011; Hallal et al., 2012; Tremblay et al., 2016),
and Finland is not an exception (Tammelin et al., 2016). Globally, according to
the WHO’s (2014) Global status report, 84% of girls and 78% of boys aged 11-17
years do not reach the recommended level of activity, while the percentage for
adults is 23%. In Finland, 60%-80% of children and youth do not meet the rec-
ommendations (Tammelin et al., 2016). When focusing on the changes in physi-
cal activity levels during the years, according to 1993/1994 Health Behavior in
School-aged Children (HBSC) study (WHO, 1996), 85% of Finnish boys aged 11
years and 70% of boys aged 15 years reported being physically active at least 2
to 3 times per week outside school hours. The percentages for girls were 75 and
62. The latest HBCS survey, conducted in 2013/2014 shows that 69% of boys
and 66% of girls aged 11 years and 68% of boys and 69% of girls aged 15 years
reported participating in vigorous physical activity for at least two or more
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hours per week (Inchley et al., 2016). According to Borodulin et al. (2016), ap-
proximately 20% of Finnish adults were physically inactive in 2012. During the
past 30 years, however, leisure-time physical activity has slightly increased,
while occupational and commuting physical activity trend downward (Borodu-
lin et al., 2016).

Typically, economic studies use self-reported measures of physical activity
(e.g., Hyytinen and Lahtonen, 2013; Lechner, 2009; Lechner and Sari, 2015) with
few exceptions (see e.g., Rooth, 2011). Some studies focus only on the frequency
of physical activity (e.g., Kavetsos, 2011; Kosteas, 2012; Lechner, 2009) or high
school athletic participation (e.g., Barron et al., 2000; Ewing, 1998; Ewing, 2007;
Long and Caudill, 1991; Stevenson, 2010). For example, Lechner (2009) bases
sports participation on the frequency of adulthood physical activity (at least
every week, at least every month but not every week, less often than every
month, and none) and then formulates two activity levels: active at least month-
ly and being active less than monthly. Kavetsos (2011) measures the frequency
of physical activity (3 times a week or more, 1-2 times a week, 1-3 times a
month, less often, never) across data from 25 European countries. Most studies
on high school athletic participation use binary variables to illustrate sports par-
ticipation. For example, Long and Caudill (1991) formulate a binary variable for
college athletes that equals 1 if a student earns a varsity letter in a college and 0
otherwise. Similarly, Ewing (1998) uses a binary variable that equals 1 if an in-
dividual participates in high school athletics and 0 otherwise. Pfeifer and Cor-
neliffen (2010) use retrospective information on physical activity. The partici-
pants aged 17-99 years are asked whether they participated in sports and sports
competitions other than school gym activities during childhood and adoles-
cence.

Different measures of physical activity in the economic literature are used
by, for example, Hyytinen and Lahtonen (2013), Rooth (2011), and Lechner and
Sari (2015). Hyytinen and Lahtonen (2013) measure physical activity with sev-
eral questions covering monthly frequency, duration, intensity of physical ac-
tivity sessions, individuals” opinions of overall physical activity level, and ac-
tive commuting to and from work. Based on responses to these questions,
Hyytinen and Lahtonen (2013) develop a categorical classification of physical
activity, in which the most active group includes individuals who report engag-
ing in physical activity at least 6 times per month for a mean duration of at least
30 minutes and with a mean intensity corresponding to at least vigorous walk-
ing or running. Rooth (2011), in contrast, uses two measures of physical activity:
signaling leisure sports activities during the hiring process and objectively
measured cardiovascular fitness (physical fitness). Rooth (2011) conducts a field
experiment in Sweden, sending more than 8,000 fictitious job applications to
nearly 4,000 employers. In Rooth’s (2011) study, objectively measured physical
fitness corresponds to the maximum watts attained on a stationary bike divided
by the individual's body weight. Finally, Lechner and Sari (2015) divide re-
spondents into three groups according to the current physical activity recom-
mendations for health. Individuals are classified as physically active if their dai-
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ly energy expenditure from all leisure-time physical activities (LTPA) exceeds 3
kcal/kg, moderately active if their daily energy expenditure varies between 1.5
and 3 kcal/kg from all LTPA, and physically inactive, if their daily energy ex-
penditure falls below 1.5 kcal/kg from all LTPA (Lechner and Sari, 2015).

1.1.2 Correlates of physical activity

From the economic perspective, Becker’s (1965) allocation-of-time model for
non-working time, Grossman’s (1972, 1999) demand-for-health-model, and
Cawley’s (2004) sleep-leisure-occupation-transports-home (SLOTH) model are
examples of models aimed at explaining why people choose to participate in
physical activity.

Becker (1965) derives the allocation-of-time-model from the traditional in-
come-leisure-tradeoff model of labor supply, in which individuals first decide
whether to work or not and, once employed, how many hours to work. Becker’s
(1965) model assumes that individuals within a household derive their utility
from consumption and production of basic commodities, such as going to the
movie theater, eating at a restaurant, and spending time on physical activity, by
combining time and market goods subject to budget constraint. In the income-
leisure-tradeoff, the production and consumption of basic commodities requires
time, which is called non-working time. As Becker (1965, pp. 493) states, “the
allocation and the efficiency of non-working time may be more important to economic
welfare than that of working time; yet the attention paid by economists to the latter
dwarfs any paid to the former.”

Drawing on Becker’s (1965) model, Grossman (1972; 1999) constructs the
demand-for-health-model, which threats health capital as one component of
human capital. In sum, the model assumes that individuals have an innate stock
of health that depreciates with age and can be increased or decreased by health
inputs. Examples of inputs include housing, diet, smoking, alcohol consump-
tion, and physical activity. Efficiency depends on the amount of health obtained
from a given amount of health inputs. Compared with other forms of human
capital in which individuals” stock of knowledge affects market and nonmarket
activities, in this model, health determines the total amount available on market
and nonmarket activities. Gerdtham et al. (1999) employs Grossman’s (1972)
model and empirically tests the demand for health in Swedish data. Three
measures of overall health status are used and health inputs include, for exam-
ple, smoking, alcohol consumption, body mass, and the degree of sporting ac-
tivities. Gerdtham et al. (1991) find that the demand for health decreases with
overweight and smoking and increases with higher level of sporting activities.
In particular, sports participation is a strong predictor of health status.

Cawley (2004) utilizes Becker’s (1965) framework to derive the SLOTH
model. The underlying assumption of the model arises from the observation
that individuals choose how to allocate their 24 hours of the day to competing
activities such as sleeping, leisure, occupation, transportation, and home pro-
duction in order to maximize their lifetime utility subject to time, budget, and
biology constraints. In every domain, except sleeping, individuals may choose
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whether to be physically active, and these decisions depend on their differing
preferences. Once an activity is chosen, the next decision involves how long, at
what intensity, and how often to engage in it.

Humphreys and Ruseski (2006) extend the Cawley’s (2004) SLOTH model
and develop a consumer choice model of participation in physical activity. In
this model, individuals face two distinct decisions: 1) whether to participate in
physical activity, and 2) how much time to spend in physical activity. The utili-
ty maximization problem has three components: individuals” decisions to par-
ticipate in physical activity (A), duration of physical activity sessions (T), and
individuals” decisions to engage in other activities (Z). Individuals choose A, T,
and Z to maximize their utility subject to time and budget constraints. Using
data from the Behavioral Risk Factor Surveillance System, Humphreys and
Ruseski (2006) empirically test the model. The study includes more than 175,000
Americans with a mean age of 47 years. Physical activity questions cover the
frequency, type, and duration of physical activity sessions. The empirical re-
sults suggest that higher income is positively associated with the probability of
participating in physical activity, but the effect is relatively small: a US$10,000
increase in income increases the probability of participating in physical activity
by 1%. The results also provide evidence that economic factors affect the choice
to participate in physical activity, and the time spent in physical activity in op-
posite directions: higher income increases the probability of participating in
physical activity but decreases the amount of time spent in physical activity.
(Humphreys and Ruseski, 2006.)

Meltzer and Jena (2010) utilize Becker’s (1965) and Grossman’s (1972)
models and introduce the costs of health investments to the literature of the al-
location-of-time-model. Meltzer and Jena (2010) analyze the role of time con-
straints in physical activity and examine whether the intensity of physical activ-
ity sessions increases relative to the time spent on physical activity as wages rise.
In Meltzer and Jena’s (2010) model, individuals” utility depends on three com-
ponents: health (H), intensity of physical activity sessions (I), and consumption
of composite goods (X). The model assumes that utility increases with respect to
H and X and decreases with respect to I. The model includes two constraints —
budget constraints for time and for goods —which depend on hours worked,
hourly wages, income endowments, and the price of X. The results suggest that
people respond to higher time costs of physical activity by increasing the inten-
sity of physical activity sessions: individuals in the highest income group record
approximately 26% higher energy expenditures and 3% higher exercise intensi-
ty than individuals in the lowest income group. Thus, Meltzer and Jena (2010)
suggest that, while higher income enables more opportunities to invest in
health, it also makes investments more costly due to the use of time. Therefore,
individuals with higher incomes may increase the intensity rather than the du-
ration of physical activity sessions.

Finally, Brown and Roberts (2011) modify the time allocation framework
based on Becker’s (1965) and Cawley’s (2004) models and empirically determine
the factors related to participation in physical activity using 2001-2006 data
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drawn from the Household Income and Labour Dynamics of Australia survey.
The study sample consists of women (n=6,379) and men (n=6,767) with an age
range of 18-65 years (Brown and Roberts, 2011). In the model, individuals have
a finite amount of time to devote to market work, nonmarket work, and leisure.
The model assumes that the opportunity cost of physical activity increases due
to work and home commitments; that is, they make individuals less likely to
participate in physical activity. Brown and Roberts (2011) confirm this assump-
tion empirically: the negative association between education level and frequen-
cy of physical activity suggests a possible trade-off between nonmarket work,
market work, and physical activity. Moreover, Brown and Roberts (2011) find
that the impact of non-labor income has a relatively small impact on the fre-
quency of physical activity, less than 1%. Therefore, Brown and Roberts (2011)
imply that subsidies to promote participation in physical activity among work-
ing individuals may lead to a less than 1% increase in the frequency of physical
activity.

Regarding the question of who is more likely to be physically active, a sys-
tematic review by Bauman et al. (2012) summarizes the correlates and the de-
terminants of physical activity presented in earlier empirical literature?. In sum,
a small number of variables are identified as consistent correlates of physical
activity: family social support among adolescents; male sex, self-efficacy, and previ-
ous physical activity among individuals of all ages; and reported health and inten-
tion to exercise among adults (Bauman et al., 2012). Examples of studies examin-
ing the economic correlates of physical activity include Farrell and Shields (2002)
and Mclnnes and Shinogle (2009). In general, the evidence suggests a positive
association between individuals” economic resources and physical activity. For
example, Farrel and Shields (2002) provide clear evidence that income increases
the probability of sports participation and that low income may act as a barrier
to participate in physical activity. Similarly, McInnes and Shinogle (2009) find
that individuals with higher incomes are more likely to participate in physical
activity than individuals with lower incomes.

1.1.3 Physical activity in relation to educational and labor market outcomes

The first researchers to set out to estimate physical activity benefits for educa-
tional and labor market outcomes focus mostly on high-school athletic partici-
pation, while fewer examine childhood leisure-time physical activity. A grow-
ing amount of recent studies analyzes the labor market returns of adulthood
physical activity. Table 1 summarizes the main findings presented in the litera-
ture.

2 Studies by Trost et al. (2002) and Sterdt et al. (2014) are other examples of systematic
reviews on the correlates of physical activity. Additionally, Cabane and Lechner
(2015) view a wide range of literature in economics, epidemiology, sports sciences,
and social sciences and summarize the reasons for adults’ participation in physical
activity.
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TABLE1 Main findings in the literature

Focus Main findings
High school athletic e Higher academic achievement (grade point average)
participation (Lipscomb, 2007; Rees and Sabia, 2010)

e Higher graduation rates (Long and Caudill, 1991)

e Higher level of post-secondary education among men
(Barron et al., 2000)

e Higher college enrollment and labor force participation
among women (Stevenson, 2010)

e Positive relation to union membership, performance pay,
and supervisory status among men (Ewing, 1998)

e Higher educational attainment and earnings among black
male athletes, higher educational attainment among
white female athletes, and lower educational attainment
among white male athletes (Eide and Ronan, 2001)

e Higher earnings among men (Long and Caudill, 1991;

e Barronetal 2000)
Childhood and adoles- e Higher educational attainment (Pfeifer and Cornelien,
cent physical activity 2010)

e Higher levels of autonomy at work and more managerial
responsibilities (Cabane and Clark, 2015)

e Improvements in educational outcomes: cognitive skills,
school grades and future educational plan from joint en-
gagements in music and sport activities (Cabane et al.,

200
Adulthood physical e Higher earnings among women and men (Lechner, 2009;
activity Kosteas, 2011; Lechner and Sari, 2015)

e Higher earnings among men (Cabane, 2010; Rooth, 2011;
Hyytinen and Lahtonen, 2013)

e Quicker transition from unemployment to employment
among women (Cabane, 2014)

e Higher probability of employment (Kavetsos, 2011)

e Higher educational attainment and occupational out-
comes among men (Aberg et al., 2009)

e Higher probability of callbacks to job interviews (Rooth,
2011)

e Higher initial access to employment and higher earnings
(Lechner and Downward, 2017)

In a research stream starting in the early 1990s, Long and Caudill (1991) find
that women and men who participate in varsity athletics at the college level
have a higher probability of graduating, and among men, college athletic partic-
ipation is also related to higher subsequent earnings. Long and Caudill’s (1991)
study involves nearly 10,000 freshmen from 487 American colleges who partici-
pated in baseline interviews in 1971 as a part of an ongoing study of higher ed-
ucation by the American Council of Education. The re-interviews with ques-
tions on college activities (athletic participation), educational attainment, and
annual earnings were conducted in 1980 (Long and Caudill, 1991). Aligning
with Long and Caudill (1991), Barron et al. (2000) find that high school athletic
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participation is related to higher subsequent educational attainment and wages.
Barron et al. (2000) also analyze the relationship between high school sports and
employment. However, the results do not support the view that male athletes
are more likely to be employed than non-athletes. The study includes only men
(n=4,061) and the data relies on two data sets: the National Longitudinal Survey
of Youth (NLSY) and the National Longitudinal Study of the High School Class
of 1972. When the measures of ability (comprehensive tests on mathematics,
verbal skills, and reading) and high-school rank are taken into account, the es-
timates for education and wages decrease but remain significant (Barron et al.,
2000). Ewing (1998) also utilizes the NSLY data and focuses only on men
(n=1,301) to study the labor market returns of high school athletic participation.
Labor market outcomes include three measures: performance pay, union mem-
bership, and number of workers supervised by the respondents. In sum, Ewing
(1998) finds that high-school athletic participation is positively related to labor
market outcomes regardless of outcome variable: athletes are more likely to be
employed in jobs paid based on performance, to belong to unions, and to hold
supervisory positions.

Eide and Ronan (2001), Lipscomb (2007), and Rees and Sabia (2010) fur-
ther investigate the role of high school sports in educational and labor market
outcomes. Using data from the National Education Longitudinal Study of 1998
(n=16,449), Lipscomb (2007) finds both immediate and long-term effects from
sports participation. High school athletic participation is associated with an ap-
proximately 2% increase in math and science test scores, club participation with
an approximately 1% increase in math test scores, and involvement in either
activity with an approximately 5% increase in bachelor-degree attainment ex-
pectations (Lipscomb, 2007). Rees and Sabia (2010) also examine the role of high
school sports participation in academic achievement. In particular, the data are
drawn from the National Longitudinal Study of Adolescent to Adult Health
(Add Health) and ordinary least squares (OLS), fixed effects (FE), and instru-
mental variable (IV) models are employed. Like Lipscomb (2007), Rees and
Sabia (2010) find a positive association between sports participation and aca-
demic achievement as measured by GPA in math and English. However, the FE
and IV (with height as an instrument) estimates are smaller (FE) than the corre-
sponding OLS estimates or are insignificant and negative (IV). Eide and Ronan
(2001) further examine the associations of high school sports by including both
educational and labor market outcomes in the analysis. Educational attainment
consists of three measures (dropping out of high school, college enrollment, and
college graduation), while labor market outcomes are defined as earnings
measured ten years after the respondents” senior year in high school. An IV ap-
proach is employed, and students” height at age 16 is used as an instrument.
The results indicate that the associations differ by race and ethnicity: among
white male students, sports participation is related to lower educational attain-
ment, whereas among white female students, sports participation increases ed-
ucational attainment. Among black male students, sports participation is relat-
ed to both higher educational attainment and higher earnings, and among His-
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panic men and Hispanic and black women, no association is found. (Eide and
Ronan, 2001.)

Similarly to, for example, Barron et al. (2000), Eide and Ronan (2001), and
Rees and Sabia (2010), Stevenson (2010) uses an IV approach to tease out the
causal relationship between high school athletic participation, subsequent years
of education, and labor market outcomes, particularly employment status, oc-
cupation, and wages. Stevenson (2010) uses Title IX as an instrument, a law,
which was launched in 1972 and which banned gender discrimination in feder-
ally funded educational institutions in the United States. Regarding athletic par-
ticipation, Title IX mandates that schools increase their female athletic participa-
tion rates equal to their male athletic participation rates. Stevenson (2010) finds
that a 10 percentage-point increase in female sports participation is related to a
1 percentage-point higher female college attendance and a 1-2 percentage-point
increase in female labor force participation (1.3 percentage points in the proba-
bility full-time employment). Regarding wages, Stevenson (2010) indicate that
increased wages result solely from the rise in labor force participation.

Pfeifer and Corneliflen (2010), Cabane et al. (2016), and Cabane and Clark
(2015) are examples of studies that estimate the role of childhood or adolescence
physical activity, instead of high school athletic participation, in educational
and labor market outcomes. Pfeifer and Cornelifsen (2010) and Cabane et al.
(2016) focus on educational outcomes, and Cabane and Clark (2015) on labor
market outcomes. Using German Socio-Economic Panel (SOEP) data, Pfeifer
and Cornelifien (2010) show that participation in outside school athletic activi-
ties during adolescence is positively related to educational attainment meas-
ured by attainment of secondary school diplomas and professional degrees. The
study sample consists of individuals (n=6,050) who have completed their edu-
cation (age range: 17-99 old) and the information on physical activity during
adolescence is retrospective (Pfeifer and Corneliien, 2010). Using the same
SOEP data, Cabane et al. (2016) assess the role of playing music, practicing
sports, or both at age 17 years in educational and health outcomes, including
school grades (math, German, and foreign languages), school type, plans to at-
tend university, and cognitive skills measured by standardized tests (word
analogies, figures, and mathematics operators). The questions regarding physi-
cal activity and sports cover the frequency of physical activity, type of physical
activity, and participation in sports competitions®. An IV approach is employed
and parental artistic activities are used as an instrument (Cabane et al., 2016).
Cabane et al. (2016) find that playing music and sports during adolescence have
different implications for health and educational outcomes. In particular, musi-
cally active adolescents earn better grades in languages and attend more likely
to upper secondary school and university than physically active adolescents. As
well, physical activity is positively related to subjective health.

3 In the baseline models, an individual is considered to be musically active based on
the following criteria: 1) plays a musical instrument at age 16 or 17 years; and 2)
starts to play musical instrument at age 14 years or younger. Similarly, individuals
are considered to be physically active if they are active in sports at age 16 and 17
years and start their main sport at age 14 years or younger.



24

Finally, Cabane and Clark (2015) use data from two waves of the Add
Health survey to analyze the relationship between childhood sporting activities
and adulthood labor market outcomes. The study sample consists of children in
grades 7 and 12 at baseline (1994-1995 academic year). Their labor market out-
comes are obtained 13 years later, when the participants” age ranges from 24 to
32 years. Childhood sporting activities are divided into three groups: active
transportation (e.g., cycling, roller-skating), exercise (individual sports such as
jogging, dancing, and gymnastics), and active sports (team sports such as bas-
ketball, baseball, and soccer). Labor market outcomes consist of five variables:
probability of employment, wages, managerial responsibilities, autonomy at
work, and job satisfaction. The results suggest that the associations vary by the
outcome variable and type of physical activity. For example, individual sports
(exercise) predict adulthood managerial responsibilities, whereas team sports
(active sports) predict autonomy at work. No association involving employ-
ment probability, wages, and job satisfaction are found. The results also seem to
differ by gender as team sports have a larger effect on boys” adulthood labor
market outcomes and individual sports on girls’ labor market outcomes.

Lechner (2009), Cabane (2010), Kavetsos (2011), Rooth (2011), Kosteas
(2012), Hyytinen and Lahtonen (2013), Cabane (2014), Lechner and Sari (2015),
and Lechner and Downward (2017) analyze the labor market returns of adult-
hood physical activity. Using SOEP data from 1984-2006, Lechner (2009) shows
that physical activity is positively related to monthly earnings and hourly wag-
es among women (n=3,253) and men (n=3,498). Hyytinen and Lahtonen (2013)
report similar findings for men (n=5,042) based on Finnish twin data (Older
Finnish Twin Cohort Study). According to Hyytinen and Lahtonen (2013), the
long-term income premium over 1990-2004 is 14%-17% among physically ac-
tive males, while Lechner (2009) reports an earnings gain of approximately 100
euros per month and 1 euro per hour. Lechner (2009) also analyzes the labor
supply effects of physical activity. Among women, the results suggest that in-
creased probability of full-time employment accompanies a declining share of
women considered to be out-of-the-labor force; among men, no association is
found (Lechner, 2009).

Cabane (2010) demonstrates how adulthood extracurricular activities
(sports participation, artistic activities, or volunteer work) favor life success in
terms of individuals’ job quality measured by hourly wage and level of auton-
omy at work. Due to the specificity of woman’s career paths, Cabane (2010) ex-
cludes women from the sample, and the study focuses only on men aged 16-55
years. As in Lechner (2009) and Pfeifer and Corneliflen (2010), among others,
the data are drawn from SOEP and the study covers the years from 1991 to 2007.
For sports practice, a dummy variable of practicing sports at least once a week
is formulated. The results suggest a positive association between sports partici-
pation and wage levels. No clear association of wages is observed with levels of
autonomy or other extracurricular activities, such as artistic activities or volun-
teer work. Cabane (2010), however, finds that artistic activities are positively
related to autonomy levels. Using the same SOEP data Cabane (2014) further
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examines the role of sports participation in labor market outcomes, with a spe-
cial focus on unemployment duration. A quicker transition from unemploy-
ment to employment is found among those who practice sports at least weekly.
In particular, not previously physically active women who practice sports dur-
ing unemployment spend less time unemployed. Among men, no such clear
association is found. Using cross-sectional data from 25 European countries,
Kavetsos (2011) also examines the role of physical activity in employment prob-
ability. In sum, Kavetsos (2011) finds a positive association between physical
activity and employability as being physically active increases the probability of
employment by 5% among men and 3.8% among women.

Aberg et al. (2009) and Rooth (2011) analyze the longitudinal associations
of physical activity, educational attainment, and labor market outcomes among
Swedish men. Aberg et al. (2009) extends the literature by using objectively
measured cardiovascular fitness (physical fitness), that is, the maximum watts
attained on a stationary bike divided by the individual’s body weight, as a start-
ing point for the analysis. Aberg et al., (2009) includes all Swedish men born
between 1950 and 1976 who enlisted to the military service at age 18 years
(n=1,221,727). According to results, higher physical fitness at age 18 years is
associated with higher educational attainment (university vs. high school) and
higher occupational outcomes (professions ranked by high and low socioeco-
nomic status) later in life. Rooth (2011), in turn, uses two unique data sets from
Sweden to examine the role of adulthood physical activity in labor market out-
comes. The first data set consists of all Swedish men who enlisted in the mili-
tary between 1984 and 1997 and were 28-38 years old in 2003 (n=446,930%). In-
stead of physical activity, in line with Aberg et al, (2009), the study focuses on
physical fitness. The baseline results indicate a statistically significant fitness
premium: one standard deviation increase in physical fitness is associated with
7% higher earnings. When including all the control variables (e.g., family fac-
tors, non-cognitive skills) the physical fitness premium decreases to 4%. Addi-
tionally, Rooth (2011) conducts a field-experiment in which fictitious job appli-
cations (n=8,466) are submitted to real job openings in the Swedish labor mar-
ket. In the results, individuals who indicate sports skills (team sports or indi-
vidual sports) in their job applications receive 2 percentage-point more
callbacks to job interviews. In the case of physically demanding occupations,
the effect doubles.

Lechner and Sari (2015) use the data from Canadian National Population
Health Survey. The analysis is based on individuals aged 20-44 years in 1994
and who were followed until 2008 (n=4,796). In line with Lechner (2009) and
Hyytinen and Lahtonen (2013), Lechner and Sari (2015) find a positive associa-
tion between sports participation and earnings. In particular, the results suggest
that the income premium rises to 10%-20% after 8-12 years. Regarding other
labor market outcomes, such as employment status and work hours, no associa-

4 The baseline sample consists of 468,312 individuals. Of these, 96% have positive earn-
ings in 2003. To analyze variation between siblings, the sample size is reduced to
144,671 individuals.
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tion is found. Kosteas (2012)° also reports a physical activity premium: physical
activity is related to a 6%-10% increase in earnings. Additionally, the results
suggest that, while moderate physical activity is related to higher earnings, the
effect is even stronger among those who are more physically active (frequently
active) (Kosteas, 2012). Similarly, Lechner and Sari (2015) argue that, to gain
long-term labor market benefits, individuals must meet the recommended lev-
els of physical activity.

Finally, in a recent study Lechner and Downward (2017) examine the as-
sociations between different types of adulthood sports participation and labor
market outcomes in England (n=79,561)¢. The study analyzes five distinct sports
groups: team sports, keep fit activities, racquet sports, leisure activities, and
outdoor activities. Labor market outcomes include two variables: employment
and earnings. Overall, Lechner and Downward (2017) find that sports participa-
tion is associated with an approximately 10% increase in earnings among wom-
en and men of all ages and higher employability among younger women and
men. Regarding different sports groups, Lechner and Downward (2017) find
that team sports contribute more to employability and that fitness and outdoor
sports contribute to higher income.

1.1.4 The mechanism between physical activity and labor market outcomes

Previous studies consistently find that physical activity is positively related to
labor market outcomes, but the mechanism between the variables is unclear.
The literature outlines four potential explanations for this correlation (Figure 1).
The first explanation concerns health. The health benefits of physical activity
are self-evident (Physical Activity Guidelines Advisory Committee, 2008; Lee et
al., 2012; WHO, 2010), and health itself is a significant factor of human capital
(Grossman, 1972). Thus, physical activity may improve health, thereby decreas-
ing absences due to sickness (Amlani and Munir, 2014; Lahti, 2010), encourag-
ing better employee performance (Lahti, 2013), and increasing labor productivi-
ty and earnings (Lechner, 2009; Lechner, 2015). Second, participation in physical
activity, especially organized sports, creates networks (Lechner, 2009), which
may promote career development, leading to a higher labor market outcomes.
Third, physical activity may help to develop cognitive (Aberg et al., 2009;
Barron et al., 2000) and non-cognitive skills (Bailey, 2005; Bailey et al., 2009;
Ewing, 1998), which are rewarded later in the labor market. For example, Aberg
et al.,, (2009), finds that the changes in physical fitness predict changes in cogni-
tive performance: 15-18-year-old adolescents whose physical fitness increases
have higher global intelligence, logical, verbal, visuospatial, and technical
scores than adolescents whose physical fitness decreases. As well, Aberg et al.

5 In line with Barron et al. (2000), Kosteas (2012) utilizes NSLY79 data, including the
1998 and 2000 waves in the analysis. The participants ages range from 33 to 41.

6 Baseline data are drawn from the ongoing Active People Survey and combined with
data on the number of sports facilities at the local-authority level. Other part of the
data are drawn from the Annual Population Survey, which combines the results
from the Labour Force Survey, including data on social and socioeconomic variables.
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(2009) show that higher physical fitness at age 18 years is associated with higher
educational and occupational attainment in later life. Fourth, Rooth (2011)
shows that individuals who include sports activities in job applications have a
higher probability of receiving callbacks to job interviews. Thus, physically ac-
tive individuals might signal to employers their good health, motivations, am-
bitions, and productivity, and therefore can cause a positive discrimination,
which explains the success in individuals” work lives.

Health
Networks k‘
' — Labor market
Physical activity outcomes
Cognitive skills /
and non-cognitive skills
Signaling

FIGURE1 Potential explanations for the correlation between physical activity and labor
market outcomes presented in prior literature
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1.2 Overview of the thesis

1.2.1 Research questions

This thesis consists of four studies organized into separate chapters (Figure 2).
Chapters 2, 3, and 4 examine the role of childhood physical activity in academic
achievement, educational attainment, and long-term labor market outcomes.
Chapter 5 studies the relationship between individuals” economic resources and
physical activity behavior in adulthood. The research questions, by chapter, are:

o Chapter 2: How are physical activity level and the changes in phys-
ical activity level during childhood related to academic achieve-
ment at the end of compulsory basic education and subsequent ed-
ucational attainment in adulthood?

e Chapter 3: How is childhood physical activity associated with long-
term earnings in adulthood?

] Chagter 4: Do the level and the changes in physical activity during
childhood explain adulthood labor market outcomes, particularly
employment status, employment, and unemployment?

e Chapter 5: Are individuals” economics resources (i.e. annual income)
related to adulthood physical activity? Does the association depend
on the measurement type of physical activity (self-reported vs. ob-
jective(liy measured) or the measurement day of physical activity
(weekday vs. weekend)?

Educational outcomes
&e{l * Grade point average
(‘V * Years of education

Childhood physical activity Adulthood physical activity

G
/L?pfe A!’
s 3 Labor market outcomes C‘(@Q

a”dg * Earnings
¢ Employment
¢ Unemployment

FIGURE 2 Framework of the thesis

Chapter 2 investigates whether physical activity level at age 15 years and
changes in physical activity level between the ages of 12 and 15 are associated
with GPA at age 15 and subsequent years of post-compulsory education in
adulthood. The roles of participation in sports club training sessions and sports
competitions in educational outcomes are also examined. Although earlier stud-
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ies show that physical activity is positively related to academic achievement
and educational attainment, some research findings are inconsistent and sug-
gest the existence of unmeasured heterogeneity, selection issues, and the en-
dogeneity of physical activity (see e.g., Barron et al., 2000; Eide and Ronan, 2001;
Rees and Sabia, 2010; Stevenson, 2010). Additionally, earlier economic studies
generally focus on high school athletic participation and use data obtained from
the United States (Barron et al., 2000; Eide and Ronan, 2001; Long and Caudill,
1991; Rees and Sabia, 2010; Stevenson, 2010). Therefore, little is known about
the longitudinal consequences of childhood leisure-time physical activity out-
side school hours for academic achievement and educational attainment within
the same individual and data collected in Europe. As Becker (2009) states, edu-
cation is one of the most important investments in human capital. To inform
and develop physical activity interventions targeted at school-aged children, it
is important to examine whether and how childhood physical activity is related
to educational outcomes during the life course.

Chapter 3 examines the association between childhood physical activity
and long-term earnings in adulthood. Concerning physical activity and labor
market returns, the empirical literature mainly focuses on adulthood physical
activity and high school athletic participation (see e.g., Long and Caudill, 1991;
Barron et al., 2000; Lechner, 2009; Hyytinen and Lahtonen, 2013). Consequently,
there is little information on the longitudinal associations of childhood physical
activity, especially leisure-time physical activity measured outside school hours,
and long-term labor market outcomes in adulthood.

Chapter 4 further examines the relationship between childhood physical
activity and long-term labor market outcomes focusing on employment status,
employment months, and unemployment months. The research presented in
chapter 4 includes three aims. First, the association between childhood physical
activity and the probability of employment is examined. Second, the associa-
tions of childhood physical activity with long-term employment months and
long-term unemployment months are investigated. Third, whether changes in
physical activity level during childhood are related to long-term employment
and unemployment months is scrutinized.

Focusing on childhood physical activity in Chapters 3 and 4 is important
for at least two reasons. First, the literature (e.g., Farrell and Shields, 2002;
McInnes and Shinogle, 2009; Hyytinen and Lahtonen, 2013) suggests that
adulthood physical activity can be partly explained by individuals” economic
resources. This can make the direction of the association between physical activ-
ity and labor market outcomes unclear. Focusing on childhood physical activity
measured before any labor market experience eliminates the potential problem
of reverse causality. Second, the impact of physical activity on labor outcomes
might take time to materialize. The longitudinal study design from childhood
onwards enables studying whether the consequences of physical activity in la-
bor market outcomes start to develop as early as childhood. As well, the policy-
perspective presents at least two reasons for the importance of focusing on
childhood physical activity: if childhood physical activity can boost individuals’
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labor market outcomes in later life, then increasing participation in physical
activity during the life course may constitute an important policy goal. Second,
encouraging children to be physically active, providing equal possibilities for
children to participate in physical activity regardless of socioeconomic back-
ground, and targeting interventions at children and youth with the lowest
physical activity levels should become important policy objectives.

Chapter 5 examines the associations between annual income and physical
activity in adulthood. The study uses three measures to illustrate daily physical
activity: self-reported leisure-time physical activity, pedometer-based daily to-
tal steps, and pedometer-based aerobic steps. In recent years, a growing num-
ber of studies use objective measures of physical activity (e.g., pedometers, ac-
celerometers) (Hallal et al., 2012; Hendelman et al., 2000; Tudor-Locke et al.,
2002; Tudor-Locke and Basset, 2004; Vanhees et al.,, 2005), apart from self-
reported questionnaires. However, studies that investigate the relationship be-
tween income and physical activity by using self-reported and objectively
measured physical activity have not been conducted. A better understanding of
whether and how individuals” economic resources are related to different di-
mensions of physical activity can aid health promoters in implementing effi-
cient tools to increase participation in physical activity by individuals with dif-
ferent socioeconomic backgrounds.

1.2.2 Data and variable definitions

The data in this thesis are drawn from three data sets and cover the period from
1980 to 2011 (Figure 3): 1) the ongoing longitudinal Cardiovascular Risk in
Young Finns Study (YFS); 2) the Finnish Longitudinal Employer-Employee Da-
ta (FLEED) of Statistics Finland, and 3) the Longitudinal Population Census
(LPC) of Statistics Finland. Chapters 2, 3, and 4 utilize all three data sets, and
Chapter 5 YFS and FLEED.

YFS, 1980-2011

A
( \

Baseline FU1 FU2 FU3 FU 4 . FU5 FU6 , FU7
1 1 1 1 1 1 1 1 H L
T T T T T H T 1 : >
1980 1983 1986 1989 1992 1997 2001 2007 2010 2011 Year
LPC, 1980 FLEED, 1997-2010

Note: FU = YFS follow-ups

FIGURE 3 Overview of the data



31

YFS was launched in the late 1970s to study cardiovascular risk in youth (Rai-
takari et al., 2008). The first cross-sectional study was conducted in 1980. Alto-
gether 3,596 children and adolescents aged 3, 6, 9, 12, 15, and 18 years partici-
pated in the baseline study. The participants were randomly chosen boys (51%
boys) and girls (49%) from the population registers of the five Finnish universi-
ty cities with medical schools (Helsinki, Turku, Tampere, Kuopio, and Oulu)
and their rural surroundings to produce a representative sample of Finnish
children and adolescents’. Since 1980, seven follow-ups (1986, 1989, 1992, 2001,
2007, and 2011/2012) have been conducted. Each follow-up has entailed com-
prehensive data collection using questionnaires, physical measurements, and
blood tests measuring, for instance, general health status, blood pressure, life-
style factors, physical activity, and socioeconomic status (see Raitakari et al.,
2008 for additional details). The YFS research protocol has been approved by
the ethics committees of the five universities (Helsinki, Turku, Tampere, Oulu,
and Kuopio), and all participants provide prior written, informed consent.
Moreover, data protection issues are taken into account as specified in current
Finnish law. (Raitakari et al., 2008.)

Register-based FLEED is an annual panel that covers the entire working-
age population of Finland. In this thesis, FLEED data from 1997 to 2010 are used.
FLEED records detailed information on labor market outcomes, such as em-
ployment relationships, unemployment periods, income, and post-compulsory
education. The data come directly from tax and other comprehensive adminis-
trative registers (e.g., employer’s enterprise code, establishment code) and are
maintained by Statistics Finland. Information on family background factors
from 1980 (parental education and family income) are drawn from the register-
based LPC.

Similarly to, for example, Bockerman et al. 2016 and Pehkonen et al. 2015
YFS data are linked to FLEED and LPC data using unique personal identifiers.
This method provides exact matching without misreported identification codes
and avoids problems created by errors in record linkages (Ridder and Moffitt,
2007). Moreover, post-compulsory educational information and labor market
variables do not suffer under- or over-reporting or recall errors. Combining
these three data sets enables tracking the individuals who participated in the
YFS in the baseline year (1980) from childhood to adulthood (Table 2).

7 In the baseline year 1980, altogether 4,320 children and adolescents from six age co-
horts were randomly chosen from the population registers to produce a nationally
representative sample of Finnish children. In practice, boys and girls of each age-
cohort in each study community (Helsinki, Turku, Tampere, Kuopio, Oulu), were
separately placed in a random order based on a unique personal identification num-
ber. Thereafter, every kth girl and every kth boy in each community was selected so
as the sample consisted of the required number of boys and girls. The varying k fac-
tors were determined based on the sample size and the total number of boys and
girls in the different age-cohorts in each community (see Raitakari, et al., 2008 for ad-
ditional details of the cohort profile).
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TABLE2 Links between YFS, FLEED, and LPC and participants” age, 1980-2011

YFS + FLEED + LPC

1980 1983 1986 1989 1992 1997 2001 2007 2010 2011

Cohort 1

(born in 3 6 9 12 15 20 24 30 33 34
1977)

Cohort 2

(born in 6 9 12 15 18 23 27 33 36 37
1974)

Cohort 3

(born in 9 12 15 18 21 26 30 36 39 40
1971)

Cohort 4

(born in 12 15 18 21 24 29 33 39 42 43
1968)

Cohort 5

(born in 15 18 21 24 27 32 36 42 45 46
1965)

Cohort 6

(born in 18 21 24 27 30 35 39 45 48 49
1962)

Notes: YFS — Cardiovascular Risk in Young Finns Study; FLEED — Finnish Longitudinal Employer-
Employee Data; LPC — Longitudinal Population Census. YFS was launched in 1980, with follow-ups
conducted in 1983, 1986, 1989, 1992, 2001, 2007, and 2011. FLEED covers 1997-2010, and LPC 1980.

Physical activity variables are based on YFS data. In each follow-up, physical
activity is measured with a self-reported questionnaire (see Telama et al., 1996;
Telama et al., 2014, Raitakari et al., 2008 for additional details). This thesis uti-
lizes physical activity details from years 1980, 1983, 1986, 1989, 1992, and 2011.
In 1980, 1983, 1986, and 1989, the questions concern the frequency and intensity
of leisure-time physical activity, participation in sports club training sessions,
participation in sports competitions, and most common ways of spending lei-
sure-time (Telama et al.,, 1996, Telama et al., 2014). Following Telama et al.
(1996), the response alternatives are coded 1, 2, or 3 — except participation in
sports competitions, which is coded 1 or 2 — and are summed to form a physi-
cal activity index (PAI), with scores ranging from 5 to 14. In 1992 and 2011, the
questions concern the intensity of leisure-time physical activity, frequency of
intensive physical activity, weekly hours of intensive physical activity, average
duration of physical activity sessions, and membership in a sports club. Follow-
ing Telama et al. (2014), the response alternatives are coded 1, 2, or 3 —except
the membership of a sports clubs in 1992, which is coded 1 or 2— and are
summed to form a PAI (1992), with scores ranging from 5 to 14. In 2011, the PAI
varies with a scores ranging from 5 to 15. In 2011, physical activity is also meas-
ured objectively with a pedometer for seven consecutive days (Hirvensalo et al.,
2011). The results are expressed as total steps per day and aerobic steps per day.
Total steps include every step taken throughout the day, while aerobic steps are
calculated automatically for continuous, uninterrupted walking for more than
10 minutes at a pace of >60 steps/min.
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In chapter 2, academic achievement and educational attainment are indi-
cated by two measures: GPA at age 15 years and years of post-compulsory edu-
cation in adulthood. YFS provides GPA information, which consists of a self-
reported numerical assessment on a scale of 4-10, in which 4 denotes failed and
10 denotes excellent. Information on post-compulsory education is provided by
FLEED. Years of education are calculated by transforming the highest obtained
degree in 2010 into years of education using Statistics Finland’s official esti-
mates for completing a specific degree.

The labor market variables in Chapters 3 and 4 are based on FLEED data.
In Chapter 3, earnings are measured as a logarithm of the average annual wag-
es and salaries calculated over the sample period of 2000-2010. The values are
deflated using the consumer price index with the base year of 2000. Chapter 4
has three labor market variables: employment status, average employment
months, and average unemployment months. Employment status is formulated
as a binary variable, which equals 1 if an individual was employed throughout
the observational year and 0 otherwise (unemployed, retired, or out-of-the la-
bor force). Employment months refer to the average number of months of em-
ployment per year from 1997 to 2010. Similarly, unemployment months refer to
the average number of unemployment months per year over 1997-2010.

In Chapter 5, information on annual income is obtained from YFS and
FLEED. In YFS, information is collected with a self-reported questionnaire in
years 2007 and 2011. To avoid potential misclassification in self-reported in-
come measures, register-based earnings from 2010 are drawn from FLEED.

1.2.3 Methods

The empirical analysis in Chapter 2 consists of four stages. First, in ordinary
least squares (OLS) models, the association between childhood physical activity
and educational outcomes is regressed using the GPA at age 15 years and years
of completed education as the dependent variables and PAI at age 15 years as
an explanatory variable. Second, the role of changes in physical activity level
between ages 12-15 years in educational outcomes is examined. This is done by
constructing two binary variables, which equals 1 if the physical activity level
increases or decreases between the two time points, and 0 otherwise. Third, the
roles of participation in sports club training sessions and participation in sports
competitions in educational outcomes are scrutinized. The original PAI is di-
vided into three parts: 1) a variable representing participation in sports club
training sessions; 2) a variable representing participation in sports competitions;
and 3) the original PAI subtracted from the sports competitions and sports club
training sessions variables. Finally, to alleviate possible endogeneity of child-
hood physical activity, omitted variable bias, and measurement error, the anal-
ysis follows Eide and Ronan (2001), Rees and Sabia (2010), and Pfeifer and Cor-
nelifien (2010): an IV approach is employed, and individuals” body height is
used as an instrument. Following Cabane et al. (2016) who use parental artistic
activities as an instrument for children playing music or sports, parents’ physi-
cal activity details are also selected as an instrument in the IV model.
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In Chapter 3, the empirical analysis is based on the OLS models. In the
baseline analysis, the association between childhood physical activity and sub-
sequent labor market returns is regressed using the logarithm of average annual
earnings over 2000-2010 as the dependent variable and the PAI at ages of 9, 12,
and 15 years as an explanatory variable. The consistency and the robustness of
the OLS results are tested in four ways. First, to alleviate the possibility that
childhood physical activity reflects omitted variables without having an inde-
pendent effect on subsequent labor market outcomes, the models are extended
with several additional covariates, including individual and family background
factors. Following Angrist and Picshke (2009 p. 68), all controls are obtained
before any labor market experience. Thus, future labor market outcomes cannot
have effect on controls measured before labor market entry. Second, to examine
whether the differences between the point estimates reflect the differences in
the sample, the sample size is locked to the participants whose physical activity
details can be tracked at each time points (at ages 9, 12, and 15 years). Third, to
investigate the possibility that the results are driven by physically active indi-
viduals” more intense labor market attachment, the baseline models are aug-
mented with average employment months over 2000-2010. Finally, to examine
whether the quality of the leisure-time physical activity affects the results, the
original PAl is divided into two parts: 1) a variable representing participation in
sports competition; and 2) the original PAI subtracted from the sports competi-
tion variable. The former variable indicates more target-oriented physical activi-
ty, and the latter overall leisure-time physical activity outside school hours.

The analysis in Chapter 4 is based on the OLS model using average em-
ployment months and unemployment months as the dependent variables and
the PAI at ages 9 and 15 years as the explanatory variable. Employment and
unemployment months are calculated for single years in 2000, 2005, and 2010
and over the sample periods of 1997-2010 and 2005-2010. The former covers the
entire working history of YFS participants, while the latter represents the so-
called prime working age, since the YFS participants’ age ranges from 28 to 48
years. The robustness of the results is evaluated with the addition of various
controls, including individual and family background factors. To examine
whether the labor market outcome (employment/unemployment) differs ac-
cording to changes in physical activity level from childhood to youth, individu-
als are divided into five activity groups: persistently active, increasingly active,
moderately active, decreasingly active, and persistently inactive8. Before the

8 The participants are first divided into three groups according to their PAI values at
age 9 years: physically active (PAI values 211), moderately active (PAI values = 9-10),
and physically inactive (PAI values <8). At age 15, the participants are divided into
five activity groups: persistently active, increasingly active, moderately active, de-
creasingly active, and persistently inactive. Persistently active individuals have PAI
values of > 11 ages of 9 and 15. The increasingly active participants raise their physi-
cal activity level from “physically inactive” to “moderately active” or “physically ac-
tive” or from “moderately active” to “physically active”. Moderately active individu-
als have PAI values of 9 or 10 at both ages. Decreasingly active individuals physical
activity level falls from “physically active” to “moderately active” or “physically in-
active”, or from “moderately active” to “physically inactive”. Persistently inactive
individuals have PAI values of < 8 at both ages.
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OLS models, a probit model is employed to illustrate the association between
childhood physical activity and the probability of employment.

In Chapter 5, the baseline OLS analysis examines the association between
annual income and physical activity. Three measures of physical activity are
used: self-reported PAI, pedometer-based total steps per day, and pedometer-
based aerobic steps per day. The baseline models control for socioeconomic
characteristics (age, neighborhood, marital status, number of children, years of
education, work status, and workload); health endowments (summary of the
self-reported number of diseases and body mass index); and family background
factors (family income, parents” education, and parents” physical activity). The
baseline models are extended in three ways. First, to deal with possible misclas-
sification in self-reported income measures, YFS data are linked with register-
based FLEED data. To ensure the comparison with the baseline results, the reg-
ister-based income details are divided into 13 categories, similarly to the self-
reported income information. Second, to alleviate possible measurement error
and omitted variable bias, an IV approach is employed. The data consist of two
possible instruments: income in 2007 and family income in the baseline year of
1980. Finally, to test the role of time constraint, that is, whether the results de-
pend on the measurement day, the pedometer-based physical activity is divid-
ed by weekdays and weekends.

1.24 Main findings

The main findings of each chapter are summarized in Table 3. The results in
Chapter 2 show that childhood physical activity is positively related to academ-
ic achievement at the end of compulsory basic education and to years of subse-
quent education. More specifically, physical activity level at age 15 years and an
increase in physical activity level between ages 12 and 15 years are positively
related to GPA at age 15 years and years of post-compulsory education in
adulthood. The results are robust to controlling for individual and family back-
ground factors, including health endowments, family income, and parents” ed-
ucation. When controlling for prior academic achievement (i.e., GPA at age 12
years), the strength of the association decreases. This implies that the associa-
tion between physical activity and education can be partly attributed to the
higher GPA of physically active children. In line with OLS estimation results,
the IV results indicate a positive association between physical activity and edu-
cational outcomes. In general, the results suggest that childhood physical activi-
ty may not only predict academic success during compulsory basic education
but also boost educational outcomes later in life.

The results in Chapter 3 show a positive association between childhood
physical activity and long-term earnings in men: leisure-time physical activity
at ages 9, 12, and 15 years is related to higher earnings calculated over 2000-
2010. The results are robust while controlling for individual and family back-
ground factors, including health endowments, family income, parents” educa-
tion, and parents’ physical activity. Among women, however, no such clear as-
sociation is found.
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Interestingly, when controlling for employment months, the physical ac-
tivity point estimate decreases among men and becomes statistically significant
among women. This implies that the connection between physical activity and
earnings can be partly attributed to the more intense labor market attachment of
physically active individuals; that is, they experience less unemployment, or
their labor market participation is higher. One explanation for the positive asso-
ciation between physical activity and earnings is that some unobserved traits,
such as ambition, competitiveness, and target orientation are related to physical
activity and earnings. These traits may be more prevalent among competitive
athletes. This explanation is tested by dividing the original PAI into leisure-time
physical activity and participation in sports competitions. The results, however,
do not support the assumption that children who participate in sports competi-
tions receive higher earnings once the overall leisure-time physical activity level
is controlled. Instead, what matters most seems to be the overall physical activi-
ty level, not the single measure of sports competition participation. In general,
the association between physical activity and earnings seems to be more posi-
tive and more robust among men and more volatile for women. One possible
explanation for this is the differences in the labor force participation of fertility-
aged women and men. The results indirectly support this explanation because a
positive association between physical activity and earnings is also found among
women when controlling for employment months.

The findings in Chapter 4 are twofold. First, higher childhood physical ac-
tivity level at ages 9 and 15 years increases the probability of employment, is
positively related to employment months, and is negatively related to unem-
ployment months. Second, individuals who are persistently active during
childhood have the highest level of employment and the lowest level of unem-
ployment. These results remain intact when controlling for pre-existing health
endowments, family income, and parents” education. In a broader perspective,
the results in Chapters 2, 3, and 4 suggest that the consequences of childhood
physical activity on educational attainment and labor market outcomes may
start to develop as early as childhood. Thus, childhood physical activity not on-
ly promotes health but may also contribute positively to educational and labor
market outcomes in later life.

The results in Chapter 5 show that higher adulthood income is associated
with higher self-reported physical activity among both genders. The results are
robust with the inclusion of control variables, including socioeconomic charac-
teristics, health endowments, and family background factors, as well as the use
of register-based income information. The pedometer-based results, in contrast,
are gender-specific: the association is positive among women and negative or
non-existent among men. The pedometer-based results also indicate that the
relationship between income and physical activity may be more complex than
suggested in previous studies, which have used self-reported measures of phys-
ical activity. This complexity is particularly marked in the model that divides
steps by measurement day (weekday/weekend). Among women, income is
positively associated with total steps measured on the weekends and with aer-
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obic steps across the measurement days. Among men, income is negatively as-
sociated with aerobic steps measured on weekdays. In line with Humphreys
and Ruseski (2006), the negative sign of income suggests a possible trade-off
between work and physical activity. During working days, higher income
might increase the opportunity costs of leisure time and consequently reduce
the time spent on physical activity.
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1.2.5 Limitations

The results provide evidence that childhood physical activity is related to edu-
cational and labor market outcomes, but the causality cannot be interpreted. As
prior literature suggests (Figure 1, page 27), there are many potential pathways
through which physical activity might affect educational and labor market suc-
cess: health, networks, cognitive and non-cognitive skills, and signaling. How-
ever, the association might also be spurious and stem from unobserved factors
that simultaneously affect physical activity and the outcome variable of interest.
For example, children from families with more education and wealth might be
encouraged to participate in physical activity and have more opportunities to
invest in physical activity. Simultaneously, whether via nature or nurture, chil-
dren from wealthier and more educated families may obtain higher educational
and labor market returns once they become adults. Thus, better educational and
labor market performances found in Chapters 2, 3, and 4 might have occurred
regardless of the participation in physical activity as a child. Other possible ex-
planations may include an individual’s health, innate ability, or personality.
Although each chapter accounted for an individual’s health endowments and
family background factors (including family size, family income, and parents’
education), a wide range of unobserved factors may remain.

Existing studies examining the effects of physical activity on educational
and labor market outcomes use instrumental variables (IV) (e.g., Barron et al,,
2000; Cabane et al., 2016; Eide and Ronan, 2001; Pfeifer and Cornelifsen, 2010;
Rees and Sabia, 2010; Stevenson, 2010), selection on observables (e.g., Lechner,
2009, Cabane et al., 2016, Lechner and Downward, 2017), or panel data methods
(e.g., Rees and Sabia, 2010; Rooth, 2011) to tackle this endogeneity problem. Fol-
lowing prior studies, an IV approach was employed in Chapter 2. In theory, the
IV method replaces the physical activity variable with a variable that is highly
correlated with physical activity but is uncorrelated with the outcome variable
of interest (Angrist and Pischke, 2009). In practice, however, it is difficult to find
valid instruments, and the same limitation exists in this thesis.

In the case of physical activity, prior studies have used distance to sports
facilities (Felfe et al., 2016), school characteristics (Barron et al., 2000), body
height (Eide and Ronan, 2001; Pfeifer and Cornelifien, 2010; Rees and Sabia,
2010), legislation (Stevenson, 2010), and family background factors (Cabane et
al., 2016) as instruments. In Chapter 2, following Eide and Ronan (2001), Pfeifer
and Corneliflen (2010), Rees and Sabia (2010), and Cabane et al. (2016), an indi-
vidual’s body height and family background factors were selected as instru-
ments to explain the variation in childhood physical activity. Although the IV
results align with the baseline OLS results, there are multiple reasons why an
individual’s body height might not be a good instrument. For example, accord-
ing to Cinnirella et al. (2011) and Magnusson et al. (2006), height is positively
related to educational outcomes. Furthermore, according to Case and Paxson
(2008), an individual’s body height correlates with cognitive ability and, hence,
with educational attainment and labor market success in adulthood. Therefore,
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the results reported in Chapter 2, with an individual’s body height as an in-
strument, should be interpreted with caution.

Another selected instrument in Chapter 2 is parents’ physical activity be-
havior. Clearly, highly educated parents might be more physically active, and if
these educated parents have children who achieve higher educational success
as adults, then the parents’ physical activity behavior might not only affect
children’s educational outcomes through their child’s physical activity behavior.
Therefore, the validity of the instrument might be violated. However, recent
literature has identified genes as an important determinant of physical activity
behavior (see e.g., Bauman et al., 2012; Joosen et al., 2005). This finding means
that the heritable component affects not only fitness aptitude but also physical
activity behavior (Bauman et al., 2012). For example, twin and family studies
have shown that genetic factors contribute to the variation in daily physical ac-
tivity levels (Aaltonen et al., 2010; Joosen et al., 2005). Therefore, using the in-
formation about parents” physical activity was an attempt to capture the herita-
ble component of physical activity behavior.

One notable feature in each chapter is the difference between the results
for men and women. More specifically, in Chapter 2, childhood physical activi-
ty is related to educational outcomes in men regardless of the model specifica-
tions. Among women, however, when controlling for prior academic achieve-
ment, the association becomes insignificant in the case of post-compulsory edu-
cation. In Chapter 3, the positive association between physical activity and
earnings can be seen in men, but not in women. However, when an individual’s
months of employment are controlled for, the association is also significant in
women. In Chapter 4, the association between physical activity and employ-
ment months is significant only in men, while the association between physical
activity and unemployment months is significant among men as well as women.
In Chapter 5, especially the pedometer-based results differ according to gender.

These findings provide clear evidence that the associations between phys-
ical activity, educational attainment, and labor market outcomes are gender-
specific. However, there are at least three issues that has to be discussed while
interpreting these divergent results. First, in each chapter, the gender-specific
results are based on relatively small sample sizes; therefore, the results might be
sensitive to subsampling, which may produce biased estimates.

Second, in the latest YFS follow-up in 2011, the mean age of the partici-
pants was 42 years. Thus, women’s choices regarding childbearing and how
those decisions influence their educational and labor market outcomes are im-
portant to consider when interpreting the results found in Chapters 2, 3, and 4.
Especially in Chapters 3 and 4, the specificity of women’s career paths may lead
to more complex labor supply and occupational choices among women com-
pared to men of the same age. A currently available solution to address this is-
sue is to adjust the models with, for example, the number of children or the
amount of maternity allowances. Both variables are available in FLEED, but
were nevertheless taken into account in the analysis. This was mainly due to
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avoid the potential problem of reverse causality; therefore, all controls were
measured prior to post-compulsory education and any labor market experience.
Finally, in Chapter 5, the inconsistent pedometer-based results for women
and men may be explained by noting the preferences for different types of
physical activity. More specifically, Finnish women prefer walking, cycling, and
aerobics/gymnastics, whereas men prefer running, ball games, and gym train-
ing (Tammelin et al., 2003). Additionally, the results in Chapter 5 suggest that
men report more intensive and frequent participation in physical activity than
women. In the analysis, however, information about the type of physical activi-
ty was not available. As pedometers are not designed to discern the intensity of
physical activity and are not sensitive to non-ambulatory activities, such as
swimming or gym workouts, inadequacies in the pedometer method may
therefore partially explain the inconsistent results between women and men.

1.2.6 Suggestions for future research

This dissertation’s findings open important new paths for future research. First,
a good starting point for scholars could be to explore the potential mechanisms
behind the findings of this dissertation. Although the results provide evidence
that childhood physical activity is positively related to educational and labor
market outcomes, the explanation for this correlation is unclear. As presented
in Figure 1 in page 27, prior literature suggests many potential pathways:
health, networks, cognitive and non-cognitive skills, and signaling. To
uncover these mechanisms, future studies need larger sample sizes and
informative data sets covering, for example, health endowments, personality,
and cognitive ability.

Second, Cabane (2014) shows that physical activity is related to quicker
transitions from unemployment to employment, especially among women.
However, less is known about whether and how physical activity is related to
other educational and labor market transitions, such as shifts from education to
working careers and changes in occupational status during different phases of
life. Moreover, the decision to participate in physical activity needs to be linked
to an individual’s entire working history. Specifically, what role does physical
activity play in retirement decisions? In 2017, the age range of the YFS partici-
pants varies from 40 to 55 years; thus, discussions related to retirement are not
yet pertinent. However, in 10 to 20 years, describing the entire working history
of YFS participants and examining the roles of health behaviors, including
physical activity, as potential determinants of working career will emerge as an
interesting avenue for research.

Third, Chapter 5 provides evidence that annual income is positively relat-
ed to self-reported physical activity. However, earlier studies suggest that labor
market shocks and economic fluctuations are also related to health behaviors
(e.g. Ruhm, 2000). To better understand this relationship, it would be valuable
to examine whether negative and positive labor market shocks, such as transi-
tions from employment to unemployment, are related to adulthood physical
activity behavior. Studying this question could help policy makers, health pro-
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moters, and employers develop efficient tools to increase participation in physi-
cal activity among working-age individuals.

Fourth, prior studies suggest that playing music and practicing sports as a
child may be related for health and educational outcomes (Cabane et al., 2016).
Also, Cabane (2010) shows that adulthood extracurricular activities (sports par-
ticipation, artistic activities, or volunteer work) favor labor market outcomes in
terms of hourly wages and autonomy levels at work. However, information
about how these recreational activities (e.g., having one activity or having many
activities) are related to educational attainment as well as long-term labor mar-
ket outcomes is limited. Therefore, suggestion for future research is to explore
whether practicing sports, playing music, or practicing in other extracurricular
activities as a child can explain the differences in individuals” education levels
and labor market outcomes later in life.

Fifth, numerous societal and technological changes in recent decades have
made lifestyles increasingly sedentary among children (Pate et al., 2011) and
adults (Matthews et al., 2012). Unsurprisingly, interest in understanding the
benefits and the detriments of sedentary behavior has also increased. So far,
little is known about the longitudinal consequences of sedentary behavior on
educational attainment and labor market outcomes. Therefore, an interesting
avenue for future research is to focus on the role of sedentary behavior and the
joint effects of physical activity and sedentary behavior in educational and labor
market outcomes.

Finally, future research should pay attention to the endogeneity of physi-
cal activity. Previous studies use, for example, school characteristics (Barron et
al., 2000), body height (Eide and Ronan, 2001; Pfeifer and CornelifSen, 2010; Rees
and Sabia, 2010), legislation (Stevenson, 2010), and family background factors
(Cabane et al., 2016) as instruments to explain participation in physical activity.
However, recent research also identifies genetics as an important determinant
of physical activity (see e.g., Bauman et al., 2012). Capturing genetics as an in-
strument to explain variations in physical activity behavior could aid research-
ers in teasing out the causal relationship between physical activity and econom-
ic outcomes.

1.2.7 Concluding remarks

Only one-fifth of children and youth are estimated to be sufficiently active and
meet the current physical activity recommendations for health (WHO, 2014;
Tremblay et al., 2016; Tammelin et al., 2016). The importance of physical activity
and the detriments of physical inactivity on health and well-being are well
documented (Lee et al., 2012; WHO, 2009; WHO, 2010). In recent years, research
on the economic consequences of physical activity has emerged, with several
valuable studies conducted (e.g., Ding et al., 2016; Katzmarzyk and Janssen,
2004; Lechner, 2009; Cabane and Clark, 2015; Lechner and Downward, 2017).
However, little is known about the longitudinal associations among an individ-
ual’s physical activity, educational attainment, and labor market outcomes. The
findings of this thesis provide evidence that the consequences of physical activi-
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ty may be far-reaching: childhood physical activity may positively contribute to
academic achievement, educational attainment, earnings, and employment.

From a policy-perspective, the findings are twofold. First, the conclusions
in Chapters 2, 3, and 4 encourage maintaining and developing programs and
interventions aimed at promoting children’s participation in physical activity
regardless of their socioeconomic background. This emphasis could encourage
young people to pursue more physically active lifestyles in childhood and be-
yond, thereby potentially improving their educational and labor market out-
comes later in life, providing both personal and societal benefits. Although the
focus in Chapters 2, 3, and 4 is on leisure-time physical activity outside school
hours, the school setting in Finland could be an essential arena to reach all chil-
dren and thereby has the possibility to impact the development of children’s
physical activity behavior. A prime example of such a program is the ongoing
Finnish Schools on the Move program that aims to increase physical activity
and decrease sedentary time among children and adolescents (Blom et al., 2012;
Haapala et al., 2014). The Finnish Schools on the Move program is one of the
key projects in the field of knowledge and education in the Government Pro-
gram of Finland. The government’s goal is to expand the Schools on the Move
project across the country and ensure that every child has one hour of physical
activity each day (Prime Minister’s office, Finland, 2015.) The program was
launched in 2010 with a pilot study, and by September 2017, 90% of Finnish
municipalities and 80% of comprehensive schools were involved in the pro-
gram. Second, the findings in Chapter 5 provide evidence that an individual’s
economic factors relate to their physical activity behavior. This finding may
help policy makers, health promoters, and employers in developing efficient
tools for maintaining and increasing physical activity levels and decreasing
sedentary time among working-age individuals from different socioeconomic
backgrounds.
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2 LONGITUDINAL ASSOCIATIONS BETWEEN
PHYSICAL ACTIVITY AND EDUCATIONAL
OUTCOMES *

Abstract**

This study examined the role of leisure-time physical activity during adoles-
cence in academic achievement at the end of compulsory basic education and
subsequent educational attainment. The data were drawn from the ongoing
longitudinal Cardiovascular Risk in Young Finns Study, which was combined
with register-based data from Statistics Finland. The ordinary least squares
model and the instrumental variable approach were employed, and several
physical activity measurements were included: leisure-time physical activity
outside school hours, participation in sports club training sessions, and partici-
pation in sports competitions. We found that physical activity level at age 15
and an increase in physical activity level between the ages of 12 and 15 years
were positively related to grade point average at age 15 and years of post-
compulsory education in adulthood. The results were robust to control for sev-
eral individual and family background factors, including health endowments,
family income, and parents’ education. The results provide evidence that physi-
cal activity during adolescence may not only predict academic success during
compulsory basic education but also boost educational outcomes later in life.
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2.1 Introduction

Previous studies have linked physical activity with positive returns in terms of
academic achievement (Fox et al., 2010; Kantomaa et al., 2013; Kristjnsson et al.,
2009; McCormick and Tinsley, 1987; Singh et al., 2012; Stevens et al., 2008) and
educational attainment (Aberg et al., 2009; Barron et al., 2000; Long and Caudill,
1991; Pfeifer and Cornelifien, 2010). However, some of the research findings are
mixed and suggest the existence of unmeasured heterogeneity (Rees and Sabia,
2010), selection issues (Barron et al., 2000; Stevenson, 2010), and the endogenei-
ty of physical activity decisions (Eide and Ronan, 2001). Additionally, prior
studies largely focus on high school athletic participation and data obtained
from the United States (e.g., Barron et al., 2000; Eide and Ronan, 2001; Long and
Caudill, 1991; Rees and Sabia, 2010; Stevenson, 2010). Therefore, less is known
about the longitudinal implications of leisure-time physical activity during ado-
lescence for academic achievement and educational attainment among the same
individuals and data collected in Europe.

This study used data drawn from the ongoing longitudinal Cardiovascu-
lar Risk in Young Finns Study (YFS) combined with registries from Statistics
Finland. The purpose was to examine whether physical activity during adoles-
cence is associated with academic achievement at the end of compulsory basic
education and with post-compulsory education later in life. The study aug-
mented the previous literature in the following ways: First, we investigated
whether the physical activity level at age 15 or a change in physical activity lev-
el between the ages of 12 and 15 years are associated with grade point average
(GPA) at age 15 and subsequent years of post-compulsory education. Second,
we investigated how participation in sports club training sessions and partici-
pation in sports competitions are associated with academic achievement and
educational attainment. Finally, following the studies by Eide and Ronan (2001),
Pfeifer and Cornelifien (2010), Rees and Sabia (2010), and Cabane et al. (2016),
we employed an instrumental variable (IV) approach to deal with the potential
endogeneity, omitted variable bias, and measurement error.

The rest of the paper proceeds as follows: In Section 2.2, the background
literature related to physical activity and educational outcomes are discussed,
and the Finnish education system and physical activity among Finnish adoles-
cents are briefly introduced. This is followed by a section that describes the data
and the identification strategy. In Section 2.4, the estimation results are present-
ed, and in Section 2.5, conclusions are provided.
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2.2 Background

2.21 Physical activity: A positive academic spillover?

Educational attainment has been used as a measure of the skills available in the
population and the labor force (Becker, 2009; Organization for Economic Coop-
eration and Development [OECD], 2015). In addition to the strong correlation
between academic achievement and later educational attainment, previous
studies have shown that a higher level of education is positively associated with
health outcomes (Cutler and Lleras-Muney, 2006; Grossman, 1972; Ross and Wu,
1995), employability (OECD, 2015), earnings (Becker, 2009; Card, 1999), and
economic growth (Hanushek and Woessmann, 2012). At the same time, physi-
cal inactivity has been identified as the fourth-leading risk factor for global mor-
tality (Lee et al., 2012; Murray and Lopez, 1997; World Health Organization
[WHO], 2010), and several studies have reported increasing healthcare costs
due to physical inactivity (Colditz, 1999; Ding et al., 2016; Katzmarzyk et al.,
2000; Katzmarzyk and Janssen, 2004; Kohl et al., 2012).

The overall physical activity levels are low in many countries (Ekelund et
al., 2011; Hallal et al., 2012; WHO, 2010; Tremblay et al., 2016), and Finland is
not an exception (Tammelin et al., 2016). Similarly, cardiorespiratory fitness has
decreased among adolescents during the last few decades (Tomkinson and Olds,
2007), and the same trend can be seen in Finland (Huotari et al., 2010; Santtila et
al., 2006). According to the WHO's (2010) Global Recommendations on Physical
Activity for Health, the recommended levels of physical activity for children
age 5-17 years is to accumulate at least a total of 60 minutes of moderate to vig-
orous intensity physical activity (MVPA) daily. Moreover, vigorous-intensity
activities should be incorporated at least three times per week, including activi-
ties that strengthen the muscles and bones.

The results from the latest Health Behavior in School-aged Children
(HBSC) survey (Inchley et al., 2016) conducted in 2013-2014 confirmed that on-
ly a minority of young people meet the current recommendations for daily
physical activity. Globally, 30% of boys and 21% of girls aged 11 years and 21%
of boys and 11% of girls aged 15 years reported at least 60 minutes of MVPA
daily."’ In Finland, 47% of boys aged 11 years and 22% of boys aged 15 years
reported at least 60 minutes of MVPA daily. The percentages for girls were 34%
and 13%, respectively. Cross-country comparisons show that, on average, the
difference in the level of physical activity between the ages of 11 and 15 years is
relatively high in Finland. This means that, on average, younger children are
physically more active compared to older children, and based on cross-sectional
data at the ages of 11 and 15 years, the physical activity levels of Finnish chil-
dren seems to decline more than those of children in other countries. However,
participation in organized sports is common, as half of the children, aged 7 to 18

10 Because the questions are not administered in every country at the same time of the
year, the cross-country comparisons must be cautiously interpreted (King et al., 1996).
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years, report participation in sports club activities at least once a week in sur-
veys and interviews (Tammelin et al., 2016).

Previous studies have provided evidence that physical activity may lead
to positive academic spillovers. Stevens et al. (2008), for example, showed a pos-
itive association between physical activity, mathematics and reading achieve-
ment among boys and girls, while in the study by Fox et al. (2010), physical ac-
tivity and sports team participation were positively associated with grade point
average. According to Long and Caudill (1991), athletes who attended colleges
and universities had higher graduation rates than non-athletes. Moreover,
McCormick and Tinsley (1987) showed a positive association between athletic
success and academic success.'' Barron et al. (2000), in turn, explained the high
school athletic participation choice and its implications for subsequent educa-
tional attainment. The results indicated that athletic participation is associated
with a higher post-secondary level of education. Similarly, Pfeifer and Cornel-
iflien (2010) showed that non-professional physical activity during childhood
and youth increased the probability of attaining a higher school degree. A
broader perspective was adopted by Aberg et al. (2009), who demonstrated that
cardiovascular fitness change between 15 and 18 years predicted cognitive per-
formance at 18 years, and cardiovascular fitness at 18 years predicted higher
subsequent educational attainment in adulthood.

Although a positive association between physical activity, academic
achievement, and educational attainment has been shown, some research find-
ings are mixed. Eide and Ronan (2001) argued that many of the previous stud-
ies have failed to control for the endogeneity of sports participation. In their
analysis, as in the study by Rees and Sabia (2010), endogeneity was taken into
account by using an individual’s body height as an instrument to explain sports
participation. The results were mixed; athletic participation was shown to be
positively associated with educational attainment (Eide and Ronan, 2001),
whereas Rees and Sabia (2010) showed only limited evidence that participation
in sports is related to academic achievement. In contrast to academic spillovers,
Rees and Sabia (2010) suggested that the positive association between physical
activity and academic achievement was a result of an individual-level unmeas-
ured heterogeneity. Thus, it is not clear whether the associations demonstrated
in previous studies reflect a causal relationship or are entirely or partly driven
by unmeasured heterogeneity. Stevenson (2010), in turn, argued that sports par-
ticipation is not randomly determined, and therefore, selection issues may ex-
plain the positive findings in previous studies. Barron et al. (2000) also specu-
lated that the associations found between physical activity and educational out-
comes appears to reflect differences across individuals in ability or value of lei-
sure.

11 In addition, studies have reported a negative association between athletic success
and academic success (Hernandez-Julian and Rotthoff, 2014; Lindo et al., 2012).
These studies focused on football teams’” winning percentages and students” academ-
ic performance as measured by grades.
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2.2.2 Finnish education system in brief

The main aim of education system in Finland is to guarantee equal opportunity
to learn irrespective of sex, social status, or ethnic group. Each child enters
compulsory nine-year basic education at age 7."> Then, approximately 90% of
the age cohort attends non-compulsory upper secondary education, which is
divided into two tracks: general upper secondary school and vocational upper
secondary education and training. This education is followed by post-
compulsory higher education, which is provided by universities and polytech-
nical institutes (Hanhijoki et al., 2012; National Board of Education, 2004). Edu-
cation in Finland is mostly a public service. Compulsory basic education and
both tracks of non-compulsory upper secondary education are free. Unlike in
many other countries, universities are not allowed to charge tuition, and the
Finnish government offers subsidies for students who enroll in universities:
Only books and transportation are purchased by the students whereas, for ex-
ample, students’” meals are subsidized by the state (National Board of Education,
2004).

In Finland, every school has the same goals outlined by the Finnish Na-
tional Board of Education. Similarly, the distribution of lesson hours for basic
education and the minimum number of lessons for each subject during basic
education are determined by the government (National Board of Education,
2004). The focus is on learning rather than testing. During compulsory basic
education, there are no national tests for pupils. Instead, assessment is based on
teacher-rated academic achievement scores (GPAs), which describe the level of
performance in relation to the objectives outlined by the National Core Curricu-
lum for Basic Education (National Board of Education, 2004). These objectives
consist of skills, knowledge, behavior, and students” work skills (Quakrim-
Soivio, 2013).

In general, the level of education among the Finnish population has in-
creased in the last decades. Since 1970, for example, the number of individuals
who have a post-compulsory education has increased by approximately 40%
(Official Statistics of Finland, 2016). Cross-country comparisons revealed that, in
terms of educational level, Finns aged 25 to 64 years are ranked seventh among
OECD countries (Valle et al., 2015). In addition to post-compulsory education,
the Finnish compulsory basic education system has received interest worldwide
due to the country’s success on the Program for International Student Assess-
ment (PISA) surveys (OECD, 2010a, 2010b, 2014).

12 Before compulsory basic education, children participate in pre-primary education at
the age of 6.
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2.3 Data and method

2.3.1 Study population

The data were drawn from the ongoing longitudinal Cardiovascular Risk in
Young Finns Study (YFS), which was launched in 1980, when 3,596 individuals
aged 3, 6, 9, 12, 15, and 18 years participated in the baseline study. The partici-
pants were randomly chosen boys (51%) and girls (49%) from five Finnish uni-
versity cities with medical schools (Helsinki, Turku, Tampere, Oulu, and Kuo-
pio). Since 1980, seven follow-up phases (1983, 1986, 1989, 1992, 2001, 2007, and
2011) have been conducted. The examinations include comprehensive data col-
lection using blood tests, physical measurements, and questionnaires (Raitakari
et al., 2008).

To obtain register-based information on educational attainment, the YFS
data were linked with register-based Finnish Longitudinal Employer-Employee
Data (FLEED) from Statistics Finland. FLEED is an annual panel that includes
information on individuals” educational attainment obtained directly from the
comprehensive administrative registers maintained by Statistics Finland. Regis-
ter-based information on family background factors since 1980 were obtained
from the Longitudinal Population Census (LPC) of Statistics Finland. To avoid
problems created by errors in record linkages (Ridder and Moffitt, 2007),
FLEED and LPC were combined with the YFS data based on the unique per-
sonal identifiers.

The present study consisted of adolescents who were 12 and 15 years old
when the information about physical activity was collected; that is, the study
sample consisted of 2,445 individuals (48% boys) who were born between 1965
and 1977." Thereafter, the individuals were followed until 2010 when the par-
ticipants” mean age was 40 years. Depending on the model specification, the
sample size varied from 1,126 to 1,628.'

Data protection issues have been taken into account as specified in current
Finnish legislation. Moreover, the research protocol of the YFS has been ap-
proved by the ethics committees of the five universities (Helsinki, Turku, Tam-
pere, Oulu, and Kuopio), and each participant has signed written informed con-
sent before participating in the study.

2.3.2 Variable definition

Leisure-time physical activity at the ages of 12 and 15 was measured with a self-
reported questionnaire. The participants were asked: “How often do you en-

13 The study included the five youngest cohorts (born between 1965 and 1977), as in the
baseline year (1980), the participants in the oldest cohort were 18 years old.

14 The physical activity details at the age of 15 were obtained from 2,445 individuals.
The GPA details were obtained from 1,729 individuals at the age of 12 years and
1,941 individuals at the age of 15 years (see Appendix B, Table B.1 for additional de-
tails).
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gage in leisure-time physical activity for at least half an hour per session?”,
“How much are you breath-taking and sweating when you engage in physical
activity and sports?”, “How many times a week do you usually engage in train-
ing sessions for a sports club?”, “What do you usually do in your leisure time?”,
and “Do you participate in regional- or national-level competitions?” (see Ap-
pendix A, Table A.1 for additional details). The response alternatives were cod-
ed from 1 to 3 —except participation in sports competitions, which was coded as
1 or 2—and thereafter summed to form a physical activity index (PAI) with
scores ranging from 5 to 14 (Appendix A, Table A.1; Telama et al., 1996; Telama
etal., 2014).

Two measures were used to illustrate individuals’ educational outcomes,
self-reported grade point average (GPA) at age 15 and register-based infor-
mation on the years of completed post-compulsory education. The information
on GPA at age 15 was provided by the YFS; the variable referred to a numerical
assessment on a scale of 4-10, where 4 denotes failed and 10 denotes excellent.
Information on post-compulsory education was provided by the register-based
FLEED. Using official estimates from Statistics Finland for completing a specific
degree, the years of education were formulated by transforming the highest
obtained degree in 2010 into years of education.

2.3.3 Identification strategy

The analysis was based on ordinary least squares (OLS) models stratified by sex.
The models used the GPA at age 15 and the years of completed education as the
dependent variables and the PAI at age 15 as an explanatory variable. All mod-
els were adjusted by birth cohort and birth month, which are predetermined
variables (Angrist and Picshke, 2009, p. 68). Before running the OLS models, the
correlation coefficients were calculated to illustrate the unconditional connec-
tions between adolescent physical activity and educational outcomes (Appen-
dix C, Table C.1).

The baseline models were extended in the following ways. First, to reduce
the possibility that physical activity reflects omitted variables without having
an independent effect on educational outcomes, the models were augmented
with several covariates: 1) individuals” chronic conditions and body fat in 1980
(Slaughter et al., 1988); 2) family background factors in 1980, including register-
based family income, register-based parents” education, and family size; and 3)
individual’s prior academic achievement measured with the self-reported GPA
at the age of 12 (see Appendix B, Table B.1 for additional details). Information
on family background factors provided controls for unobserved heterogeneity,
such as innate ability and preferences, thus alleviating possible biases in the
estimated correlation with physical activity and educational outcomes. Moreo-
ver, as Becker (2009, p. 21) suggested, the influence of families on their chil-
dren’s knowledge, skills, values, and habits (e.g., physical activity behavior)
cannot be omitted.

Typically, during childhood and youth, participation in sports decreases
with age (Inchley et al., 2016; Nader et al., 2008). An open question is whether
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this change is related to academic achievement and educational attainment. To
find an answer, the association between educational outcomes and the change
in the physical activity level between ages 12 and 15 was examined. Additional-
ly, two binary variables were formulated, which equals 1, if the physical activity
level increased or decreased between the two time points, and 0 otherwise.

Almost half of the Finnish children aged 7 to 18 years report participation
in sports club activities at least once a week (Tammelin et al., 2016). To examine
whether participation in sports club training sessions or participation in sports
competitions have an independent role in educational outcomes, the original
PAI was divided into three parts: 1) a variable that indicated participation in
sports club training sessions (1 = participates in sports club training sessions, 0
= does not participate in sports club training sessions), 2) a variable that indi-
cated participation in sports competitions (1 = participates in national- or re-
gional-level sports competitions, 0 = does not participate in sports competi-
tions), and 3) the original PAI subtracted from the participation in sports club
training sessions and participation in sports competitions variables. The origi-
nal PAI was replaced with these three new variables in the equation, and the
same covariates were used as in the baseline OLS models.

Finally, we employed an IV approach to alleviate the possible endogeneity
of physical activity, omitted variable bias, and measurement error (Angrist and
Picshke, 2009, pp. 114-115). Following the studies by Eide and Ronan (2001),
Rees and Sabia (2010), and Pfeifer and Cornelifien (2010), we used an individu-
al’s body height as an instrument for sports participation. Furthermore, we in-
cluded parents” physical activity details as an instrument to explain physical
activity of their children.

2.4 Results

24.1 The association between academic achievement, educational attain-
ment, and adolescent physical activity

Regardless of the utilized measures of physical activity and participation in
sports, at the ages of 12 and 15, boys had higher values than girls (P < 0.001;
Table 1). The average PAI was approximately one unit higher among boys
compared to girls. Relative to girls, boys more commonly participated in sports
club training sessions and sports competitions at the age of 15 (P < 0.001; Table
1). Between the ages of 12 and 15 years, however, boys” physical activity levels
decreased more than those of girls (P < 0.001; Table 1). In terms of educational
outcomes, the GPA at age 15 was approximately 0.6 units higher among girls
compared with boys (P < 0.001; Table 1). Similarly, the level of post-compulsory
education was higher among women than men; that is, women had approxi-
mately 0.7 more years of education than men during the follow-up period (P <
0.001; Table 1).
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TABLE1 Descriptive statistics

All Women Men
Data N Mean N Mean N Mean  pval-
Source (SD) (SD) (SD) ue?
Physical activity in adolescence
PAlat12y®> YFS 1723 9.57 886  9.06 837  10.11 p<
(1.80) (1.63) (1.82)  0.001
PAlat15y  YFS 2445 897 1271 8.61 1174 9.37 p<
(1.97) (1.77) (210)  0.001
APAI12-15 YFS 1723 -0.52 886  -0.37 837 070 p<
y© (1.84) (1.80) (1.88)  0.001
+APAI12-  YFS 1723 0.27 886 0.1 837 023 p<
15ye (0.45) (0.46) (0.42)  0.001
-APAI12-15 YFS 1723 0.50 886  0.46 837  0.53 p<
yf (0.50) (0.50) (0.50)  0.004
Participa- YFS 2445 0.28 1271 0.24 1174 032 p<
tion in (0.45) (0.43) (0.47)  0.001
sports club
training at
15 yf
Participa- YFS 1854 0.24 981  0.19 873 0.30 p<
tion in (0.43) (0.39) (0.46)  0.001
sports com-
petitions at
15ys
Academic achievement at the age of 15
GPAat1l5  YFS 1941 7.82 1022 8.08 919 7.53 p<
yh (0.93) (0.88) (0.90)  0.001
Educational attainment at the age of 33-45
Years of FLEED 2445 1353 1271 13.88 1174 13.23 p<
educationt (2.88) (2.82) (2.86) 0.001

Cardiovascular Risk in Young Finns Study (YFS) and Finnish Longitudinal Employer-Employee Data
(FLEED) from Statistics Finland. P values for gender differences (t-test). b Physical activity index (PAI)
(min. 5 - max. 14) at the age of 12 and 15 years is a summary of five variables that illustrate the frequency
and intensity of leisure-time physical activity, frequency of participation in sports clubs training sessions,
participation in sports competitions, and the most common activity during leisure time. ¢ APAlillustrates
the change in the PAI levels between the ages of 12 and 15 years. 4 +APAI is a binary variable that gets
value 1 if the individual has increased his or her physical activity level between the ages of 12 and 15
years, and 0 otherwise. ¢-APAI is a binary variable that gets value 1 if the individual has decreased his or
her physical activity level between the ages of 12 and 15 years, and 0 otherwise. f Participation in sports
club training sessions at the age of 15 is a binary variable that gets value 1 if an individual participates in
organized sports clubs training sessions, and 0 otherwise. 8 Participation in sports competitions at the age
of 15 is a binary variable that gets value 1 if an individual participates in national- or regional-level compe-
titions, and 0 otherwise. The sample size varies because in the 1992 follow-up participation in sports com-
petitions was not asked. » GPA at the age of 15 refers to a self-reported numerical assessment on a scale of
4-10, where 4 is failed and 10 is excellent. i Register-based information on educational attainment in adult-
hood based on the years of completed education.
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The baseline OLS estimates (Table 2, Columns 1) suggested that a higher PAI at
age 15 was associated with a higher GPA at age 15 and a higher level of educa-
tion in later life. Among women, a one-unit increase in the PAI was related to a
0.11 unit increase in GPA and 0.17 additional years of education (Table 2, Col-
umns 1). Among men, the coefficients were 0.06 for GPA and 0.17 for years of
education. As a rough estimate, at the end of compulsory basic education, chil-
dren with the highest physical activity level (PAI = 14 at the age of 15) had a
GPA that was approximately 1.0 unit higher among girls and 0.5 unit higher
among boys compared with those with the lowest physical activity level (PAI =
5 at the age of 15). In terms of educational attainment, the most physically ac-
tive girls and boys (PAI = 14 at the age of 15) had approximately 1.5 more years
of education in adulthood compared with their least physically active counter-
parts (PAI =5 at the age of 15).

Possible self-selection into physical activities cannot be ignored. As sug-
gested by Stevenson (2010), substantial self-selection into physical activities can
be found, and without adequate controls, the impact of physical activity on ed-
ucational outcomes can be upwardly biased. Moreover, as demonstrated in
studies by Hanushek and Woessman (2010) and Bjorklund and Salvanes (2010),
an individual’s academic achievement and educational attainment are highly
correlated with his or her parents’ education level or socioeconomic status.
Thus, the baseline models were augmented with individual characteristics and
family background factors, including health endowments, parents’ education,
family size, and family income. To ensure the comparison between the baseline
and extended models (Table 2, Columns 1-4), subjects with missing observa-
tions were excluded from the analysis. Allowing the sample size to vary, how-
ever, did not change the main results.’> Among men, the inclusion of a compre-
hensive set of control variables (Table 2, Columns 2-4) kept the physical activity
estimate statistically significant, but decreased the point estimate. In the ex-
tended model (Table 2, Column 4), one-unit increase in PAI was related to a
0.03 increase in GPA and 0.09 additional years of education. Among women,
when the models were adjusted by individuals’ prior academic achievement
(Table 2, Column 4), in the case of educational attainment, the association re-
mained positive but became statistically insignificant. The coefficient for GPA,
however, remained statistically significant indicating a positive association be-
tween physical activity and academic achievement. The R? of the extended
models (Table 2, Columns 4) varied from 0.28 to 0.67. In the case of GPA, ap-
proximately 70% of the variance was accounted by the model, whereas the per-
centage for educational attainment was approximately 30%.

15 The results from the extended models with varying sample size are available upon
request.
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TABLE2  OLS estimates of the relationship between physical activity level at the age of
15 (PAI, academic achievement at the age of 15, and educational attainment in

adulthood.
Academic achievement at Educational attainment at the
the age of 15 years, age of 33-45 years,
grade point average years of education
1 2 3 4 1 2 3 4
Panel I: Women
PAI at 0.108*** 0.107*** 0.083*** 0.048*** | 0.174*** 0.174*** 0.103**  0.028
15y
(0.019)  (0.019) (0.018)  (0.011) | (0.050)  (0.050) (0.048) (0.043)
N 661 661 661 661 850 850 850 850
R2 0.11 0.11 0.19 0.67 0.05 0.06 0.13 0.28
Panel II: Men
PAI at 0.060***  0.062*** 0.054*** 0.032*** | 0.166*** 0.162*** 0.139** (.092**
15
Y (0.018)  (0.018) (0.017)  (0.010) | (0.051) (0.052) (0.049) (0.043)
N 586 586 586 586 778 778 778 778
R2 0.05 0.05 0.19 0.66 0.05 0.05 0.16 0.32
Control variables
Birth X X X X X X X X
cohort and mon
Individual X X X X X X
characteristicsa
Family back- X X X X
ground®
GPA at 12 X X
years®

Robust standard errors are in parentheses. The level of statistical significance: ***p < 0.01, **p < 0.05, *p <
0.10. All models include controls for cohort (1-5) and birth month. The cohort dummies illustrate the year
of birth: Cohort 1 = born in 1977, Cohort 2 = born in 1974, Cohort 3 = born in 1971, Cohort 4 = born in 1968,
and Cohort 5= born in 1965. PAI = physical activity index (min. 5 - max. 14) at the age of 15 years is a
summary of five variables that illustrate the frequency and intensity of leisure-time physical activity, fre-
quency of participation in sports clubs training sessions, participation in sports competitions, and the most
common activity during leisure time. @ Individual characteristics: summary of an individual’s chronic
conditions and body fat. » Family background factors: family income, parents” education, family size. ¢
Academic achievement: predetermined academic achievement (GPA) at the age of 12 refers to a self-
reported numerical assessment on a scale of 4-10 (4 is failing and 10 is excellent).

Taken together, the OLS results indicated a positive association between ado-
lescent physical activity and educational outcomes. The results were robust to
control for several individual and family background factors. In line with the
findings of Barron et al. (2000), the results also support the view that differences
across individuals’ abilities, especially prior academic achievement, partially
explains the correlation between physical activity and educational outcomes:
When the models were adjusted by individual’s prior academic achievement, in
all model specifications, the strength of the association decreased. This finding
implies that the connection between physical activity and education may be
partly attributed to the higher GPA of physically active adolescents. Therefore,
it remains unclear whether the educational benefits of adolescent physical activ-
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ity are caused by participation in physical activity (treatment effect) or are
merely related to the types of individuals who prefer to be physically active
during their leisure-time (the selection effect).

2.4.2 The dynamics of changes in physical activity level between the ages of
12 and 15

Participation in sports during childhood and adolescence typically decreases
with age (Inchley et al., 2016; Nader et al., 2008; Tomkinson and Olds, 2007).
According to Nader et al. (2008), at the age of 9 years almost all children meet
the recommended 60 minutes of moderate to vigorous intensity physical activi-
ty daily, whereas at the age of 15 only 30% achieve the benchmark. A similar
decline can be seen in our data. As shown in Table 1, at the age of 15 the aver-
age physical activity level was approximately 0.5 units lower than at the age of
12. An open question is whether this change is related to academic achievement
and educational attainment. As an answer, we examined the association be-
tween the change in physical activity level between the ages of 12 and 15 and
educational outcomes. We also focused on individuals whose physical activity
level increased or decreased between the ages of 12 and 15. The results are pre-
sented in Table 3. Because the results from the baseline OLS models were quali-
tatively and quantitatively similar for women and men, from Table 3 onward,
the results are presented for women and men combined and the models were
adjusted by sex.16

In line with the baseline OLS results, change in physical activity level
(APAI at 12-15 y) was positively associated with academic achievement and
educational attainment. When the models were adjusted by individual charac-
teristics, family background factors, and prior academic achievement (Table 3,
Columns 3-4), the point estimate decreased by half while remaining positive
and statistically significant. In the extended models, the corresponding coeffi-
cients were approximately 0.05 (academic achievement) and 0.09 (educational
attainment). When focusing on those whose physical activity levels increased
between the ages of 12 and 15 (+APAI at 12-15 y), the results implied a positive
association between the variables (Table 3, Panel II). For academic achievement,
the point estimates of physical activity were approximately 0.3 (Table 3, Panel II,
Column 1) and 0.16 in the extended model (Table 3, Panel II, Column 4). For
educational attainment, the corresponding point estimates were approximately
0.7 (Table 3, Panel II, Column 1) and 0.3 (Table 3, Panel II, Column 4). For those,
whose physical activity levels decreased between the ages of 12 and 15 (-APAI
at 12-15 y), the associations were negative in all model specifications (Table 3,
Panel 111, Columns 1-4).

One notable feature in the results was that in the case of academic
achievement, the physical activity level at age 12 as well as the change in physi-
cal activity between the ages of 12 and 15 were associated with higher GPA at
age 15. Regarding educational attainment, however, only the change, not the

16 The separate results for women and men are available upon request.
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level of physical activity level, seemed to matter. More specifically, an increase
in the physical activity level was associated with higher educational returns in
adulthood, whereas the association with respect to the decrease in physical ac-
tivity level was negative. From a policy-perspective, this finding could encour-
age developing programs and interventions targeted to school-aged children
aiming to foster children’s participation in physical activity. This could push the
young toward more physically active lifestyles, and improve their educational
attainment in later life, providing both personal and societal benefits (Becler,
2009; Cutler and Lleras-Muney, 2006).
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TABLE3 Changes in physical activity levels between ages of 12 and 15 years in associa-
tion with academic achievement at the age of 15 and educational attainment in

adulthood.
Academic achievement at Educational attainment at the
the age of 15 years, age of 33-45 years,
grade point average years of education
1 2 3 4 1 2 3 4

Panel I: Change in physical activity level
APAI at 12-15 0.099*** 0.099*** 0.080*** 0.050%** 0.209*** 0.208*** 0.148***  0.088**
ya

0015 (0015  (0.014)  (0.009) | (0.042)  (0.042)  (0.040)  (0.036)

PAlat 12y 0.064***  0.064**  0.052***  0.032*** | 0.103** 0.101** 0.073 0.022
(0.016)  (0.016)  (0.016)  (0.009) | (0.016)  (0.047)  (0.045)  (0.040)
N 1191 1191 1191 1191 1556 1556 1556 1556
R2 0.17 0.17 0.26 0.70 0.06 0.06 0.16 0.31
Panel II: Increase in physical activity level
+APAI at12- 0.297*%*% 0.297**  0.229%*  0.156** | 0.678***  0.675***  0.474**  0.326**
15y¢
0059  (0.059)  (0.055)  (0.034) | (0.167)  (0.167)  (0.156)  (0.141)
PAlat12y 0.037** 0.037** 0.030** 0.019* 0.055 0.054 0.039 0.005
(0.016)  (0.016)  (0.015)  (0.009) | (0.044)  (0.044)  (0.042)  (0.038)
N 1191 1191 1191 1191 1556 1556 1556 1556
R2 0.15 0.17 0.25 0.70 0.06 0.06 0.16 0.31

Panel III: Decrease in physical activity level
-APAl at12-15 -0.263***  -0.264***  -0.201**  -0.123** | -0.696***  -0.696***  -0.537***  -0.36**
(0.053)  (0.053)  (0.051)  (0.032) | (0.149)  (0149)  (0.142)  (0.130)

%AI at12 yd 0.044** 0.044** 0.035* 0.021* 0.073 0.072 0.055 0.015
0.016)  (0.016)  (0.015)  (0.009) | (0.044)  (0.045)  (0.042)  (0.038)

N 1191 1191 1191 1191 1556 1556 1556 1556

R2 0.15 0.15 0.25 0.70 0.06 0.07 0.16 0.31

Control variables

Birth cohort X X X X X X X X

and month

Gender X X X X X X X X

Individual X X X X X X

characteristicse

Family back- X X X X

ground?

Academic X X

achievement

12ys

Robust standard errors are in parentheses. The level of statistical significance: ***p < 0.01, **p < 0.05, *p <
0.10. All models include controls for cohort (1-5) and birth month. The cohort dummies illustrate the year
of birth: Cohort 1 = born in 1977, Cohort 2 = born in 1974, Cohort 3 = born in 1971, Cohort 4 = born in 1968,
and Cohort 5= born in 1965. 2APAI at 12-15 y illustrates the change in the PAI level between the ages of 12
and 15 years. b Physical activity index (PAI) (min. 5 - max. 14) at the age of 12 years is a summary of five
variables that illustrate the frequency and intensity of leisure-time physical activity, frequency of partici-
pation in sports clubs training sessions, participation in sports competitions, and the most common activi-
ty during leisure time. 4 +APAI and -APAI are binary variables, which get value 1 if the physical activity
level increases/decreases, and 0 otherwise. ¢ Individual characteristics: summary of an individual’s chron-
ic conditions and body fat. f Family background factors: family income, parents’ education, family size. s
Academic achievement: predetermined academic achievement (GPA) at the age of 12 refers to a self-
reported numerical assessment on a scale of 4-10 (4 is failing and 10 is excellent).
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2.4.3 Participation in sports club training sessions and sports competitions
in association with educational outcomes

The physical activity variable PAI used in the study was a summary of five var-
iables. In addition to the frequency of weekly physical activity, the PAI includ-
ed information about the individuals” participation in sports club training ses-
sions and participation in sports competitions (Telama et al., 1996). As prior
analyses have shown, high school athletic participation, participation in orga-
nized sports, and participation in sports competitions (e.g., Pfeifer and Cornel-
ilen, 2010; Rees and Sabia, 2010) are related to educational outcomes. Moreover,
almost half of Finnish children and adolescents participate in organized sports!”
(Tammelin et al., 2016). Therefore, we also examined the role of sports partici-
pation in educational outcomes. The results are reported in Table 4.

In the case of academic achievement (Table 4, left-hand side), the associa-
tion were positive for all measures of physical activity: overall physical activity
level, participation in sports club training sessions, and participation in sports
competitions. The inclusion of a comprehensive set of potential confounding
factors (Table 4, left-hand side, Columns 2-4) kept the estimates statistically
significant. In the case of educational attainment (Table 4, right-hand side),
however, no such clear association was observed. In the baseline model (Table 4,
right-hand side, Column 1), the association depended on the measurement type
of physical activity. More precisely, participation in sports club training ses-
sions was positively related to educational attainment (Table 4, right-hand side,
Panel I, Column 1), whereas the association between participation in sports
competitions and educational attainment was statistically insignificant (Table 4,
right-hand side, Panel II, Column 1). In the extended model (Table 4, right-hand
side, Column 4), regardless of the measures of physical activity, the point esti-
mates became statistically insignificant.

In general, the results were in line with the baseline OLS results, suggest-
ing a positive association between physical activity and educational outcomes.
However, some features required attention. First, irrespective of the different
measures of physical activity, each physical activity variable was positively re-
lated to academic achievement. Second, in the case of educational attainment,
no such clear association was observed. Instead, when the models were adjust-
ed by individual and family background factors, the point estimate became sta-
tistically insignificant. Therefore, the results support the view that in the case of
post-compulsory education, what matters is the overall physical activity level
expressed as the PAI, not the single measures of organized sports.

17 In our data, approximately 30% of boys participated in sports club training sessions
and sports competitions, whereas approximately 20% of girls participated.
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TABLE 4 Participation in sports club training sessions and participation sports competi-
tions in association with academic achievement at the age of 15 and education-
al attainment in adulthood

Academic achievement at Educational attainment at the
the age of 15 years, age of 33-45 years,
grade point average years of education
1 2 3 4 1 2 3 4

Panel I: Participation in sports club training sessions
Overall PAat  0.078** 0.078** 0.067*** 0.052*** | 0.128* 0.124* 0.095  0.078
15y (0.024)  (0.024)  (0.023)  (0.014) | (0.075) (0.075) (0.072) (0.065)
Participation ~ 0.210*** 0.210**  0.155*** 0.088** | 0.445** 0.452** 0.265  0.116
in Sports Club ~ (0.061)  (0.061)  (0.058)  (0.037) | (0.209) (0.210) (0.202) (0.186)

at 15 y©
N 1126 1126 1126 1126 1168 1168 1168 1168
R? 0.15 0.15 0.25 0.69 0.06 0.06 0.14 0.30

Panel II: Participation in sports competitions
Overall PA at  0.086*** 0.086*** 0.066*** 0.056*** | 0.161** 0.158** 0.101  0.089
15y (0.023)  (0.023) (0.022) (0.014) | (0.072) (0.072) (0.070) (0.063)
Participation ~ 0.186*** 0.185*** 0.186*** 0.077*** | 0.274  0.276 ~ 0.256  0.049
in Sport Com-  (0.060)  (0.061)  (0.057)  (0.036) | (0.202) (0.203) (0.196) (0.181)

petitions at 15

yb

N 1126 1126 1126 1126 1168 1168 1168 1168
R2 0.15 0.15 0.25 0.69 0.06 0.06 0.14 0.30
Control variables

Birth cohort X X X X X X X X
and month

Gender X X X X X X X X
Individual X X X X X X
characteristicsa

Family back- X X X X
ground®

Academic X X
achievement

at 12y«

Robust standard errors are in parentheses. The level of statistical significance: ***p < 0.01, **p < 0.05, *p <
0.10. All models include controls for cohort (1-5) and birth month. The cohort dummies illustrate the year
of birth: Cohort 1 = born in 1977, Cohort 2 = born in 1974, Cohort 3 = born in 1971, Cohort 4 = born in 1968,
and Cohort 5= born in 1965. d Individual characteristics: summary of an individual’s chronic conditions
and body fat. ¢ Family background factors: family income, parents’ education, family size. f Academic
achievement: predetermined academic achievement (GPA) at the age of 12 refers to a self-reported numer-
ical assessment on a scale of 4-10 (4 is failing and 10 is excellent).

2.44 Endogeneity of physical activity

As several previous studies have suggested (Cabane et al., 2016; Eide and Ro-
nan, 2001), participation in sports might be endogenous. This means that the
choice to participate in physical activity might be influenced by the same forces
that affect the outcome variable of interest (Bound et al., 1995). In the case of
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physical activity, such forces might be an individual’s personality and abilities.
An alternative identification strategy for examining the relationship between
physical activity and educational outcomes, and address the potential endoge-
neity of physical activity is to use an IV approach. This approach requires in-
struments that affects educational outcomes only through its effects on physical
activity. Prior literature has used, for example, legislation (Stevenson, 2010),
school characteristics (Barron et al., 2000), and body height (Eide and Ronan,
2001; Pfeifer and Cornelien, 2010; Rees and Sabia, 2010) as instruments. Addi-
tionally, in a recent study by Cabane et al. (2016), parental artistic activities
were used as an instrument to examine the role of playing music or doing
sports in education and health outcomes. As suggested by Cabane et al. (2016)
parental artistic activities are a strong predictor of an adolescent’ participation
in music and are unlikely to influence the outcome directly. In the present study,
we captured parents’ physical activity details as an instrument. Parents” physi-
cal activity is a strong predictor of adolescent physical activity and is unlikely to
affect educational outcomes directly. Moreover, as in the studies by Pfeifer and
Cornelifien (2010), Rees and Sabia (2010), and Eide and Ronan (2001), we used
an individual’s body height as an instrument.

In addition to the OLS estimates (Table 5, Column 1), Table 5 presents the
IV estimates of the relationship between physical activity, academic achieve-
ment, and educational attainment (Table 5, Columns 2-4). Since the IV esti-
mates can differ systematically from the target parameter if the sample size is
small (Angrist and Pischke, 2009, p. 205), the IV analysis was conducted using a
pooled sample of women and men, and the models were adjusted by sex, birth
cohort, and birth month.

The IV results showed a similar picture of the association as the baseline
OLS results. Regardless of the instrument, the IV estimates were positive and
statistically significant, suggesting that adolescent physical activity is positively
related to educational outcomes. When individual’s body height was used as an
instrument (Table 5, Column 2), the F statistic varied from 4.67 to 6.23 indicat-
ing that body height is only weakly correlated with adolescent physical activi-
ty.18 Therefore, the IV estimator may be biased toward the OLS estimator, and
the results should be interpreted with caution. In the case of parents’ physical
activity (Table 5, Columns 3 and 4), the F values varied from 26.85 to 70.19 indi-
cating that parents’ physical activity is highly correlated with their children’s
physical activity. In general, the IV estimates were greater than the correspond-
ing OLS estimates suggesting an even stronger association between physical
activity and educational outcomes.

Taken together, the IV results were in line with those in a study by Pfeifer
and Cornelifien (2010), who demonstrated a positive association between partic-
ipation in sports and educational attainment. However, in contrast to Rees and

18 To be valid, two requirements must hold. First, the instrument needs to be correlated
with the included endogenous regressor, that is, participation in sports, and second,
uncorrelated with the error term (Agrist and Pischke, 2009, p. 117; Stock and Yoko,
2005).
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Sabia’s (2010) findings, the present results also support the view that adolescent
physical activity is positively associated with academic achievement. Therefore,
our results provide evidence that leisure-time physical activity during adoles-
cence may not only predict academic success during compulsory basic educa-
tion but also boost educational outcomes later in life.

TABLE5  2SLS Estimates of relationship between physical activity level at 15 years and

educational outcomes.

Academic achievement at the age of 15

Educational attainment at the

years, age of 33-45 years,
grade point average years of education
1 2 3 4 1 2 3 4

PAI ~ 0.081*** 0.966** 0.285*** (.277*** 0.69***  2501**  0.850***  (0.833***
at15  (0.013) (0.476) (0.063)  (0.061) (0.036)  (1.086)  (0.192)  (0.186)
y
First- - 4.67 52.06 26.85 - 6.23 70.19 36.07
stage
F
N 1247 1247 1247 1247 1628 1628 1628 1628

Robust standard errors are in parentheses. The level of statistical significance: **p < 0.01, **p < 0.05, *p <
0.10. All models include controls for cohort (1-5) and birth month. The cohort dummies illustrate the year
of birth: Cohort 1 = born in 1977, Cohort 2 = born in 1974, Cohort 3 = born in 1971, Cohort 4 = born in 1968,
and Cohort 5= born in 1965. I Baseline OLS. Instruments used: II height; III Physical Activity, Father; IV
Physical Activity, Father and Mother.

2.5 Conclusion

Using data from a population-based follow-up study from youth to adulthood
combined with register-based information on post-compulsory education, the
aim of this study was to examine whether adolescent physical activity is associ-
ated with academic achievement at the end of compulsory basic education and
with educational attainment later in life. The results provided evidence that
physical activity in adolescence was positively associated with educational out-
comes: The physical activity level at age 15 and an increase in the physical activ-
ity level between the ages of 12 and 15 were positively related to GPA at age 15
and years of subsequent education in adulthood. The results were robust to the
inclusion of additional covariates, including individual and family background
factors

The linked data and longitudinal setting of the study contribute to and ex-
tend the previous literature in four important ways. First, the longitudinal set-
ting allowed tracking the same individuals’” educational outcomes starting from
compulsory basic education until the end of post-compulsory graduation. Sec-
ond, instead of a single measure of physical activity, the study included four
measures to illustrate physical activity: leisure-time physical activity level at
age 15, change in the physical activity level between the ages of 12 and 15, par-
ticipation in sports club training sessions, and participation in sports competi-
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tions. However, physical activity details were self-reported; thus, some meas-
urement error may exist (Sallis and Saelens, 2000; Shephard, 2003). Third, in-
stead of self-reported information on post-compulsory education, this study
used the years of completed education obtained from Statistics Finland. This
mitigated the possible measurement error in the outcome variable. Fourth, to
alleviate possible endogeneity of physical activity, omitted variable bias, and
measurement error, an IV approach was employed. Following Pfeifer and Cor-
nelifien (2010), Rees and Sabia (2010), and Eide and Ronan (2001), individual’s
body height was used as an instrument. The data also allowed to tackle parents’
physical activity details as an instrument to explain variations in their children’s
sports participation.

The result provided evidence that adolescent physical activity is positively
related to educational outcomes during the life course, but the explanation for
this association is unclear. Therefore, future research should explore the poten-
tial mechanisms behind the findings of this study. To uncover these mecha-
nisms, future studies need informative data sets covering, for example, health
endowments, cognitive ability, personality, and family background factors (e.g.,
parental involvement in youth sports, family support). Additionally, more re-
search is needed to clarify the longitudinal relationship between physical activi-
ty and educational outcomes. For now, we are persuaded to think that the find-
ings of this study are generalizable to other developed countries with similar
physical activity behavior as well as educational attainment. More specifically,
as in many other countries (Hallal et al., 2012; Tremblay et al., 2016; WHO,
2010), the physical activity levels are low among Finnish children (Tammelin et
al., 2016). Regarding educational attainment, the cross-country comparisons,
reveal that, in terms of educational level, Finns aged 25 to 64 years are ranked
seventh among OECD countries (OECD, 2015). To further increase understand-
ing of this longitudinal association between physical activity and educational
outcomes, it would be valuable to replicate this study with data drawn from
other countries than Finland.

The choice of post-compulsory education is one of the most important in-
vestments in human capital (Becker, 2009). Apart from the well-known health
effects of physical activity (Lee et al., 2012; Murray and Lopez, 1997, WHO,
2010), the positive association found in the present study provides evidence
that physical activity may predict better learning outcomes starting in compul-
sory basic education and continuing until the end of post-compulsory gradua-
tion.
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TABLE A.1 The original scoring and recoding of the items included in the physical activity

index (PAI) in 1980-989, range from 5 to 14.

Items

Original Score

Code for PAI

How often do you engage in lei-
sure-time physical activity at least
half an hour per time?

Not at all

Less than once a month

Once a month

2-3 times a month

Once a week

2-6 times a week

Every day

How much are you breath-taking
and sweating when you engage in
physical activity and sport?

Not at all

Moderately

Lot of

How many times a week do you
usually engage in the training
sessions of sports club?

Not at all

Occasionally

Less than once a month

Once a month or more

Once a week

Many hours and times a week

Do you participate in regional or
national level competitions?

No

Yes

What do you usually do in your
leisure time?

I am usually indoors and read or
do something like that

I spend my time indoors and out-
doors, outdoors I usually walk or
spend time with my friends.

I am usually outdoors and exercise
rather much.
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Appendix B

TABLE B.1 Descriptive statistics.

All Women Men
Data N Mean N Mean N Mean  p value?
Source (SD) (SD) (SD)

Physical activity

PAlat12y YFS 1723 957 886 9.06 837 10.11  p <0.001
(1.80) (1.63) (1.82)

PAT at 15y YFS 2445 897 1271 8.61 1174 9.37 p <0.001
(1.97) (1.77) (2.10)

APAI at 12— YFS 1723  -0.52 886 -0.37 837 -0.70  p<0.001

15y (1.84) (1.80) (1.88)

+APAI12-15 YFS 1723 0.27 886 0.31 837 0.23 p <0.001

yd (0.45) (0.46) (0.42)

-APAI12-15 YFS 1720  0.50 886 0.46 837 0.53 p <0.004

ye (0.50) (0.50) (0.50)

Participation ~ YFS 2445  0.28 1271 0.24 1174 0.32 p <0.001

in sports club (0.45) (0.43) 0.47)

training at 15

v

Participation ~ YFS 1854 0.24 981 0.19 873 0.30 p <0.001

in sports (0.43) (0.39) (0.46)

competitions

at15ys

Educational attainment

Grade point  YFS 1941 7.82 1022 8.08 919 7.53 p <0.001

average at 15 (0.93) (0.88) (0.90)

yh

Years of edu- FLEED 2445  13.53 1271 13.88 1174 1323 p<0.001

cationi (2.88) (2.82) (2.86)

Control variables

Healthi YFS 2437  0.19 1266 0.21 1171 0.18 p =0.076
(0.40) (0.41) (0.38)

Body fat YFS 2409 16.44 1254 4.42 1155 11.30 p<0.001
(7.33) (4.93) (5.91)

GPA 12 YFS 1729 7.87 899 8.07 830 7.64 p <0.001
(0.73) (0.68) (0.73)

Income, LPC 2429 4563 1262 4420 1167 4718  p=0.036

Mother (3492) (3324) (3658)

Income, Fa- LPC 2335 8573 1213 8604 1122 8538 p=0.781

ther (5693) (6063) (5265)

Education, YFS 2445  0.08 1271 0.07 1174 0.08 p =0.309

Mother 0.27) (0.26) (0.27)

Education, YFS 2445  0.10 1271 0.10 1174 0.10 p=0514

Father (0.30) (0.30) (0.31)

Family size YFS 2441 440 1269 442 1172 4.38 p =0.492
(1.44) (1.45) (1.44)

Notes. Cardiovascular Risk in Young Finns Study (YFS), and Finnish Longitudinal Employer-Employee
Data (FLEED) from Statistics Finland. a P values for gender differences (t-test). » The physical activity
index (PAI) (min. 5 to max. 14) at the age of 15 is a summary of five variables that illustrate the frequency
and intensity of leisure-time physical activity, frequency of participation in sports clubs training sessions,
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participation in sports competitions, and the most common activity during leisure time. ¢ APAI illustrates
the change in the PAI level between the ages of 12 and 15 years, when controlling for the physical activity
index at the age of 12. 4+APAl is a binary variable that gets value 1 if the individual has increased his or
her physical activity level between the ages of 12 and 15 years, and 0 otherwise. e-APAl is a binary variable
that gets value 1 if the individual has decreased his or her physical activity level between the ages of 12
and 15 years, and 0 otherwise. f Participation in sports club training sessions at the age of 15 is a binary
variable that gets value 1 if an individual participates in organized sports clubs training sessions, and 0
otherwise. 8 Participation in sports competitions at the age of 15 is a binary variable that gets value 1 if the
individual participates in national- or regional-level competitions, and 0 otherwise. The sample size varies
because in the 1992 follow-up the participation in sports competitions was not asked. h Grade point aver-
age (GPA) at the age of 15 refers to a self-reported numerical assessment on a scale of 4-10, where 4 de-
notes failing and 10 denotes excellent. i Register-based information on educational attainment based on the
years of completed education. i Summary of the following diseases: allergy/asthma, diabetes, convulsions,
heart defect, infectious and parasitic diseases, tumors, endocrine diseases/metabolic disor-
ders/malnutrition, blood disorders, mental disturbances, nervous and sensory system diseases, circulato-
ry system diseases, respiratory diseases, digestive system diseases, genital and urinary tract diseases, skin
and subcutaneous tissue diseases, musculoskeletal disorders, and other unidentified symptoms.
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Appendix C

TABLE C.1 Correlation coefficients.

Academic achievement Educational attainment at

at the age of 15 years, the age of 33-45 years,
grade point average? years of education®
Panel I: All
PATI at 15y 0.100%** 0.094***
APAT at12-15 y© 0.175%** 0.125%**
Participation in sports club 0.122%** 0.090***
training at 15 yd
Participation in sports competi- 0.103*** 0.069***
tions at 15 y®
Panel II: Women
PAlat15y 0.213%** 0.135%**
APAT at12-15y 0.187%* 0.121%**
Participation in sports team 0.152%** 0.104**
training at 15 yd
Participation in sports competi- 0.183*** 0.081***
tions at 15 ye
Panel III: Men
PAlat15y 0.142%* 0.105%**
APAT at12-15y 0.137*** 0.106***
Participation in sports club 0.146*** 0.097**
training at 15 yd
Participation in sports competi- 0.116*** 0.083***

tions at 15 y®

The level of statistical significance: *** p <0.001. aGPA at the age of 15 refers to a self-reported numerical
assessment on a scale of 4-10, where 4 denotes failing and 10 denotes excellent. b Register-based infor-
mation on educational attainment based on the years of completed education. ® The physical activity index
at the age of 15 years. ¢ APAlillustrates the change in the PAI level between the ages of 12 and 15 years. 4
Participation in sports club training is a binary variable that gets value 1 if the individual participates in
organized sports clubs training sessions, and 0 otherwise. ¢ Participation in sports competitions is a binary
variable that gets value 1 if the individual participates in national- or regional-level competitions, and 0
otherwise.



3 CHILDHOOD PHYSICAL ACTIVITY AND
ADULTHOOD EARNINGS®

Abstract™

Purpose: This study examined the associations between childhood physical
activity level and adulthood earnings. Methods: The data were drawn from the
ongoing longitudinal Young Finns Study, which was combined with register-
based Finnish Longitudinal Employer-Employee Data and register-based
parents” background information from the Longitudinal Population Census of
Statistics Finland. The study consisted of children who were 9 yr (n = 1257, 52%
boys), 12 yr (n = 1662, 51% boys), and 15 yr (n = 1969, 49% boys) of age at the
time when physical activity was measured. The children were followed until
2010, when they were between 33 and 45 yr old. Leisure-time physical activity
in childhood was self-reported, whereas earnings in adulthood were register-
based and covered over a 10-yr period from 2000 to 2010. Ordinary least
squares models were used to analyze the relationship between physical activity
and earnings. Results: Childhood physical activity level was positively
associated with long-term earnings among men (P < 0.001). In more detail, a
higher level of leisure-time physical activity at the age of 9, 12, and 15 yr was
associated with an approximate 12%-25% increase in average annual earnings
over a 10-yr period. The results were robust to controlling, e.g., an individual’s
chronic conditions and body fat, parents” education and physical activity, and

This chapter has been published as “Kari J.T., Tammelin, T.H., Viinikainen J., Hutri-
Kéhonen N., Raitakari OT., Pehkonen J. (2016). Childhood physical activity and
adulthood earnings, Medicine and Science in Sports and Exercise, 48(7), 1340-1346.”
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family income. Among women, no relation was observed. Conclusions: The
findings provide evidence that childhood physical activity can have far-
reaching positive effects on adulthood earnings. Possibilities for improving
physical activity during childhood may not only promote health but also affect
long-term labor market outcomes.

3.1 Introduction

According to current physical activity recommendations for health, only one-
third of the youth are estimated to be sufficiently active (Ekelund et al., 2011;
Hallal et al., 2012). Besides the widely acknowledged positive health effects of
physical activity (Lee et al., 2012; Luepker et al., 1996; Murray and Lopez, 1997;
Raitakari et al., 1997; Yang et al., 2008), physical inactivity has been identified as
the fourth leading risk factor for global mortality (World Health Organization,
[WHO], 2010), and several studies have reported increasing healthcare costs
due to physical inactivity (Colditz, 1999; Katzmarzyk et al., 2000; Katzmarzyk
and Janssen, 2004; Kohl et al., 2012; Lechner, 2015).

In addition to the positive correlation with health, physical activity has al-
so been linked to positive returns in the labor market. There is evidence that
former high school and college athletes (Barron et al., 2000; Ewing, 1998; Ewing,
2007; Long and Caudill, 1991; Stevenson, 2010) as well as those who are physi-
cally active in adulthood (Hyytinen and Lahtonen, 2013; Kavetsos, 2011; Kos-
teas, 2012; Lechner, 2009; Lechner, 2015; Rooth, 2011) typically perform better in
the labor market in terms of wages (Barron et al., 2000; Ewing, 1998; Ewing,
2007; Kosteas, 2012; Long and Caudill, 1991; Rooth, 2011) and employment
probability (Kavetsos, 2011; Stevenson, 2010. For example, using information
from a long-term perspective, Lechner (2009) and Rooth (2011) showed that
physical activity was positively related to monthly earnings and hourly wages,
and Hyytinen and Lahtonen (2013) reported similar results for men on the basis
of twin data. According to a field experiment conducted by Rooth (2011), em-
ployees also interpreted physical activity as a positive signal; that is, the proba-
bility of receiving a callback for a job interview was higher for those who an-
nounced to be physically active. Stevenson (2010), in turn, argued that the posi-
tive association between physical activity and wages existed solely because of
the increase in labor force participation.

Although a positive connection between physical activity and labor mar-
ket outcomes has been established, the reason for this correlation is unclear.
One possibility is that higher physical activity leads to health gains, which, in
turn, increase worker productivity and, therefore, labor market returns (Lech-
ner, 2009; Lechner, 2015). Productivity gains can arise, for example, from de-
creased absences due to sickness or from better performance by workers. It is
also possible that physical activity facilitates networking, which promotes ca-
reer development (Lechner, 2009). Additionally, physical activity may develop
non-cognitive skills, such as teamwork skills, sociability, or discipline (Alchian
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and Harold, 1972; Bailey, 2005; Bailey et al., 2009; Ewing, 1998), which are re-
warded in the labor market. Finally, physical activity can cause positive dis-
crimination (McCormick and Maurice, 1987; Rooth, 2011), which may explain
success in individuals” work lives.

Increasing evidence suggests that physical activity is related to substantial
economic and noneconomic returns. The benefits of physical activity not only
are confined to health but may also cover other areas such as labor market per-
formance. The purpose of this study was to examine the associations between
childhood physical activity and earnings in adulthood. We hypothesized that
higher physical activity level in childhood is associated with higher earnings in
adulthood. Previous literature concerning the relationship between physical
activity and labor market outcomes has mainly focused on physical activity
during adulthood or adolescence. However, the role of physical activity in
childhood is particularly relevant for two reasons. First, because childhood
physical activity is measured before any labor market experience, the potential
problem of reverse causality is eliminated. Second, if physical activity in child-
hood has far-reaching implications for future work life, this could be taken into
account by policy makers. In general, possibilities for improving labor force’s
productivity are important because higher productivity increases economic
welfare and strengthens competitiveness (Lechner, 2015).

3.2 Methods

3.21 Study population

The data were drawn from the ongoing longitudinal Young Finns Study (YFES),
which was launched in 1980, when 3596 (82.3%) of the 4326 invited individuals
in six age cohorts (age 3, 6, 9, 12, 15, and 18 yr) participated in the baseline
study. The participants were randomly chosen boys (51%) and girls (49%) from
five Finnish university cities (Helsinki, Turku, Tampere, Oulu, and Kuopio) and
their rural surroundings. The study has been conducted in seven follow-up
phases, and the most recent follow-up was performed in 2011/2012. The exam-
inations included comprehensive data collection using questionnaires, physical
measurements, and blood tests as previously described (Raitakari et al., 2008).
The research protocol for the YFS was approved by the ethics committees of the
five universities (Helsinki, Turku, Tampere, Oulu, and Kuopio), and written
informed consent was obtained before respondents participated in the study.
Moreover, data protection issues have been taken into account as specified in
current Finnish legislation.

The YFS was then linked to register-based Finnish Longitudinal Employ-
er-Employee Data (FLEED) from Statistics Finland. FLEED records detailed
information on labor market outcomes, and covers the period from 1990 to 2010.
Register-based information on family background was obtained from the Lon-
gitudinal Population Census of Statistics Finland from 1980. FLEED and the
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Longitudinal Population Census were linked to the YFS based on unique per-
sonal identifiers. This is exact matching and therefore avoids problems created
by errors in record linkages (Ridder and Moffitt, 2007).

The present study consisted of children who were 9 yr (n = 1257, 52%
boys), 12 yr (n = 1662, 51% boys), and 15 yr (n = 1969, 49% boys) of age when
the information about physical activity was collected. These individuals were
followed until 2010, when they were between 33 and 45 yr old. The original 9-
yr-old participants were born in 1971-1977, the 12-yr-old participants in 1968-
1977, and the 15-yr-old participants in 1965-1977.

3.2.2 Self-reported physical activity

Leisure-time physical activity at the age of 9, 12, and 15 yr was measured with a
self-reported questionnaire. The questions concerned the frequency and intensi-
ty of leisure-time physical activity, participation in sports club training, partici-
pation in sport competitions, and habitual way of spending leisure-time (Tela-
ma et al., 1996; Telama et al., 2014).The response alternatives were coded from 1
to 3, except participation in sport competition, which was coded from 1 to 2,
and thereafter summed to form a physical activity index (PAI) with scores rang-
ing from 5 to 14 (see Appendix, Supplemental Digital Content, original scoring
and recoding of the items included in PAI in 1980-1989, range from 5 to 14;
Telama et al., 1996).

3.2.3 Register-based annual earnings

Information on annual earnings was drawn from FLEED, which records infor-
mation on annual wage and salary earnings from tax authority registers. The
earnings were measured as a logarithm of the average annual wages and salary
earnings from 2000 to 2010. The values were deflated using the consumer price
index (base year 2000).

3.24 Statistical analyses

STATA software, version 13.1, was used for the statistical analyses. The analysis
was based on the ordinary least squares (OLS) models, where the associations
between childhood physical activity and later labor market returns were re-
gressed by using the logarithm of the average annual wages and salaries as the
dependent variable and the PAI at the age of 9, 12, or 15 yr as an explanatory
variable. All baseline models controlled for the birth cohort and the birth month,
which are both predetermined variables. Before the OLS models, the correlation
coefficients were calculated to illustrate the unconditional connections between
childhood physical activity and earnings in adulthood.

The consistency and the robustness of the OLS estimator require that the
physical activity variable and observed confounding variables are uncorrelated
with the error term and that unobserved individual heterogeneity is uncorrelat-
ed with the physical activity variable. We supported these assumptions with
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several methods. First, following Angrist and Pischke (2009, p. 68), all con-
founding variables in the baseline models were obtained before labor market
entry. Thus, future labor market outcomes cannot have an effect on the con-
founders measured before labor market entry. Second, it is possible that child-
hood physical activity reflects omitted variables without having an independ-
ent effect on later labor market outcomes. To alleviate this problem, the models
were extended by several additional covariates. First, the models were aug-
mented with individuals’ chronic diseases and body fat obtained in 1980
(Slaughter et al., 1988). Second, several family background variables obtained in
1980 (parents’” education, family income, parents” health, and parents” physical
activity) were added as controls.

As a robustness check, the baseline models were extended in three ways.
First, the sample size of the baseline models varied depending on the age when
the PAI was measured. Thus, the difference between the point estimates at the
age of 9,12, and 15 yr might partly reflect the differences in the sample. To con-
trol for this possibility, the sample size was locked up to those born in 1971 (n =
447 men and n = 437 women) and whose physical activity levels were measured
at all three time points (at the age of 9, 12, and 15 yr). Although this method
reduced the sample size, the same participants could be tracked during the en-
tire period. Second, we investigated whether the association between physical
activity and earnings is due to more intense labor market attachment of indi-
viduals who were more physically active. This was done by controlling indi-
vidual average employment months during 2000-2010, and thereby the possi-
bility that the results are driven by unemployment or labor market inactivity
could be considered. Finally, we tested whether taking into account the quality
of the leisure-time physical activity affects the results. This was done by divid-
ing the original PAI into two parts: a variable that indicated participation in
sport competitions (1 = participates in national or regional level sport competi-
tions, 0 = does not participate in sport competitions) and the original PAI sub-
tracted from the sport competition variable. The original PAI was replaced with
these two new variables in the wage equation.

3.3 Results

3.3.1 Baseline results

In all age groups (9, 12, and 15 yr), girls had lower physical activity levels com-
pared with boys (P < 0.001, Table 1). Similarly, the average annual earnings in
2000-2010 were lower among women compared with men (P < 0.001).
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TABLE 1 Sample characteristics according to gender

Women Men

n Mean (SD) n Mean (SD) P value?
PATI at 9 years 608 8.9 649 9.9 P <0.001
(5-14)b (1.415) (1.534)
PAI at 12 years 818 9.1 844 10.1 P <0.001
(5-14) (1.637) (1.823)
PAI at 15 years 1002 8.7 967 94 P <0.001
(5-14) (1.807) (2.127)
Earnings in 1579 18075 1563 24589 P <0.001
2000-2010 (€)c (11089) (17632)

a P values for gender differences (t-test). » The physical activity index (PAI) (scale 5 to 14) is a summary of
five variables that illustrate the frequency and intensity of leisure-time physical activity, frequency of
participation in sports clubs training, participation in sport competitions, and the most common activity
during leisure time. < Earnings illustrate the logarithm of the average of the annual wage and salary earn-
ings over the period 2000-2010. The values are deflated using the consumer price index (base year 2000).

According to the correlation coefficients, among men, the physical activity level
in childhood was positively associated with earnings in adulthood (P < 0.001,
Table 2), whereas no significant correlation was observed among women.

TABLE 2  Correlation coefficients

PAI 92 PAI 120 PAI 15¢ Earnings
2000-2010¢

Women

PAI9 Z

PAI12 0.490%%* -

PAI 15 0.261%+* 0.456%+* -

Earnings 2000-

2010 & 0.032 0.012 0.028 -

Men

PAI9 Z

PAI 12 0530+ -

PAI 15 0.424%% 0.574%% -

Earnings 2000- - " .

2010 5 0.127 0.080 0.120 -

The level of statistical significance: ***P < 0.001, **P < 0.01, *P < 0.05. a The physical activity index at the age
of 9 years. b The physical activity index at the age of 12 years. < The physical activity index at the age of 15
years. d Earnings illustrate the logarithm of the average of the annual wage and salary earnings over the
period of 2000-2010. The values are deflated using the consumer price index (base year 2000).

The baseline OLS estimates (Table 3, column 1) indicated that, among men,
higher physical activity at the age of 9, 12, and 15 yr was associated with higher
earnings. In terms of standardized coefficients, one SD increase in the PAI at the
age of 9 yr was related to approximately 38% higher long-term earnings, over a
10-yr period, whereas the standardized coefficient for the PAI at the age of 12
and 15 yr was approximately 29%. Unlike what was hypothesized, among
women (Table 4, column 1), no such relation was observed.
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The inclusion of a comprehensive set of potential confounding factors (Ta-
bles 3 and 4, columns 2, 3, and 4) kept the physical activity estimate by and
large intact. When individual and family background factors were controlled
(Table 3, column 4), one SD increase in the PAI at the age of 9, 12, and 15 yr was
related to an approximate 30% increase in adulthood earnings among men.

TABLE3 Regression analysis of long-term earnings among men

Ln(Earnings 2000-2010)a

1 2 3 4 5
(N =447)

PAI 9v 0.246*** 0.204*** 0.236*** 0.194*** 0.202%**
N =649 (0.059) (0.055) (0.062) (0.058) (0.064)
R2 0.04 0.14 0.06 0.16 0.23
PAI12 0.159%** 0.148%* 0.165*** 0.160%** 0.175%**
N =844 (0.048) (0.047) (0.048) (0.046) (0.053)
R2 0.03 0.012 0.05 0.14 0.23
PAI 15 0.135%** 0.124%*= 0.138%** 0.126%** 0.152%*=
N =967 (0.035) (0.034) (0.036) (0.035) (0.052)
R2 0.02 0.12 0.03 0.13 0.23
Control variables
Cohorte X X X X X
Month of birth X X X X X
Individual X X X
characteristicsd
Family charac- X X X
teristics

The level of significance: ***P < 0.001. Unstandardized coefficients. Robust standard errors are in the pa-
rentheses. @ Earnings are deflated using the consumer price index (base year 2000). > PAI 9, PAI 12, and PAI
15 illustrate the self-reported leisure-time physical activity at the age of 9, 12, and 15 years. ¢ Cohort dum-
mies illustrate the year of birth: Cohort 1 = born in 1962, Cohort 2 = born in 1965, Cohort 3 = born in 1968,
Cohort 4 = born in 1971, Cohort 5 = born in 1974, Cohort 6 = born in 1977. dIndividual characteristics in-
clude health and body fat (Slaughter equation). Health was controlled by using indicators for the follow-
ing diseases: allergy/asthma, diabetes, convulsions, heart defect, infectious and parasitic diseases, tumors,
endocrine diseases/metabolic disorders/malnutrition, blood disorders, mental disturbances, nervous and
sensory system diseases, circulatory system diseases, respiratory diseases, digestive system diseases, geni-
tal and urinary tract diseases, skin and subcutaneous tissue diseases, musculoskeletal disorders, and other
unidentified symptoms. ¢ Family background factors included parents” education, family income, parents’
health, and parents’ physical activity obtained in 1980.
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TABLE4 Regression analysis of long-term earnings among women

Ln(Earnings 2000-2010)2

1 2 3 4 5
(N =437)

PAI9 0.060 0.058 0.056 0.056 0.061
N =608 (0.048) (0.049) (0.047) (0.048) (0.055)
R2 0.03 0.06 0.07 0.09 0.10
PAI 12 0.026 0.023 0.020 0.017 0.014
N =818 (0.034) (0.034) (0.035) (0.034) (0.045)
R2 0.03 0.05 0.05 0.07 0.09
PAI 15 0.045 0.052 0.022 0.029 0.016
N =1002 (0.029) (0.027) (0.029) (0.028) (0.035)
R2 0.03 0.07 0.06 0.10 0.09
Control variables
Cohort X X X X X
Month of X X X X X
birth
Individual X X X
characteristics
Family char- X X X
acteristics

Unstandardized coefficients. Robust standard errors are in the parentheses. a Earnings are deflated using
the consumer price index (base year 2000). PPAI 9, PAI 12, and PAI 15 illustrate the self-reported leisure-
time physical activity at the age of 9, 12, and 15 years. ¢ Cohort dummies illustrate the year of birth: Cohort
1 = born in 1962, Cohort 2 = born in 1965, Cohort 3 = born in 1968, Cohort 4 = born in 1971, Cohort 5 =
born in 1974, Cohort 6 = born in 1977. 4 Individual characteristics include health and body fat (Slaughter
equation). Health was controlled by using indicators for the following diseases: allergy/asthma, diabetes,
convulsions, heart defect, infectious and parasitic diseases, tumors, endocrine diseases/metabolic disor-
ders/malnutrition, blood disorders, mental disturbances, nervous and sensory system diseases, circulato-
ry system diseases, respiratory diseases, digestive system diseases, genital and urinary tract diseases, skin
and subcutaneous tissue diseases, musculoskeletal disorders, and other unidentified symptoms. ¢ Family
background factors included parents’ education, family income, parents’ health, and parents” physical
activity obtained in 1980.

3.3.2 Robustness checks

The results remained intact when the sample size was restricted to individuals
(n = 447 boys and 437 girls) whose physical activity levels were followed at
three time points (at the age of 9, 12, and 15 yr) during childhood. Among men,
one SD increase in the PAI at the age of 9, 12, and 15 yr was related to an ap-
proximate 30% increase in long-term earnings over a 10-yr period. Among
women, no association was observed, which is in line with the baseline OLS
results.

After controlling for a person’s employment months in 2000-2010, child-
hood physical activity at the age of 12 and 15 yr was positively related to men’s
earnings (Table 5, column 1). However, the point estimate decreased indicating
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that one SD increase in the PAI at the age of 12 and 15 yr was related to an ap-
proximate 6%-7% increase in long-term earnings. Among women, the physical
activity level at the age of 15 yr turned significant after controlling for employ-
ment (Table 5, column 2). In this specification, one SD increase in the PAI was
related to an approximate 6% increase in adulthood earnings.

TABLE5 Robustness check, labor market attachment

Ln(Earnings 2000-2010)a

Men Women

PAI 9 0.036 0.007

(0.023) (0.017)
R2 0.53 0.61
PAI12 0.036*** 0.004

(0.014) (0.013)
R2 0.53 0.56
PAI15 0.026** 0.038***

(0.012) (0.011)
R2 0.52 0.52
Control variables
Cohorte X X
Month of birth X X
Employment X X
months in
2000-20104

The level of significance: ***P < 0.001, ** P < 0.01. Unstandardized coefficients. Robust standard errors are
in the parentheses. 2 Earnings are deflated using the consumer price index (base year 2000). ®PAI 9, PAI 12,
and PAI 15 illustrate the self-reported leisure-time physical activity at the age of 9, 12, and 15 years. ¢ Co-
hort dummies illustrate the year of birth: Cohort 1 = born in 1962, Cohort 2 = born in 1965, Cohort 3 = born
in 1968, Cohort 4 = born in 1971, Cohort 5 = born in 1974, Cohort 6 = born in 1977. dThe average of the
annual employment months in 2000-2010. Additionally, the results remained intact, when a predeter-
mined variable (the average of the employment months in 1999) was added.

The results from the models where the original PAI was divided into leisure-
time physical activity and participation in sport competitions are reported in
Table 6. After controlling for leisure-time physical activity, participation in
sport competitions at the age of 9 yr was related to higher earnings among men.
At ages 12 and 15 yr, only the leisure-time physical activity remained significant
and positive. Among women (Table 6, columns 3 and 4), no such relation was
found. The results were robust to the inclusion of an individual’s chronic dis-
eases, body fat, and family background factors (Table 6, columns 2 and 4).
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TABLE 6  Robustness check, leisure-time physical activity vs. target-oriented physical

activity
Ln(Earnings 2000-2010)2
Men Women
1 2 3 4
PA 9b 0.133* 0.105 0.015 0.012
(0.079) (0.076) (0.050) (0.054)
COM 9 0.402** 0.329* 0.184 0.188
(0.186) (0.076) (0.156) (0.175)
R2 0.05 0.19 0.03 0.10
PA 12 0.143** 0.109* -0.021 -0.020
(0.062) (0.063) (0.045) (0.052)
COM 12 0.037 0.174 0.143 0.095
(0.195) (0.205) (0.132) (0.146)
R2 0.03 0.17 0.03 0.08
PA 15 0.128** 0.148** 0.058 0.028
(0.058) (0.063) (0.038) (0.043)
COM 15 0.175 0.018 -0.044 -0.033
(0.235) (0.234) (0.171) (0.174)
R2 0.04 0.18 0.02 0.11
Control variables
Cohort X X X X
Month of birth X X X
Individual characteris- X X
tics
Family characteristics X X

The level of significance: ** P < 0.01, * P < 0.05. Unstandardized coefficients. Robust standard errors are in
the parentheses. a Earnings are deflated using the consumer price index (base year 2000). * PA 9, PA 12,
and PA 15 illustrate the self-reported leisure-time physical activity at the age of 9, 12, and 15 years exclud-
ing the participation in sport competitions. ¢ Participation in sports competitions (COM) is a binary varia-
ble that gets value 1 if individual participates in national or regional level sport competitions, and 0 oth-
erwise. 4 Cohort dummies illustrate the year of birth: Cohort 1 = born in 1962, Cohort 2 = born in 1965,
Cohort 3 = born in 1968, Cohort 4 = born in 1971, Cohort 5 = born in 1974, Cohort 6 = born in 1977.

3.4 Discussion

In summary, using a longitudinal population-based cohort study combined
with register-based information on labor market outcomes, this study investi-
gated the relationship between childhood physical activity and long-term earn-
ings. The results showed that, among men, self-reported physical activity in
childhood was related to higher long-term earnings in adulthood. Among
women, no such relation was observed.

The linked data and longitudinal setting of the study extend the previous
literature in three important ways. First, adulthood physical activity can be
shaped by success or failure in the labor market, which can make the direction
of the causality between physical activity and earnings unclear (e.g., Cutler and
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Glaeser, 2005; Hyytinen and Lahtonen, 2013; Lechner, 2009). We overcame this
problem by using measures of physical activity during childhood, before labor
market entry. Second, instead of cross-sectional information on earnings, which
contains idiosyncratic components and is often an inaccurate proxy for long-
term earnings (e.g., Bohlmark and Lindquist, 2006; Haider and Solon, 2006), this
study used the average earnings measured over a 10-yr period as the depend-
ent variable. The information on earnings was also register based, and therefore,
potential bias resulting from self-reported information can be ignored. However,
the physical activity measurements were obtained with a self-reported ques-
tionnaire, and thus, there may be some measurement error (Sallis and Saelens,
2000; Shephard, 2003). Finally, to mitigate the possibility that unobserved char-
acteristics, such as family background factors or pre-existing differences in
health and physical features, drive the results, we used individuals’ chronic
diseases, body fat, and several indicators for family background as control vari-
ables.

Our results showed that the childhood physical activity level was positive-
ly related to earnings among men. The results were robust to controlling for
individual and family background factors. Among women, no association be-
tween physical activity and earnings was observed. When an individual’s em-
ployment months were controlled, the physical activity point estimate de-
creased. This implies that the connection between physical activity and earnings
can be partly attributed to the more intense labor market attachment of physi-
cally active individuals; that is, they experience less unemployment or their la-
bor market participation is higher. A possible explanation for the positive asso-
ciation between physical activity and earnings is that some unobserved traits
are related to physical activity and earnings. Such traits could be ambition,
competitiveness, or target orientations, which may be more prevalent among
competitive athletes. To test this possibility, the original PAI was divided into
leisure-time physical activity and participation in sport competitions. However,
our results did not support the assumption that competitive children would
receive higher earnings once the leisure-time physical activity was controlled.

Our findings are consistent with previous literature in which adulthood
physical activity has been associated with higher earnings (Barron et al., 2000;
Ewing, 1998; Ewing, 2007; Hyytinen and Lahtonen, 2013; Lechner, 2009; Long
and Caudill, 1991; Rooth, 2011; Stevenson, 2010). However, all previous studies
investigated the role of adulthood physical activity or physical activity in ado-
lescence, and none focused on childhood physical activity, especially outside
school hours. In addition, the questions concerning the level of physical activity
were study specific. This study focused on leisure-time physical activity outside
school hours, whereas most of the previous studies focused on the frequency of
physical activity (Hyytinen and Lahtonen, 2013; Kavetsos, 2011; Kosteas, 2012;
Lechner, 2009), or high school athletic participation (Barron et al., 2000; Ewing,
1998; Ewing, 2007; Long and Caudill, 1991; Stevenson, 2010). Therefore, the
comparison between the results is not straightforward. Nevertheless, our re-
sults add to the current literature by showing that the association between



90

physical activity and labor market performance may start to develop as early as
in childhood.

One notable feature is the difference between the results for men and
women. The association was significant only among men. This finding is in line
with the study by Hyytinen and Lahtonen (2013) who reported 14%-17% higher
long-term income of physically active men than that of the less active men. Sim-
ilarly, a study by Long and Caudill (1991) showed that men who participated in
intercollegiate athletics had higher annual income compared with non-athletes,
whereas among women, no such income premium was found. Lechner (2009)
and Kosteas (2012), in contrast, found a significant positive relationship be-
tween adulthood physical activity and earnings for men and women. Finally,
Stevenson (2010) demonstrated a positive association between increased oppor-
tunities to participate in sports and subsequent wages among women. The con-
nection between physical activity and earnings seems to be positive and robust
among men, but for women, the results are less clear. The differences in the la-
bor force participation between fertility-age men and women might partly ex-
plain the results. Our results indirectly support this hypothesis because a posi-
tive association between physical activity and earnings was found among
women when the employment months were controlled.

Although the study demonstrated a positive association between physical
activity and earnings, the causality cannot be interpreted. An apparent threat to
the causal interpretation is that some unobserved characteristics are correlated
with physical activity and earnings. Intuitively, however, childhood physical
activity may promote adulthood labor market performance for four reasons.
First, childhood physical activity can lead to health gains, which are rewarded
later in working life with higher productivity and higher earnings. According to
Smith (2009) and Lundborg et al. (2014), poor health in adolescence had a sub-
stantial effect on earnings in adulthood, whereas Lechner (2009) showed that
adulthood physical activity had a sizable positive effect on health and long-
term earnings. Second, physical activity in childhood (e.g., participation in
sports competitions) may create networks, which promote career development
(Lechner, 2009), and therefore is positively associated with earnings in adult-
hood. Third, physical activity may improve non-cognitive skills, such as team-
work skills, sociability, or discipline (Alchian and Harold, 1972; Bailey, 2005;
Bailey et al., 2009; Ewing, 1998), which contribute later in the labor markets.
Fourth, physical activity might serve as a signal to employers of good health,
motivation, ambition, and productivity, and therefore causes positive discrimi-
nation (McCormick and Maurice, 1987; Rooth, 2011), which explains the wage
gap.

Only one-third of the youth are sufficiently active and meet current physi-
cal activity guidelines (Ekelund et al., 2011; Hallal et al., 2012). As this study
suggests, the consequences of childhood physical activity can be far-reaching.
Physical activity might not only promote health but also affect labor market
outcomes later in life. From policy perspective, the findings are twofold: If
childhood physical activity can boost an individual’s labor productivity, in-



91

creasing participation in physical activities during the life course may constitute
an important policy goal. Second, encouraging children to be physically active,
providing children equal possibilities to participate in physical activities regard-
less of their socioeconomic background, and targeting interventions to children
and youth with the lowest physical activity levels should become an important
policy objective. To further increase understanding of this association, it would
be valuable to explore the potential mechanism in more detail. In addition, un-
derstanding the role of physical activity in other dimensions of labor market
performance, such as unemployment and occupational sorting, could shed light
on the results.
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Appendix

Supplemental Digital Content. The original scoring and recoding of the items included in
physical activity index (PAI) in 1980-989, range from 5 to 14 (Telama et al.,
1996).

Items Original Score Code for PAI
How often do you engage in
leisure-time physical activity at
least half an hour per time?
Not at all

Less than once a month

Once a month

2-3 times a month

Once a week

2-6 times a week

Every day

How much are you breath-
taking and sweating when you
engage in physical activity and
sport?

Not at all 1 1
Moderately
Lot of 3 3
How many times a week do you
usually engage in the training
sessions of sports club?

Not at all

Occasionally

Less than once a month

Once a month or more

Once a week

Many hours and times a week
Do you participate in regional
or national level competitions?
No

Yes 2 2
What do you usually do in your

leisure time?

N oUW N
WNNR R R

N
N

N Ul W IN-
W NN PR ==

[
[

I am usually indoors and read or 1 1
do something like that

I spend my time indoors and 2 2
outdoors, outdoors I usually

walk or spend time with my

friends.

I am usually outdoors and exer- 3 3
cise rather much.




4 CHILDHOOD PHYSICAL ACTIVITY AND
LONG-TERM LABOR MARKET OUTCOMES

Abstract”

This study examines the relationship between physical activity in childhood
and long-term labor market outcomes in adulthood. To address this important
but under-researched theme, we analyze data drawn from longitudinal research,
the Cardiovascular Risk in Young Finns Study and from registries compiled by
Statistics Finland. Labor market outcomes include individuals’ employment
status, average employment months, and average unemployment months
calculated over the period from 1997 to 2010. Information on childhood leisure-
time physical activity is obtained at ages 9 and 15 years. Based on the changes
in physical activity level between the ages of 9 and 15 years, participants are
classified into five activity groups: persistently active, increasingly active,
moderately active, decreasingly active, and persistently inactive. The results
provide evidence that the consequences of childhood physical activity may be
far-reaching, as higher childhood physical activity increases the probability of
employment, is positively related to employment months, and is negatively
related to unemployment months. Regarding changes in physical activity level,
we find that persistently active individuals have the highest level of
employment and the lowest level of unemployment compared with other
activity groups. These results are robust to the use of covariates, such as pre-
existing health endowment, family income, and parents” education.

This study has been financially supported by the Finnish Ministry of Education and
Culture, Juho Vainio Foundation, Yrj6 Jahnsson Foundation (grants 6648, 6914, 6915),
the Academy of Finland (grant 273971), and OP Group Research Foundation. The
Young Finns Study has been financially supported by the Academy of Finland:
grants 134309 (Eye), 126925, 121584, 124282, 129378 (Salve), 117797 (Gendi), and
41071 (Skidi), the Social Insurance Institution of Finland, Kuopio, Tampere and Tur-
ku University Hospital Medical Funds, Juho Vainio Foundation, Sigrid Juselius
Foundation, Paavo Nurmi Foundation, Finnish Foundation of Cardiovascular Re-
search and Finnish Cultural Foundation, Tampere Tuberculosis Foundation and Emil
Aaltonen Foundation.
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4.1 Introduction

The World Health Organization estimates that only one-fifth of children
worldwide are sufficiently physically active and meet the current physical ac-
tivity recommendations for health (WHO, 2014)"’. The health benefits of physi-
cal activity and the health detriments of physical inactivity are widely acknowl-
edged. Among children and youth, physical activity has been linked with im-
proved cardiorespiratory and muscular fitness, cardiovascular and metabolic
health biomarkers, bone health, and body mass (Physical Activity Guidelines
Advisory Committee, 2008; Lee et al., 2012; Murray and Lopez, 1997). Physical
inactivity, in contrast, has been identified as the fourth leading risk factor for
global mortality (WHO, 2010); it is a principal cause for approximately 21%-
25% of breast and colon cancer burden, 27% of diabetes burden, and 30% of is-
chemic heart disease burden (Lee et al., 2012, WHO, 2009).

Given the established connection between physical activity and health, re-
search concerning the labor market returns of physical activity has increased in
recent years (see Table Al for a summary of the literature). Essentially, studies
in this field find that former athletic participation in high school and physical
activity in adulthood are positively related to earnings (e.g., Cabane, 2010;
Hyytinen and Lahtonen, 2013; Kosteas, 2012; Lechner, 2009; Lechner and
Downward, 2017; Lecher and Sari, 2015; Long and Caudill, 1991; Rooth, 2011;
Stevenson, 2010) and probability of employment (Cabane, 2014; Kavetsos, 2011;
Lechner and Downward, 2017) (Table A1).

Besides a positive association between cardiovascular fitness and earnings
among Swedish men, Rooth (2011) shows that individuals who indicate in job
applications that they are physically active have a higher probability of receiv-
ing callbacks to job interviews. Cabane (2014) finds that physical activity is re-
lated to quicker transitions from unemployment to employment, especially
among women. Additionally, using cross-sectional data from 25 European
countries, Kavetsos (2011) shows that physically active individuals are more
likely to be employed, and Lechner and Downward (2017) document a negative
association between sports participation and unemployment. Unlike Cabane
(2014) and Kavetsos (2012), Barron et al., (2000) do not find an association be-
tween high school athletic participation and the likelihood of being employed.
Instead, Barron et al. (2000) suggest that employed athletes typically receive
higher earnings than their non-athlete counterparts. Moreover, Lechner (2009)
shows that physical activity is positively related to monthly earnings and hour-
ly wages among men and women. In terms of labor supply, however, no asso-
ciation is found among men, whereas among women, the results suggest that
an increase in the probability of full-time employment corresponds to a decline

19 The recommended levels of physical activity for children (ages 5-11) and youth (ages
12-17) is to accumulate at least 60 minutes of moderate to vigorous-intensity physical
activity daily. Additionally, vigorous-intensity activities should be incorporated at
least three times per week including activities that strengthen the muscles and bones.
(Physical Activity Guidelines Advisory Committee, 2008; WHO, 2010.)



98

in the number of women who are considered as being out of the labor force
(Lechner, 2009).

Finally, Cabane and Clark (2015) and Kari et al., (2016) examine the rela-
tionship between childhood leisure-time physical activity, rather than high
school athletic participation or physical activity in adulthood, and labor market
outcomes. Cabane and Clark (2015) find a positive association between child-
hood sporting activities, managerial responsibilities, and the level of autonomy
at work. Regarding earnings, job satisfaction, and the probability of being a
worker, however, no association is found. Kari et al. (2016), in contrast, show
that childhood physical activity is positively related to long-term earnings in
adulthood, especially in men.

Previous studies provide consistent findings that physical activity is relat-
ed to more favorable labor market outcomes, but the mechanism between these
variables is unclear. The literature outlines four potential explanations for the
correlation between physical activity and labor market outcomes. First, physical
activity improves health, which may lead to better worker performance, there-
by increasing labor productivity and earnings (Lechner, 2009; Lechner, 2015).
Second, participation in physical activity facilitates social and professional net-
works, which may promote career development and eventually increase labor
market returns (Lechner, 2009). The third explanation is that physical activity
may develop cognitive (Aberg et al., 2009; Barron et al., 2000) and non-cognitive
skills (Bailey, 2005; Bailey et al., 2009; Ewing, 1998), which are rewarded later in
the labor market. Finally, employers may perceive that individuals who are
physically active are also in good health and have stronger motivations, ambi-
tions, and productivity, resulting in a type of positive discrimination (Rooth,
2011); this can explain the professional success experienced by individuals who
are physically active.

Despite this research, very little is known about the longitudinal associa-
tions between physical activity and labor market outcomes. An important limi-
tation of the existing empirical literature is the lack of data that contains de-
tailed, longitudinal information regarding both physical activity and labor mar-
ket outcomes. In particular, many of the previous studies examine physical ac-
tivity in adulthood only and include self-reported labor market details. As ear-
lier literature suggests, the labor market variables themselves may be related to
physical activity behaviors (see e.g., Kari et al., 2015; Meltzer and Jena, 2010;
Hyytinen and Lahtonen, 2013). This raises the potential problem of reverse cau-
sality. Moreover, using self-reported and cross-sectional information on labor
market outcomes may produce measurement error, which yields inaccurate
estimates. The aim of this paper is to address these problems. Here we ask
whether childhood physical activity, which is measured prior to any labor mar-
ket experience, is related to long-term labor market outcomes, the data for
which is drawn from administrative registries. Specifically this study seeks to
answer the following: Can childhood physical activity and the changes in phys-
ical activity from childhood to youth explain the differences in individuals” em-
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ployment probability, average employment months, and average unemploy-
ment months calculated over a 10-year period?

4.2 Methods

4.2.1 Data sources and sample

The data were drawn from three data sets and covers the period from 1980 to
2010: 1) the ongoing longitudinal research, Cardiovascular Risk in Young Finns
Study (YFS); 2) the Finnish Longitudinal Employer-Employee Data (FLEED) of
Statistics Finland; and 3) the Longitudinal Population Census (LPC) of Statistics
Finland.

YFS was launched in the late 1970s to study cardiovascular risk in adoles-
cence (Raitakari et al., 2008). In 1980, 3,596 children from six age cohorts (3, 6, 9,
12, 15, and 18 years) participated in the baseline study. The participants were
boys (51% boys) and girls (49%) randomly selected from five Finnish university
cities with medical schools (Helsinki, Turku, Tampere, Kuopio, and Oulu) and
their rural surroundings. Since 1980, seven follow-ups (1983, 1986, 1989, 1992,
2001, 2007, and 2011/2012) have been conducted. Each follow-up has included
comprehensive methods for data collection, including questionnaires, physical
measurements, and blood tests (see Raitakari et al., 2008 for additional details).
The YFS research protocol was approved by the ethics committees of the five
universities (Helsinki, Turku, Tampere, Oulu, and Kuopio), and written in-
formed consent was obtained before respondents participated in the study.
Moreover, the study complied with data protection measures as specified in the
current Finnish law.

Register-based FLEED is an annual panel, and in this study covers the
years from 1997 to 2010. FLEED records detailed information on labor market
outcomes, such as employment relationships, periods of unemployment, and
income?. The data derives directly from tax and other administrative registers
(e.g., employer’s enterprise code, establishment code) and is maintained by Sta-
tistics Finland. FLEED covers the entire working-age population of Finland.
LPC, in turn, includes register-based information on family background factors,
including parental education and family income since the year 1980. Similar to
Bockerman et al., 2015 and Pehkonen et al., 2015, the YFS data has been linked
to FLEED and LPC using unique, personal identifiers. This process involves
exact matching, without misreported ID codes, and therefore avoids problems
created by errors in record linkages (Ridder and Moffitt, 2007). Moreover, labor
market details do not suffer under-reporting, over-reporting, or recall errors.

20 Additional details of FLEED can be found here:
http:/ /stat.fi/ tup/mikroaineistot/ me_kuvaus_henkilo_en.pdf#_ga=1.220003225.183
0176940.1490362424.
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Combining these three data sets enables tracking of the individuals who partic-
ipated in the YFS in the baseline year (1980) from childhood to adulthood.

The empirical analysis focused on the YFS participants who were 9
(n=1565) and 15 (1=2445) years at the time when physical activity was meas-
ured?. Labor market details were obtained for a 14-year period of 1997 to 2010
(see Table A2 for additional details). Table 1 provides the mean characteristics
of the sample. Depending on the model specifications, the study sample varies
with a range from 1183 to 2427 participants?.

2 Physical activity was measured in the baseline year, 1980, and in the follow-ups in
1983, 1986, 1989, and 1992.

2 The number of observations depends on the outcome variable of interest (employ-
ment status, employment months, or unemployment months) and the period used
(1997-2010, 2005-2010, 2000, 2005, or 2010).



TABLE1 Mean characteristics of the sample
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Mean Std. Source
Individual characteristics
Female 0.51 0.50 FLEED
Age (in 2010) 40.43 4.99 FLEED
Health endowments  0.19 0.40 YFS
in 1980
Body fat (%) in 1980  16.87 7.70 YFS
Labor market outcomes
Labor market participation
2005-2010 0.83 0.30 FLEED
2010 0.84 0.37 FLEED
Employment months
1997-2010 9.52 2.89 FLEED
2005-2010 10.85 2.17 FLEED
2000 9.62 3.67 FLEED
2005 10.86 2.69 FLEED
2010 11.26 2.24 FLEED
Unemployment months
1997-2010 0.86 1.59 FLEED
2005-2010 0.70 1.68 FLEED
2000 0.94 2.46 FLEED
2005 0.75 2.24 FLEED
2010 0.81 2.46 FLEED
Physical activity index (PAI)
PAI at 9 years 9.40 1.56 YFS
PAI at 15 years 8.97 1.97 YFS
Change in physical activity level from 9 to 15 years
Persistently active 0.12 0.32 YFS
Increasingly active 0.22 0.42 YFS
Moderately active 0.17 0.37 YFS
Decreasingly active ~ 0.33 0.47 YFS
Persistently inactive  0.16 0.37 YFS
Other variables obtained in 1980
Family income (€) 13133 7599 LPC
Education high, Fa- ~ 0.10 0.30 LPC
ther
Education high, 0.07 0.26 LPC
Mother
Family size 4.38 1.45 YFS

Notes: YFS — Cardiovascular Risk in Young Finns Study; FLEED — Finnish Longitudinal Employer-

Employee Data; LPC — Longitudinal Population Census.
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4.2.2 Measures

Individuals” labor market outcomes were measured using three variables: em-
ployment status, employment months, and unemployment months. Employ-
ment status was formulated as a binary variable, which equals 1 if an individual
was employed throughout the observational year and 0 if otherwise (i.e., the
individuals was unemployed, retired, or out of the labor force throughout the
observational year). Employment months refers to the average number of em-
ployment months per year over the periods of 1997-2010 and 2005-2010, and
unemployment months refers to the average number of unemployment months
per year over the sample periods of 1997-2010 and 2005-2010. The period from
1997 to 2010 covers the entire working history of the YFS participants. The peri-
od from 2005 to 2010 covers the prime working age of the YFS participants, be-
cause the mean age varies from 28 to 45 years. In the baseline analysis, em-
ployment and unemployment details were also calculated for single years in
2000, 2005, and 2010.

Leisure-time physical activity outside school hours at ages 9 and 15 years
was measured using a self-reported questionnaire. From 1980 to 1989, the ques-
tions concerned the frequency and intensity of leisure-time physical activity,
participation in sports club training sessions, participation in sports competi-
tions, and most common ways of spending leisure-time (Telama et al., 1996;
Telama et al., 2014; Table A3). In 1992, the questions concerned the intensity of
leisure-time physical activity, frequency of intensive physical activity, hours per
week of intensive physical activity, average duration of physical activity ses-
sions, and membership with a sports club (Telama et al., 1996; Table A4). Fol-
lowing Telama et al., (1996), the response alternatives were coded 1, 2, or 3 —
except membership with a sports club, which was coded 1 or 2—and then
summed to yield a physical activity index (PAI) with scores ranging from 5 to
14.

To study the change in physical activity level from 9 to 15 years, partici-
pants were first divided into three groups according to their PAI values at age 9:
physically active (PAI values = 11), moderately active (PAI values = 9-10), and
physically inactive (PAI values < 8). Then, at age 15, participants were classified
into five activity groups based on the three aforementioned activity levels: 1)
persistently active, 2) increasingly active, 3) moderately active, 4) decreasingly
active, and 5) persistently inactive?.

3 The participants were first divided into three groups according to their PAI values at
age 9: physically active (PAI values >11), moderately active (PAI values = 9-10), and
physically inactive (PAI values <8). At age 15, the participants were divided into five
activity groups: persistently active, increasingly active, moderately active, decreas-
ingly active, and persistently inactive. Persistently active individuals had PAI values
of 211 at ages 9 and 15. The increasingly active participants raised their physical ac-
tivity level from “physically inactive” to “moderately active” or “physically active”
or from “moderately active” to “physically active”. Moderately active individuals
had PAI values of 9 or 10 at both ages. Decreasingly active individuals physical activ-
ity level fell from “physically active” to “moderately active” or “physically inactive”
or from “moderately active” to “physically inactive”. Persistently inactive individu-
als have PAI values of < 8 at both ages.
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4.2.3 Statistical method

The analysis was based on the ordinary least squares (OLS) model, in which the
associations between physical activity and labor market outcomes were re-
gressed using the average employment months and the average unemployment
months as the dependent variables and the PAI at the ages of 9 and 15 years as
explanatory variables. The baseline models include only exogenous and prede-
termined controls: gender, birth cohort, and birth month. The baseline analysis
was extended in three ways. First, the robustness of the baseline results was
evaluated to the addition of various controls, including individuals” chronic
diseases™, body fat®, family income, family size, and parents’” education in 1980.
Second, the associations were examined separately for women and men. Third,
the relationship between changes in physical activity level from 9 to 15 years of
age and long-term employment and unemployment months was examined.
Before developing OLS models, the association between childhood physical
activity and the probability of employment was illustrated using a probit model.

4.3 Results

4.3.1 Probability of being employed during prime working age

Table 2 reports the probit results of childhood physical activity and adulthood
employability. In all cases, the childhood physical activity estimate was positive
and statistically significant. On average, a one-unit increase in PAI at ages 9 and
15 years is related to approximately 1% higher probability of being employed
during the prime working-age period. The cross-sectional estimates for PAI at
ages 9 and 15 years were relatively similar: a one-unit increase in PAI at age 9
increased the probability of being employed in 2010 by approximately 2.4%.
The marginal effect for PAI at age 15 years was approximately 1.3%.

2 Individuals’ chronic conditions include allergy/asthma, diabetes, convulsions, heart
defect, infectious and parasitic diseases, tumours, endocrine diseases/metabolic dis-
orders/malnutrition, blood disorders, mental disturbances, nervous and sensory sys-
tem diseases, circulatory system diseases, respiratory diseases, digestive system dis-
eases, genital and urinary tract diseases, skin and subcutaneous tissue diseases, mus-
culoskeletal disorders, and other unidentified symptoms.

2 Percentage body fat is estimated using the Slaughter skinfold-thickness equation,
which is based on sex, maturation, and skinfold thicknesses (Slaughter et al., 1988).
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TABLE2  Childhood physical activity (PAI) at ages 9 and 15 years and the probability of

employment.
Employment Employment
(2005-2010) (2010)
ME-= ME
PAI at 9 years 0.096%** 0.012 0.099*** 0.024
(0.033) (0.027)
Pseudo R? 0.04 0.02
N 1529 1529
PAIat15years  0.077%** 0.009 0.057%* 0.013
(0.022) (0.017)
Pseudo R? 0.03 0.02
N 2386 2386

Notes: Regressions are probits. The dependent variable is a binary variable indicating whether an individ-
ual is employed. ME are the marginal effects calculated for the case of binary independent variables. All
models include controls for cohort (1-5) and birth month. Cohort dummies indicate the year of birth: Co-
hort 1 = born in 1977, Cohort 2 = born in 1974, Cohort 3 = born in 1971, Cohort 4 = born in 1968, and Co-
hort 5= born in 1965. Heteroscedasticity-robust standard errors are in parenthesis. ***Statistically signifi-
cant at least at the 1% level.

4.3.2 Baseline OLS results -long-term labor market outcomes

The estimates of the relationships between childhood physical activity and av-
erage employment and unemployment months are reported in Table 3. Regard-
ing long-term estimates (Table 3, Left-hand-side; Column 1), the baseline OLS
results suggested a positive association between childhood PAI and employ-
ment months. On average, a one-unit increase in PAI at 9 and 15 years was as-
sociated with approximately 0.12 and 0.08 more months of yearly employment,
respectively. The results did not change much when focusing on the prime
working-age period calculated over the years 2005 to 2010 (Table 3, Column 2).
On average, a one-unit increase in PAI at ages 9 and 15 years was associated
with approximately 0.07 more months of yearly employment. Regarding un-
employment, the associations were negative (Table 3, Right-hand-side; Col-
umns 1 and 2). On average, a one-unit increase in PAI at age 9 years was associ-
ated with approximately 0.05 less months of yearly unemployment, while the
coefficient for PAI at 15 years varied from -0.08 (Table 3, Right-hand-side, Col-
umn 1) to -0.09 (Table 3, Right-hand-side, Column 2). The cross-sectional esti-
mates (Table 3, Columns 3, 4, and 5) were more volatile than the corresponding
long-term estimates; the sign and the significance depended on the measure-
ment year. However, the sample characteristics reported in Table 1 indicate that
there is an annual variation in terms of employment and unemployment
months. Therefore, the use of cross-sectional variables might yield inaccurate
estimates and the results should be treated with a caution.
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4.3.3 Long-term labor market outcomes with additional covariates

Childhood physical activity may reflect omitted variables without having an
independent effect on labor market outcomes. Therefore, the robustness of the
baseline results was evaluated to the addition of various controls. In particular,
the models were adjusted with variables that could contribute to subsequent
labor market outcomes and correlate with childhood physical activity; that is,
the models accounted for individuals” chronic diseases and body fat, family in-
come, family size, and parents’ education. The inclusion of family background
factors from the baseline year 1980 provided controls for unobserved heteroge-
neity, such as innate ability and preferences, thus alleviating possible biases in
the estimated correlation. To rule out the problem of reverse causality, all con-
trol variables were predetermined and obtained before any labor market expe-
rience, as future labor market outcomes cannot affect controls measured before
labor market entry.

The inclusion of a comprehensive set of controls keep the physical activity
estimate largely intact (Table 4). The coefficients for employment months re-
mained positive and significant and the coefficients for unemployment months
remained negative and significant. The results were consistent regardless of the
period used, that is, whether focusing on the YFS participants’ entire working
history (period from 1997 to 2010) or the participants’ prime working age calcu-
lated over the sample period of 2005 to 2010.
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4.3.4 Long-term labor market outcomes-gender differences

To examine the potential gender heterogeneity, the models were stratified by
gender (Table 5). The models controlled for health endowments and several
family background factors. In line with the baseline OLS results, the results in-
dicated a positive association between childhood PAI and employment months
and a negative association between childhood PAI and unemployment months
among men. However, the point estimates were larger compared with those of
the pooled sample of women and men. For example, in the extended model
(Table 5, Left-hand-side, Column 3) a one-unit increase in PAI at 9 years of age
was associated with approximately 0.18 more months of yearly employment.
The results remained intact regardless of the period used (e.g., 1997-2010 vs.
2005-2010). Among women, in contrast, no association between childhood PAI
and employment months was found. Instead, PAI at 15 years was negatively
related to unemployment months (Table 5, columns 1, 2, and 3): a one-unit in-
crease in PAI at 15 years was associated with approximately 0.06 less months of
yearly unemployment.

The specificity of women’s career paths, especially women of childbearing
age, is an issue that must be considered when interpreting the results. The age
range of the study sample varied from 20 to 45. Thus, women’s choices regard-
ing childbearing and how those decisions impact labor market outcomes are
important for understanding the study results. This specificity may lead to a
more complex labor supply and more complex occupational choices among
women compared to men of the same age. Some earlier studies, including
Cabane (2010), Hyytinen and Lahtonen (2013), Barron et al. (2000), and Ewing
(1998), address this problem by excluding women from the sample and focus-
ing only on men, while Lechner and Downward (2017), Lechner (2009), and Ka-
vetsos (2011) stratify the models by gender. In contrast to the study by Lechner
and Downward (2017), who find a negative association between sports partici-
pation and unemployment, especially among men, our results indicated a nega-
tive association between those variables among men and women. Lechner
(2009), in turn, shows that the labor supply effects (full-time work, part-time
work, unemployed, and out of the labor force) of sports participation exist only
among women, while Kavetsos (2011) shows that physically active individuals
are more likely to be employed regardless of gender. However, in line with our
results, Kavetsos (2011) finds that the marginal effects of physical activity on
labor market outcomes are stronger among men compared to those of women.



109

*9z1s A[Turej pue “uoneonpa s juared ‘Ouoour AJiurey ey Apoq ‘SUOIPUOD DIUOIYD S,[ENPIAIPUL JO ATEWWINS Ik S[OIUO0D [PUORIPPY ‘A[@AT}oadsax
‘SIAD] %0T PUE %G “% T 9U3 Je 358 Je JUeoyIuSts A[edNSHEIS « u ‘xe "TI6L UT UI0] = 9 HOYOD) PUE ‘GY6T UI UIO] =G 100D ‘YT UT U0 = § HOY0D) “I/6T Ul UI0q = ¢ HOYOD ‘F/6T UT U10q = g 100D
‘//61 U1 UI0q = T }HOUO0D) :YMIq JO 1edA 3} 3}edIpUl SATUINp 1Oy "YIUOW I pue (9-T) 1I0Y0d I0J S[OIIU0D dPN]IUL SPPOW ([ ‘SIsayjuared Ur are SIOLIS pIepue)s SNqoI-A}IDISepadsoI)daf] :$a10N

SOMISLID)OL
X X X X -reyd Ajruue]
muﬂmwhwwum.Hmﬂu
X X X X X X X X Tenpiarpug
Yruour yaiq
X X X X X X X X X X X X ﬁﬁm whOQOU
moﬁn_mﬁm\w ~O.ECOU
$601 ¥601 P601 ¥601 7601 P601 £201 £201 £201 $801 $801 ¥801 N
$0°0 €00 €00 G0°0 €0°0 €00 700 €00 €00 0r'0 80°0 80°0 l
(¢z20°0) (¢z0°0) (¢z0°0) (cz00) (c200) (cz070) (520°0) (s20°0) (520°0) (ge00)  (ce00)  (s€00) srealk
228010 £xx90T°0- xx90T°0- xxx820°0- 2xx£80°0~ £xx£80°0~ xxxE0T°0 xxx70T°0 xxx90T°0 xxL0T°0 xxx30T°0 2xx00T°0 SrLiIeIvd
aes aes aes 62 GeL aes 769 769 769 6¢L 62 6TL N
$0°0 200 200 $0°0 200 100 G0°0 700 700 800 900 900 al
(0%0°0) (1%0°0) (1%0°0) (80°0) (60°0) (6£0°0) (#0°0) (s%0°0) (5%0°0) (2900) #9000  (£90°0)
£x680°0~ £x060°0~ «x 1800~ 6900~ x690°0- x¢20°0- xxxV8L°0 xx£x38T°0 xxx38T°0 £xx/8T°0 xxxL0C°0 x0T 0 m.ﬁw@% 61 1IvVd
U9IN'g ﬁwﬁmm
P8IL PSIL P8IL PSIL P8IL PSIL 6011 6011 60TL 6411 6411 6411 N
700 €00 200 900 700 €00 700 €00 €00 80°0 £0°0 £0°0 l
(rz0°0) (rz0°0) (1200) (810°0) (810°0) (810°0) (5£0°0) (#€0°0) (¥€0°0) #vo0)  wp00)  (FP00) s1eak
wx4G60°0"  wxx[L00  wxxLL00- #22G90°0"  #xxG80°0-  #xxG80°0" 9100 $€0°0 €€0°0 $€0°0 0%0°0 6£0°0 GLI®IvVd
L (4 (4 (4 474 (4 169 169 169 6L 6£L 6L N
€0°0 200 200 900 €00 200 €00 200 200 900 $0°0 700 l
(5€0°0) (5€0°0) (¥€0°0) (820°0) (820°0) (820°0) (290°0) (290°0) (290°0) (2000  (Fz00)  (F£0°0)
100°0~ 100°0~ €000°0- £20°0 Gz0°0- 820°0- 950°0- £90°0- 0£0°0- 9200 T100 0ST0  steakgielvd
USWIOM 'V ﬁmﬁmm
€ 4 1 € 4 1 € 4 1 € 4 1
0102-S00Z 010C-2661 0102-S00T 010Z-L661

sypuoly Juswfojdwaun agersay

syjuolN Juawfojduwyg aderoay

Iopuad Aq SOWI0OINO JoXTeW I0qe] WId)-3Uo] pue s1eak GT pue ¢ sade je (Ty ) xopur Aj1anoe [edrsAyd jo synsar uorssarday ¢ JI1dV.L



110

4.3.5 Changes in childhood physical activity level and long-term labor mar-
ket outcomes

Typically, overall physical activity level and sports participation decreases dur-
ing childhood and youth (Inchley et al., 2016; Nader et al., 2008; Tomkinson and
Olds, 2007). A similar trend can be seen in YFS data; approximately 33% of
children are decreasingly active between the ages of 9 and 15 (Table 1), while
the percentage of increasingly active children is 22%. An open question is
whether these changes are related long-term labor market outcomes.

Table 6 presents descriptive statistics regarding the relationship between
changes in physical activity level and labor market outcomes. From here on,
childhood physical activity was divided into five activity groups based on the
changes in physical activity level between the ages of 9 and 15 years. In this
model specification, the three youngest cohorts were included in the analysis
(see Table A2 for the cohorts and the design of the study). Labor market out-
comes, as measured by average employment and unemployment months, var-
ied by activity group®. In particular, the average employment months were
higher and the average unemployment months were lower among individuals
who were classified as persistently active compared to individuals categorized
in the other activity groups.

TABLE6  Long-term employment and unemployment months by activity group

%-Share Average Em- %-Share Average Unem-
ployment ployment Months
Months (2005-2010)
(2005-2010)
Persistently active 12.0 11.31 11.5 0.28
Increasingly active 22.2 10.70 22.4 0.54
Moderately active 16.4 10.70 16.6 0.44
Decreasingly active 33.1 10.64 33.3 0.76
Persistently inactive 16.3 10.59 16.5 0.83
F-test statistics 3.10 3.85
(p=0.015) (p<0.01)
N 1183 1257

Heteroscedasticity robust F-test statistics for the null hypothesis of equal group means.

2 In Table A5, the average employment and unemployment months are calculated
over the period 1997-2010.
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Figures 1 and 2 illustrate the average yearly employment and unemployment
months by activity group from 2005 to 2010%. In general, it appears that the la-
bor market outcomes were more favorable among the persistently active group
on a yearly basis (Figures 1 and 2). More specifically, from 2005 to 2010, the av-
erage employment months of persistently active individuals are at the highest
level in each year (Figure 1). Among the other activity groups, the average em-
ployment months are relatively similar. Interestingly, even after the financial
crisis in 2008, the trend has been increasing among persistently active individu-
als, whereas persistently inactive individuals have experienced downward
sloping trend (Figure 1). Regarding unemployment, the yearly level is lowest
among persistently active individuals (Figure 2). Unlike in Figure 1, Figure 2
displays a certain order among the other activity groups. For example, in 2010,
persistently inactive individuals have the highest level of unemployment, de-
creasingly active individuals have the second highest, and moderately active
individuals are in the middle, while increasingly active individuals have the
second lowest and persistently active individuals have the lowest level of un-
employment.

12,0

-
=
w

Persistently active
== == [ncreasingly active

= === Moderately Acitve

Decreasingly active

Average employment months

------ Persistently inactive

2005 2006 2007 2008 2009 2010
Year

FIGURE1 Average employment months by activity group over the period 2005-2010.

27 Figures Al and A2 in Appendix demonstrate the period from 1997 to 2010.
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Average unemployment months
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o
o
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FIGURE 2 Average unemployment months by physical activity group over the period
2005-2010

4.3.6 Long-term labor market outcomes by activity group

The estimates regarding the relationship between changes in childhood physi-
cal activity level and labor market outcomes are reported in Table 7. The base-
line estimates using the standard OLS specification revealed that, compared
with persistently active group, all other activity groups had lower employment
and higher unemployment. For example, persistently inactive individuals have,
on average, approximately 0.8 less months of employment than persistently
active individuals each year (p = -0.80, 95% Cl: -1.33 to 0.27) over the period
from 1997 to 2010. Regarding unemployment, persistently inactive individuals
had, on average, approximately 0.5 more months of unemployment regardless
of the time period (p = 0.57, 95% Cl: 0.32 to 0.82 over the period 1997-2010 and
B =0.52,95% CI: 0.25 to 0.78 over the period 2005-2010). The results align with
the graphical illustration presented in Figures 1 and 2.

The raw data (Figures Al and A2) suggest that some of the differences in
labor market outcomes may have been already present in 1997. In the case of
unemployment, for example, those who were classified as persistently inactive
already had the highest level of unemployment, and those who were classified
as persistently active had the lowest level of unemployment in 1997. In the case
of employment, in contrast, it appears that two groups already formed by 1997:
those who were persistently inactive and increasingly active belonged to one
group and those who were decreasingly active, moderately active, and persis-
tently active belonged to another group. These differences imply that childhood
physical activity may reflect omitted variables without having an independent
effect on adulthood employment and unemployment months. To mitigate the
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possibility that unobserved characteristics, such as family background factors or
pre-existing differences in health and physical features drive the results, the
models were extended with individuals” health endowments and several family
background factors. As a result, the coefficients remained largely intact (Table
8).
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4.4 Discussion

This study examined the relationship between childhood physical activity and
long-term labor market outcomes. The baseline data was obtained from ongo-
ing, longitudinal research know as YFS and from registries compiled by Statis-
tics Finland. Two main findings emerged from the results. First, higher child-
hood physical activity increases the probability of being employed, is positively
related to employment months, and is negatively related to unemployment
months. Second, persistently active individuals between the ages of 9 and 15
years have a higher level of employment and lower level of unemployment
compared to other activity groups. These results were robust to the use of co-
variates, such as pre-existing health endowment, family income, and parents’
education.

The existing empirical literature investigating the role of childhood physi-
cal activity for improving individual’s labor market outcomes is limited. Re-
cently, more studies have been analyzing the relationship between adulthood
physical activity and labor market outcomes (see e.g., Cabane, 2014; Kavetsos,
2011; Lechner, 2009; Hyytinen and Lahtonen, 2013; Lechner and Sari, 2015;
Lechner and Downward, 2017) and to our knowledge, only two studies focus
specifically on determining whether childhood leisure-time physical activity is
related to future labor market outcomes (Cabane and Clark, 2015; Kari et al.,
2016). Cabane and Clark (2015) use information on physical activity measured
at grades 7 and 12, and the information on labor market outcomes are obtained
13 years later. The study includes five labor market outcomes: the probability of
being employed, wages, managerial responsibilities, autonomy at work, and job
satisfaction. Kari et al. (2016) analyzes the role of physical activity at ages 9, 12,
and 15 years in long-term earnings calculated over a 10-year period. Contrary to
our results, Cabane and Clark (2015) do not find an association between child-
hood sporting activities and employment. Instead, their results suggest that
childhood sporting activities predicts managerial responsibilities and autonomy
at work. Kari et al. (2016), in turn, show that childhood physical activity is posi-
tively related to adulthood earnings.

The linked data and the longitudinal study design allowed us to contrib-
ute to and extend the previous literature in four important ways. First, as earlier
studies have suggested (see e.g,. Kari et al., 2015; Meltzer and Jena, 2010; Hyyt-
inen and Lahtonen, 2013), physical activity in adulthood can be partly ex-
plained by individuals” economic resources. This can make the direction of the
causality between physical activity and labor market outcomes unclear. Our
study overcame this problem by measuring physical activity during childhood,
a period in which subjects do not yet have any labor market experience. To con-
sider the changes in physical activity behavior from childhood to adulthood,
the models were extended by adulthood physical activity?8. As a result, the es-
timates for childhood PAI decreased but remained significant. Therefore, our

28 The results are available upon request.
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findings suggest that the relationship between childhood physical activity and
long-term labor market outcomes exists irrespective of changes in physical ac-
tivity throughout life.

Second, to mitigate the concern of idiosyncratic fluctuations related to
short-term measures, the labor market outcomes were calculated over the peri-
ods of 1997-2010 and 2005-2010. The former period constituted the entire work-
ing history of the YFS participants, and the latter period focused on the prime
working age of the YFS participants. Additionally, the labor market details
were obtained from registers maintained by Statistics Finland, and therefore,
potential biases resulting from self-reported information could be avoided.

Third, to alleviate the possibility that unobserved characteristics, such as
pre-existing differences in individuals’ health and family background factors,
drive the results, the baseline models were extended with individuals’ chronic
conditions, body fat, family income, family size, and parents” education.

Finally, as stated by Lechner (2009), the impact of physical activity on la-
bor market outcomes may take time to materialize. The longitudinal study de-
sign and the inclusion of childhood physical activity details combined with lon-
gitudinal labor market information enabled us to address this problem. We
were able to investigate whether the consequences of childhood physical activi-
ty on labor market outcomes start to develop as early as childhood, and wheth-
er we can explain the differences in adulthood labor market outcomes by child-
hood physical activity behavior.

We are persuaded to believe that the findings of the current study can be
generalized to other developed European countries. This is because physical
activity behavior and labor market participation are similar among Europeans;
the employment rates and female labor market participation are high across
European countries; and Europeans have similar labor market institutions
(OECD, 2016). As in many other countries (Ekelund et al., 2011; Hallal et al.,
2012; WHO, 2010; Tremblay et al., 2016), physical activity levels are low also
among Finnish children (Tammelin et al, 2016). Along with the widely-
acknowledged health benefits of physical activity, this study recognizes the role
of childhood physical activity in determining long-term labor market outcomes;
the consequences of childhood physical activity on subsequent labor market
outcomes may begin to develop as early as childhood. Thus, childhood physical
activity not only promotes health but may also contribute positively to labor
market outcomes later in life.
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TABLE A2 The cohorts and the study design

Data source

YFS FLEED

1980 1983 1986 1989 1992 1997 2000 2005 2010

base-  fol- fol- fol- fol-

line low-  low-  low-  low-

up up up up

Cohort 1 3 6 9 12 15 20 23 28 33
(born in 1977)
Cohort 2 6 9 12 15 18 23 26 31 36
(born in 1974)
Cohort 3 9 12 15 18 21 26 29 34 39
(born in 1971)
Cohort 4 12 15 18 21 24 29 32 37 42
(born in 1968)
Cohort 5 15 18 21 24 27 32 34 40 45
(born in 1965)
Cohort 6 18 21 24 27 30 35 38 43 48
(born in 1962)

Notes: YFS — Cardiovascular Risk in Young Finns Study; FLEED — Finnish Longitudinal Employer-
Employee Data. YFS was launched in 1980, with follow-ups conducted in 1983, 1986, 1989, 1992, 2001,

2007, and 2011. FLEED covers 1997-2010.
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TABLE A3 The original scoring and recoding of physical activity index (PAI) in 1980-989,
(range 5-14) (Telama et al., 1996).

Items

Original Score

Code for PAI

How often do you engage in
leisure-time physical activity
at least half an hour per
time?

Not at all

Less than once a month
Once a month

2-3 times a month

Once a week

2-6 times a week

Every day

How much are you breath-
taking and sweating when
you engage in physical activ-
ity and sport?

Not at all

Moderately

Lot of

How many times a week do
you usually engage in the
training sessions of sports
club?

Not at all

Occasionally

Less than once a month

Once a month or more

Once a week

Many hours and times a week

Do you participate in re-
gional or national level com-
petitions?

No

Yes

What do you usually do in
your leisure time?

I am usually indoors and read
or do something like that

I spend my time indoors and
outdoors, outdoors I usually
walk or spend time with my
friends.

I am usually outdoors and
exercise rather much.

N N O Ul W=

QN Q1 W=

) WNN R P,

W N R R
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TABLE A4 The original scoring and recoding of physical activity index (PAI) in 1992,
(range 5-14) (Telama et al., 1996).

Items Original Score Code for PAI

How much are you breath-
taking and sweating when
you engage in physical activ-

ity and sport?

Not at all 1 1
Moderately 2 2
Lot of 3 3
How often do you engage in

intensive physical activity?

Not at all 1 1
Once a month or more 2 1
Once a week 3 2
2-3 times a week 4 2
4-6 times a week 5 2
Every day 6 3
How many hours a week do

you engage in intensive

physical activity?

Not at all 1 1
%2 hour a week 2 1
1 hour a week 3 2
2-3 hours a week 4 2
4-6 hours a week 5 2
Over 7 hours a week 6 3
How long time do you usual-

ly spend for physical activity

Less than 20 min 1 1
20-40 min. 2 2
40-60 min. 3 2
More than 60 min. 4 3
Are you a member of the

sports club?

No 1 1

Yes 2 2
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TABLE A5 Long-term labor market outcomes by activity group

%-Share  Average Employment  Average Unemployment

Months Months
(1997-2010) (1997-2010)

Persistently active 11.5 9.82 0.42
Increasingly active 224 8.88 0.67
Moderately active 16.6 9.10 0.75
Decreasingly active 33.0 9.16 0.93
Persistently inactive 16.5 8.76 0.94
F-test statistics 3.76 497

(p<0.01) (p<0.01)
N 1251 1251

Heteroscedasticity robust F-test statistics for the null hypothesis of equal group means.
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5 INCOME AND PHYSICAL ACTIVITY AMONG
ADULTS: EVIDENCE FROM SELF-REPORTED AND
PEDOMETER-BASED PHYSICAL ACTIVITY
MEASUREMENTS#*

Abstract™

This study examined the relationship between income and physical activity by
using three measures to illustrate daily physical activity: the self-reported
physical activity index for leisure-time physical activity, pedometer-based total
steps for overall daily physical activity, and pedometer-based aerobic steps that
reflect continuous steps for more than 10 min at a time. The study population
consisted of 753 adults from Finland (mean age 41.7 years; 64% women) who
participated in 2011 in the follow-up of the ongoing Young Finns study.
Ordinary least squares models were used to evaluate the associations between
income and physical activity. The consistency of the results was explored by
using register-based income information from Statistics Finland, employing the
instrumental variable approach, and dividing the pedometer-based physical
activity according to weekdays and weekend days. The results indicated that
higher income was associated with higher self-reported physical activity for
both genders. The results were robust to the inclusion of the control variables
and the use of register-based income information. However, the pedometer-
based results were gender-specific and depended on the measurement day

This chapter has been be published as “Kari, ].T., Pehkonen, ]., Hirvensalo, M., Yang,
X., Hutri-Kéhonen, N., Raitakari, O. and Tammelin, T.H. (2015). Income and Physical Ac-
tivity among Adults: Evidence from Self-Reported and Pedometer-Based Physical Activi-
ty Measurements, PLoS ONE, 10(8), e0135651.”

This study was funded by the Finnish Ministry of Education and Culture and Juho Vain-
io Foundation. The Young Finns Study has been financially supported by the Academy of
Finland: grants 134309 (Eye), 126925, 121584, 124282, 129378 (Salve), 117797 (Gendi), and
41071 (Skidi), the Social Insurance Institution of Finland, Kuopio, Tampere and Turku
University Hospital Medical Funds, Juho Vainio Foundation, Sigrid Juselius Foundation,
Paavo Nurmi Foundation, Finnish Foundation of Cardiovascular Research and Finnish
Cultural Foundation, Tampere Tuberculosis Foundation and Emil Aaltonen Foundation.
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(weekday vs. weekend day). In more detail, the association was positive for
women and negative or non-existing for men. According to the measurement
day, among women, income was positively associated with aerobic steps
despite the measurement day and with totals steps measured on the weekend.
Among men, income was negatively associated with aerobic steps measured on
weekdays. The results indicate that there is an association between income and
physical activity, but the association is gender-specific and depends on the
measurement type of physical activity.

5.1 Introduction

The detrimental health consequences of physical inactivity are well-established
(Luepker et al., 1996; Murray and Lopez, 1997; Blair and Brodney, 1999; Tudor-
Locke and Bassett, 2004; Warburton et al., 2006; Lee et al., 2012). Physical inac-
tivity has been identified as the fourth-leading risk factor for global mortality
(World Health Organization, 2010), and several studies have reported increas-
ing healthcare costs due to physical inactivity (Lee et al., 2012; Colditz, 1999;
Katzmarzyk et al., 2000; Katzmarzyk and Janssen, 2004; Kohl et al., 2012). Nev-
ertheless, a substantial part of the population is not physically active (Kohl et al.,
2012; Hallal et al., 2012).

The empirical literature that has examined the relationship between eco-
nomic determinants and physical activity is large and yet increasing (Brown
and Roberts, 2011; Ruhm, 2000; Farrell and Shields, 2002; Laaksonen et al., 2003;
Parks et al., 2003; Humphreys and Ruseski, 2006; Humphreys and Ruseski, 2007;
Eberth and Smith, 2010; Meltzer and Jena, 2010). In general, the evidence sug-
gests a positive association between an individual's economic resources and
physical activity. Meltzer and Jena (2010), for example, found a positive associa-
tion between income and self-reported participation in physical activity. People
in the highest income group tended to have a 26% higher exercise energy ex-
penditure and a 3% higher exercise intensity than those in the lowest income
group. Similarly, Humphreys and Ruseski (2006; 2007) found a positive associa-
tion between income levels and participation in physical activity. Individuals
with higher incomes were more likely to participate in any type of physical ac-
tivity than those with lower incomes. Humphreys and Ruseski (2011) also im-
plied that income is an important determinant of physical activity: Individuals
with higher incomes were more likely to participate in physical activities, but
depending on participation, individuals spend less time on physical activities.
Brown and Roberts (2011), in turn, contended that the marginal effects of non-
labor income and hourly wage on participation in physical activity may be rela-
tively small. Moreover, the results suggested that monetary subsidies to pro-
mote participation in physical activity by working individuals may lead to a
less than 1% increase in the frequency of participation in physical activity com-
pared to the base category with no physical activity (Brown and Roberts, 2011).
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However, the relationship between income and participation in physical
activities can be more complex than expected. This view is based on the simple
assumption of utility maximization. In short, given time and budget constraints,
individuals allocate their time in order to maximize a given utility function
comprising the consumption of commodities and leisure (Gronau, 1977). This
behavior suggests that although higher incomes provide more opportunities for
physical activity (the income effect), higher incomes may also increase the op-
portunity cost of leisure time and, as a result, decrease the amount of time
spent on such activities (the substitution effect). According to Special Euroba-
rometer on Sport and Physical Activity (2014), the main barrier to physical ac-
tivity was lack of time (42%). Additionally, McConnell’s (1992) and Humphreys
and Ruseski’s (2006; 2011) models are examples in which the effect of changes
in income and the opportunity cost of time have opposite effects on the time
spent on physical activity and overall participation in physical activity. Melzer
and Jena (2010) and Brown and Roberts (2011) provided two recent empirical
contributions that support this view. These studies indicated that higher in-
comes may lead to more intense physical exercise (Meltzer and Jena, 2010) as
well as decrease the overall intention to exercise (Brown and Roberts, 2011).
Economy-level income measures provided similar findings. Ruhm (2000) indi-
cated that physical activity decreased when the economy strengthened, and
higher joblessness was related to higher levels of physical activity. In general,
Ruhm (2000) illustrated that a temporary deterioration in the economy was as-
sociated with health improvements.

In recent years, a growing number of population-based studies have used
objectively measured physical activity (e.g., pedometers and accelerometers)
(Hallal et al., 2012, Hendelman et al., 2000; Tudor-Locke et al., 2002; Tudor-
Locke and Bassett, 2004; Vanhees et al., 2005), apart from self-reported ques-
tionnaires. However, to our knowledge, studies that investigate the relationship
between income and physical activity by using self-reported as well as objective
measures of physical activity have not been conducted. In a broader context, a
better understanding of how income is associated with different dimensions of
physical activity can aid health promoters in implementing efficient tools for
increasing participation in physical activity for individuals with different socio-
economic backgrounds. The purpose of the present study was to examine the
associations between an individual’s income and physical activity in adulthood
by using data from the Young Finns Study (YFS). In particular, the study ex-
tended the previous literature by using three measures of physical activity: the
self-reported leisure-time physical activity index, pedometer-based daily total
steps, and pedometer-based aerobic steps reflecting continuous activity for
more than 10 min at a time. We hypothesized that income is positively associat-
ed with physical activity.
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5.2 Materials and methods

5.2.1 Ethics statement

The study was approved by the local ethics committees (The Ethics Committee
of the Hospital District of Southwest Finland), and each participant gave writ-
ten informed consent before participating in the study.

5.2.2 Study population

The data were drawn from the ongoing longitudinal YFS, which was launched
in 1980 (Raitakari et al., 2008). The population of the YFS consisted of a random
sample of boys and girls from six age cohorts (3, 6, 9, 12, 15, and 18 years at the
baseline year in 1980) from five university towns in Finland with medical
schools (Helsinki, Turku, Tampere, Oulu, and Kuopio) and the surrounding
rural areas. In 1980, of the 4326 invited individuals, 3596 participated in the
baseline study. The study has been conducted in seven follow-up phases (1983,
1986, 1989, 1992, 2001, 2007, and 2011). The examinations have included com-
prehensive data collection using questionnaires, physical measurements, and
blood tests. The most recent follow-up was performed in 2011, when 2060 of the
original participants, aged 34 to 49 years, participated in the examinations. Val-
id self-reported and pedometer-based physical activity details were obtained
from 1155 (715 women and 440 men) individuals. Of those, 753 individuals
(mean age 41.7 years; 64% women) were included in the present study sample.
In 2008, a detailed description of the cohort profile was formed (Raitakari et al.,
2008). Opverall, participation has been evolved over time. Some of those who
were lost to follow-up early in the study returned later. Those who dropped out
were more often men and younger than those who remained in the study. A
comparison of the physical activity levels showed no difference between the
participants and the dropouts (Hirvensalo et al., 2011).

5.2.3 Physical activity

Three variables illustrated daily physical activity in 2011: the self-reported lei-
sure-time physical activity index (PAI), total steps per day, and aerobic steps
per day. Self-reported leisure-time physical activity, expressed as the PAI, rang-
ing from 5 to 15, was collected with a questionnaire. The PAI was formed as the
sum of five variables that describe the frequency and intensity of physical activ-
ity, the frequency and average duration of moderate to vigorous physical activi-
ty sessions, and participation in organized physical activity during leisure time
(Telama et al., 2005). Physical activity was also measured with a pedometer
(Omron Walking Style One HJ-152R-E) for 7 consecutive days (Hirvensalo et al.,
2011), and the results were expressed as total steps per day and aerobic steps
per day. Total steps per day contained every step that was taken during the day
including leisure time and working time. Since physical activity recommenda-
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tions suggest that for optimal health benefits a minimum of moderate intensity
aerobic physical activity should be performed in periods of at least 10 min
(World Health Organization, 2010; Haskell et al., 2007), the aerobic steps were
calculated automatically for continuous walking >10 min without interruption
at a pace of >60 steps/min. The steps measured with the Omron Walking Style
pedometer were comparable to the steps measured with the ActiGraph accel-
erometer (GT1M) with a correlation coefficient of 0.942 (P < 0.001) (Hirvensalo
etal., 2011).

5.2.4 Income

The information on an individual’s annual income was collected with a self-
reported questionnaire in 2007 and 2011 and information on household income
in 1980, 1983, and 1986. From those years, three years (1980, 2007, and 2011)
were chosen in the present study to illustrate an individual’s income. In 2011,
the variable contained 13 response categories, and in 2007 eight categories. In
the baseline year 1980, household income contained eight categories, and the
values were converted into euros by using monetary value coefficients from
Statistics Finland.

5.2.,5 Statistical analysis

STATA SE/13.1 for Windows was used for the statistical analyses. Correlation
coefficients between the measures of physical activity were calculated. In addi-
tion, the following ordinary least squares (OLS) regression model was formed
to explore the association between income and physical activity:

PHYSICAL ACTIVITY,, = a,+ B X INCOME,;, + uX Xo + ., (1)
where the subscript i describes the individual, t describes the study year, and j
captures the alternative physical activity dimensions: the physical activity index
[PAlL], total steps per day [STEPSi], and aerobic steps per day [ASTEPS:]. ai
indicates the unobserved but time-invariant differences in physical activity be-
tween individuals, and & is the stochastic error term with constant variance. {3
is the main parameter of interest, measuring the association between physical
activity and income at the given vector of the control variables (Xi;). The data
provided several possible controls (i.e., potential confounding factors), consist-
ing of observed socioeconomic characteristics (age, neighborhood, marital sta-
tus, number of children, years of education, work status [working/not work-
ing], and workload), health status (summary of the self-reported number of dis-
eases and body mass index [BMI]), and family background factors (parental
education and parental physical activity measured in 1980). Information on
family background factors from the baseline year 1980 provided controls for
unobserved heterogeneity, such as innate ability and preferences, thus alleviat-
ing possible biases in the estimated correlation with physical activity and in-
come.
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The consistency and robustness of the OLS estimator of our model (Eq. 1)
require that the income variable and the observed control variables are uncorre-
lated with the error term (gji) and that unobserved individual heterogeneity is
uncorrelated with the income variable. We supported as well as to scrutinized
the robustness of these assumptions with the following ways. First, following
Angrist and Picshke (2009), we used predetermined values for all observable
controls (Xit). Assuming that individuals do not make forward-looking plans for
physical activity, future physical activity cannot have an effect on the control
variables measured before the level of physical activity is chosen. Therefore,
future physical activity cannot have an effect on the control variables measured
before physical activity. Second, we controlled unobserved individual hetero-
geneity by using data on individuals” family background; that is, we controlled
parental education and parental physical activity observed in the baseline year
1980.

5.3 Results and discussion

5.3.1 Sample attrition

Table 1 presents the mean and standard deviations of the study sample, N = 753
according to gender (see the comparisons of the full sample and the study sam-
ple from Appendix S1 Table 1). The size of the full sample varied depending on
the number of missing values (S1 Table 1). For example, valid self-reported and
pedometer-based physical activity details were observed from 1155 (N = 715
women and N = 440 men) individuals. The study sample locked up the number
of individuals (N = 753), where all subjects with missing observations were ex-
cluded from the analysis. This enables the comparison between the models.
Although the differences between the samples were modest, some features re-
quired attention. First, the means of physical activity measurements were high-
er in the study sample than in the full sample (P < 0.001-0.025), except the self-
reported physical activity among men. Second, there were no differences in the
income means in the study sample compared to the full sample.

One general feature of the data was that women tended to be more physi-
cally active compared to men based on all three physical activity measures (Ta-
ble 1). However, this is in line with national studies that have examined physi-
cal activity levels among Finnish adults (Helldan et al., 2013). In addition, inter-
esting details were found when the focus was on the type of the self-reported
physical activity (Table 1). First, the average duration (P = 0.041) as well as the
intensity (P = 0.012) of physical activity sessions were higher among men,
whereas women participated more often in organized sports (P < 0.001). Second,
the frequency of physical activity was higher among women compared to men
(P = 0.018). Finally, no differences were found in the frequency of vigorous
physical activity. Based on the previous studies, in turn, men were typically
more active compared to women (Brown and Roberts, 2011; Humphreys and
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Ruseski, 2006, Humphreys and Ruseski, 2007; Humphreys and Ruseski, 2011;
Eberth and Smith, 2010; Meltzer and Jena, 2010). For example, men tended to
exercise longer, more intensively (Meltzer and Jena, 2010), and more frequently
(Brown and Roberts, 2011) and had higher tendency to participate in physical
activity (Eberth and Smith, 2010) compared to women.
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TABLE1 Descriptive statistics of the study sample N =753 (N = 479 women and N = 274

men).

Variable Women Men P-value?
Mean SD Mean SD

Physical activity
Physical Activity ~ 9.36 1.77 8.98 1.83 0.005
Index (PAI)P
Frequency of PA  1.92 0.01 1.86 0.02 0.018
Intensity of PA 212 0.02 2.20 0.03 0.012
Duration of PA 2.09 0.02 2.16 0.03 0.041
Frequency of 1.66 0.02 1.63 0.03 0.401
MVPA
Organized sports ~ 1.51 0.03 1.16 0.02 <0.001
Total Steps / Day 8865 2811 8101 2874 <0.001
Aerobic Steps / 2789 2174 2005 2004 <0.001
Day
Socioeconomic characteristics
Age (years) 41.75 4.98 41.68 512 0.837
Incomesc 6.72 2.69 8.63 3.10 <0.001
Education (years) 16.27 3.31 15.50 3.33 0.002
Work statusd 0.92 0.28 0.98 0.16 <0.001
Light sedentary 0.34 0.47 0.33 0.47 0.911
work
Heavy physical 0.01 0.07 0.02 0.12 0.184
work
Number of chil- 1.75 0.44 1.69 0.46 0.101
dren
Married 0.79 0.41 0.83 0.38 0.153
Suburb 0.49 0.50 0.49 0.50 0.956
Health status
Number of dis- 1.13 1.23 0.85 1.02 0.001
eases®
Body Mass Index ~ 24.76 4.42 26.17 3.96 <0.001
Family background factors
Education (years) 10.06 3.05 10.27 3.31 0.381
Mother
Education (years)  9.90 3.81 9.88 3.79 0.944
Father
Physical activity =~ 1.67 1.51 1.62 1.48 0.698
Mother*
Physical activity =~ 1.88 1.70 1.81 1.61 0.565
Fatherf

PA, physical activity; MVPA, moderate to vigorous physical activity. 2 P-values for gender differences (T-test).Physical
Activity Index (PAI) is a summary of five variables that illustrate the frequency and the intensity of physical activity,
the average duration of physical activity sessions, the frequency of moderate to vigorous physical activity sessions, and
participation in organized sports during leisure time. Each response alternatives were coded from 1 to 3, and thereafter
added up to form a PAI with a scores ranging from 5 to 15. < Income categories: 1 = < €5000, 2 = €5000-10000, 3 =
€10001-15000, 4 = €15001-20000, 5 = €20001-25000, 6 = €25001-30000, 7 = €30001-35000, 8 = €35001-40000 9 = €40001-
45000, 10 = €45001-50000, 11 = €50001-55000, 12 = €55001-60000, 1 3= > €60000. ¢ Dummy-variable, which gets value 1 if
working, and value 0 if not working. ¢ Self-reported number of diseases. f Self-reported parental physical activity ob-
tained in 1980. The question contained the frequency of physical activity (1= Never, 2 =Once a month, 3 = 2-3
times/month, 4 = Once a week , 5 = 2-6 times/week 6 = Daily).
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5.3.2 Preliminary Results

The variation in three physical activity measures with income tertiles (Low,
Middle, and High) is described in Table 2. The self-reported physical activity
varied significantly with income for both sexes (P = 0.001 and 0.027); individu-
als with higher income had a higher PAI. However, total steps per day varied
by income only in men (P = 0.004). Men with higher income had fewer mean
total steps per day; that is, men in the high-income group had on average 1400
fewer steps than those in the low-income group. Aerobic steps, in turn, varied
significantly with income only in women (P = 0.008). Women in the high-
income group had on average 460 more aerobic steps per day than those in the
low-income group.

TABLE2 Summary statistics: Physical activity level with income tertiles: Low, Middle,
and High2 among women (N = 479) and among men (N = 274).

Income Group Self-reported Physi- Pedometer-based Physical Activity
cal Activity
Physical Activity Total Steps Aerobic Steps
Index (PAI)
Women Men Women Men Women Men
Low 9.02 8.61 8566 8707 2328 2159
(1.71) (1.78) (2988) (3124) (1879) (2024)
Middle 9.30 9.05 9038 8193 2948 1998
(1.75) (1.67) (2696) (2574) (2370) (1948)
High 9.77 9.32 8947 7311 3049 1835
(1.78) (1.99) (2764) (2701) (2133) (2044)
F-test 6.92 3.68 1.24 5.75 4.93 0.60
P-valueb 0.001*** 0.027** 0.289 0.004***  0.008*** 0.547

Robust standard errors are in the parentheses. aIncome divided into tertiles: Low, Middle, and High by
gender. Each group contains a third of the study sample. Significant at *10%, **5%, and ***1% level.

The correlation analysis (Table 3) illustrates the associations between the
measures of physical activity. In general, the correlation coefficients were high-
er in women than in men. Moreover, as in the study by Tudor-Locke et al.
(2002), the correlation coefficient between the self-reported PAI and pedometer-
based measures depended on how the pedometer outputs were expressed (e.g.,
total or aerobic steps), that is, the correlations were stronger between the PAI
and aerobic steps compared to those of the PAI and total steps. Since the corre-
lations between the self-reported and pedometer-based measures were modest,
the results suggest that each physical activity variable may illustrate a different
dimension of physical activity: The PAI reflects leisure-time physical activity,
total steps the overall daily physical activity, and aerobic steps continued and
intensive activity that lasts more than 10 min.
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TABLE3  Correlation between different physical activity measures among women (N =
479) and among men (N = 274).

Physical Activity Total Steps Aerobic Steps
Index (PAI)

Women

Physical Activity 1.000

Index (PAI)

Total Steps 0.213™ 1.000

Aerobic Steps 0.303™ 0.712" 1.000

Men

Physical Activity 1.000

Index (PAI)

Total Steps 0.138™ 1.000

Aerobic Steps 0.286™ 0.575™ 1.000

*** Significance at the 1% level.

5.3.3 OLS results

Table 4 reports the OLS estimates for alternative physical activity measures and
two alternative model specifications. For the PAI, the income coefficient meas-
ured the impact of a unit change in income level on the index of self-reported
physical activity. Total steps and aerobic steps were expressed in natural logs,
so the income estimate depicted a percent change in steps. To ensure compari-
sons between the specifications, all individuals with missing values were ex-
cluded from the analysis, and the total number of observations used in the
analysis was 753.

According to the results (Table 4), higher income was associated with
higher physical activity in women. The relationship was statistically significant
and robust across alternative physical activity measures as well as the inclusion
of control variables. Having a one-unit higher income level was associated with
a 0.11-unit higher PAI, approximately 1% more total steps, and approximately
4% more aerobic steps. Similarly, in men, the results indicated that higher in-
come was related to higher self-reported physical activity. The income estimate
was robust regarding the inclusion of control variables. However, unlike as hy-
pothesized, for the pedometer-based measures (total steps or aerobic steps), the
estimates were negative, and their statistical significance depended on the
model specifications. In the case of total steps, the inclusion of observable con-
trols made the income estimate statistically insignificant. For aerobic steps, the
inclusion of controls, in turn, provided a negative and statistically significant
estimate. Therefore, in men, having one unit higher income was associated with
higher self-reported physical activity but a lower number of total and aerobic
steps.
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TABLE4 Regression of the self-reported physical activity index and the pedometer-
based physical activity (total steps and aerobic steps), study sample (N = 753),
women (N = 479), men (N = 274).

Self-reported physical Pedometer-based physical
activity activity
Physical activity index Total steps Aerobic steps
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Women
Income 0.11%** 0.1717%* 0.01* 0.01** 0.05%** 0.04**
(0.029) (0.033) (0.006) (0.006) (0.016) (0.017)
ke 0.03 0.08 0.01 0.07 0.03 0.07
Men
Income 0.11%* 0.09* -0.02%** -0.01 -0.02 -0.04*
(0.034) (0.047) (0.007) (0.008) (0.020) (0.025)
ke 0.04 0.12 0.04 0.16 0.01 0.11
Cor.ltrol No Yes No Yes No Yes
variables
Socioeconomic
Characteristic i X ) X ) x
Health Status - X - X - X
Family Back-
X - X - X

ground factors

Significant at *10%, **5%, and ***1% level. Robust standard errors are in the parentheses. Total steps and
aerobic steps are transformed with natural logs. Added control variables: the vector of socioeconomic
characteristics (neighborhood, marital status, number of children, years of education, work status, and
physical workload), health status (self-reported number of diseases and BMI) observed in 2007, and family
background factors (parental education and parental physical activity) observed in 1980.

The results in case of the self-reported physical activity were consistent with the
previous literature, which has suggested income as a determinant of physical
activity, and that the association between the variables is positive (Brown and
Roberts, 2011; Farrell and Shields, 2002; Humphreys and Ruseski, 2007; Eberth
and Smith, 2010; Meltzer and Jena, 2010; Cauley et al., 1991). In agreement with
our results, Brown and Roberts (2011) showed that the magnitude of income
was similar among women and men. Eberth and Smith (2010), in turn, showed
that the magnitude of household income was slightly higher among men,
whereas in studies conducted by Farrell and Shields (2002), Humphreys and
Ruseski (2007), and Meltzer and Jena (2010), gender differences were not ana-
lyzed. In addition, the OLS results were in line with the study by Brown and
Roberts (2011), which reported a relatively small association between income
and participation in physical activity. According to the present study, one-unit
higher income was associated with a 0.09-0.11 higher mean PAI value. The es-
timates implied that the difference between the mean PAI in the lowest (< €5000)
and in the highest (> €60000) income categories was 1.08 to 1.32 units, depend-
ing on the model specifications. The explanatory power (R?) of the models var-
ied between 0.01 and 0.16. This implies that although the results demonstrated
an association between income and physical activity, in overall, the magnitude
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of income in predicting physical activity is relatively modest. Nevertheless, the
results were in line with the previous literature; see, for example, studies by
Eberth and Smith (2010), R2 = 0.07 and Humphreys and Ruseski (2007), where
the R? varied between 0.04 and 0.09.

The pedometer-based results were less clear-cut in men. Limitations relat-
ed to pedometer-based measurements are known, and part of the inconsistency
between the self-reported and objectively measured results may be due to the
pedometer method itself. Although pedometers are a relatively simple and af-
fordable method for measuring physical activity (Tudor-Locke et al., 2002), they
are not designed to distinguish the intensity of physical activity. However, be-
cause steps were divided into total steps per day and aerobic steps per day from
which aerobic steps reflected continuous walking that lasted for more than 10
min at a pace of 60 steps/min, we may assume that aerobic steps represents a
more intense exercise type of physical activity than total steps. In addition, pe-
dometers are not sensitive to non-ambulatory activities such as swimming, gym
workouts, cycling, or similar activities. As shown in Table 1, the type of physi-
cal activity may also be gender-specific; that is, women and men may prefer
different types of physical activity. Therefore, one possible explanation for the
inconsistent results may be the type of physical activity itself. For example,
Finnish women typically participate more often in walking, cycling, and aero-
bics/gymnastics, whereas men participate more often in running, ball games,
and gym training (Tammelin et al., 2003). Finally, men and women may also
under- or overestimate their self-reported levels of physical activity (Sebastiao
et al.,, 2012), which, may be related to health-enhancing awareness (van Sluijs et
al., 2007). Therefore, the mismatch between the self-reported and the pedome-
ter-based results may reflect a possible exaggeration of the self-reported meas-
urements.

5.3.4 Sensitivity analysis

The OLS results suggested that the estimate of the association between physical
activity and income did not suffer from omitted variable bias: The inclusion of a
comprehensive set of control variables kept the income estimate by and large
intact. However, there are other issues that may bias the results and tamper our
conclusions. First, the association between income and physical activity might
be spurious, and stemmed from unobserved factors that correlate with income
and physical activity. An individual’s personality and ability are such factors.
However, these variables are hard to come by, and typically, unobserved heter-
ogeneity is accounted for by using panel data and fixed-effects models. In our
case, the individual income measures obtained in 2007 and 2011 were based on
different categorization, and therefore ruined the possibility of using fixed ef-
fects-models. Second, the findings may be biased by reverse causality. As sev-
eral earlier studies have shown, physical activity has a positive impact on labor
market returns. According to Long and Caudill (1991), Ewing (1998), and Ste-
venson (2010), the labor market returns of former high school athletes were
higher than those of their non-athlete counterparts. Similarly, Kosteas (2012)
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showed that frequent exercise was associated with a 6% to 10% increase in
wages, and Lechner (2009) and Hyytinen and Lahtonen (2013) reported positive
long-term labor market effects in terms of monthly earnings and hourly wages.
Therefore, if physical activity is a determinant of income, then estimates might
reflect two-way causality, the impact running from physical activity to income.
Third, the variables obtained with a self-reported questionnaire may contain
errors that bias the coefficients (Sebastiao et al., 2012).

The consistency of the OLS results was tested several ways. First, we used
register-based earnings from Statistics Finland, to scrutinize the potential mis-
classification in self-reported income. Second, we used the instrumental varia-
ble (IV) approach to alleviate possible omitted variable bias and measurement
error. Finally, the pedometer-based physical activity was divided according to
the measurement day. This enabled us to test the possible role of time constraint;
that is, we examined whether the association varied according to the day physi-
cal activity was measured.

To alleviate possible misclassification in the self-reported income
measures, the physical activity details from the YFS were combined with the
register-based Finnish Longitudinal Employer-Employee Data (FLEED) from
Statistics Finland. The FLEED records detailed information on labor market var-
iables over the period from 1990 to 2010. The link was based on unique personal
identifiers and therefore avoided problems created by errors in record linkages
(Ridder and Moffitt, 2007). In the combined data, YFS + FLEED, income re-
ferred to the average of the annual wages and salaries in 2010, where the mean
income was €22504 among women, and €27617 among men (P < 0.001). In order
to ensure the comparison between the register-based and self-reported income
measures, the register-based income details were divided into 13 categories (see
footnote c in Table 1). Moreover, only the baseline models (in correspondence to
Table 4, Model 1) were formulated. One general advantage in the combined
data was that income details were obtained for each participant with physical
activity details (N = 1155) and therefore did not contain missing information.

As a result (Table 5), the estimates were consistent with the corresponding
baseline results (see Table 4, Model 1). Among women, the association between
income and physical activity was positive despite of the measurement type of
physical activity. Amon men, as before, the sign and the significance of the as-
sociation varied according to the measurement type of physical activity. In
overall, the estimates were smaller than the corresponding baseline results ob-
tained with the self-reported income measures.
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TABLE5 Regression of the register-based income and physical activity measures in
women (N = 715) and men (N = 440).

Self-reported Physi- Pedometer-based Physical Activity
cal Activity
Physical Activity Total Steps Aerobic Steps
Index (PAI)
Women
Income 0.08*+* 0.01* 0.04***
(0.024) (0.005) (0.013)
R2 0.01 0.01 0.02
Men
Income 0.06** -0.01** -0.002
(0.026) (0.006) (0.015)
R? 0.02 0.02 0.01

Significant at *10%, **5%, and ***1% level. Robust standard errors are in the parentheses. Total steps and
aerobic steps are transformed with natural logs. Income information based on FLEED from Statistics Fin-
land. The income referred to the average of the annual wages and salaries in 2010 and was divided into 13
categories (see footnote c in Table 1).

The results from the combined data provided evidence that the self-reported
income measure did not suffer errors created by misclassification. However, to
alleviate the possible measurement error in other variables, omitted variable
bias, and test the robustness of the OLS results, we employed the IV estimation
method (Kuehnle, 2014). The IV approach exploits the variation in income gen-
erated by a factor that, holding other things constant, affects only physical activ-
ity through income. The model requires two conditions to hold. First, the in-
strument needs to correlate with the income, and second, the instruments
should be uncorrelated with the error term of the Eq. (1). Our data included two
possible instruments: income measured in 2007 and household income meas-
ured in the baseline year 1980.

In general, the IV results (Table 6) were consistent with the baseline OLS
results suggesting a positive and statistically significant association between
income and self-reported physical activity for both genders. However, the IV
estimates for the self-reported physical activity were slightly larger than the
corresponding OLS estimates. This suggests that the observed association be-
tween income and physical activity is not driven by omitted variables such as
personality, ability, and unobserved family background factors (Angrist and
Pischke, 2009). In the case of pedometer-based measurements, only the uncon-
ditioned baseline specification (Model 1) suggested a statistically significant,
and negative, association between income and total steps in men. Among wom-
en, in line with the OLS results, higher income was associated with an increas-
ing number of aerobic steps.
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TABLE 6 IV approach, study sample (N = 753), women (N = 479), men (N = 274).

Self-reported Pedometer-based
physical activity physical activity
Physical activity Total steps Aerobic steps
index
Model Model Model Model Model Model
1 2 1 2 1 2

Women
Income 0.15%** 0.14*** 0.01 0.01 0.07%** 0.06**

(0.041) (0.050) (0.008) (0.010) (0.021) (0.025)
Summary of the first-stage statistics
Sargan statistic 0.12 0.05 1.61 0.30 1.21 0.03
p-value 0.725 0.826 0.205 0.583 0.271 0.867
First-stage F 166.07 102.45 166.07 102.45 166.07 102.45
Men
Income 0.12%** 0.12** -0.03*** -0.01 -0.01 -0.02

(0.042) (0.062) (0.008) (0.011) (0.024) (0.033)
Summary of the first-stage statistics
Sargan statistic ~ 4.85** 0.66 2.04 1.79 4.67% 1.39
p-value 0.028 0.418 0.153 0.181 0.031 0.238
First-stage F 287.28 170.18 287.28 170.18 287.28 170.18

Significant at *10%, **5%, and ***1% level. Heteroskedasticity-robust standard errors are shown in the
parentheses. Total steps and aerobic steps are transformed with natural logs. Two model specifications,
one without control variables, excluding age (Model 1), and one with full set of control variables (Model 2).
Added control variables: the vector of socioeconomic characteristics and health status observed in 2007,
and family background factors observed in 1980. Instruments used: Income, obtained in 2007 and house-
hold income obtained in 1980. Because the Sargan test is not available with cluster robust standard errors,
the test was executed with non-robust errors. Thus, the results should be treated with a care.

The pedometer-based results indicated that the relationship between income
and physical activity may be more complex than previous studies, which have
used only self-reported measures of physical activity, have suggested (Angrave
et al., 2015). According to the Special Eurobarometer on Sport and Physical Ac-
tivity (2014), lack of time has been reported as the main barrier to physical ac-
tivity among Finnish adults (32%). In addition, Meltzer and Jena (2010) specu-
lated the role of time as an important determinant of exercise patterns. Similarly,
in the present study, the negative sign of income in men suggests that there
may be a trade-off between work and physical activity. The time constraint may
be more important than the budget constraint. Men with higher income had
more self-reported physical activity during leisure time, but fewer daily total
steps and continuous (>10 min) physical activity (aerobic steps) compared to
those with lower income.

To test the role of time constraint, the baseline models were extended by
dividing the pedometer-based physical activity on weekdays and weekends,
assuming that on weekends working individuals may have more time to spend
on physical activities. The results are presented in Table 7. The findings con-
firmed our previous results with some interesting details. Among women, in-
come was positively associated only with the total steps measured during the
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weekend. Having a one-unit higher income level was associated with approxi-
mately 2% more total steps during the weekend. Income, in turn, was positively
associated with aerobic steps, despite the measurement day, such that having a
one-unit higher income level was associated with approximately 4-8% more
aerobic steps. Among men, income was negatively associated only with aerobic
steps measured on weekdays. In more detail, having a one-unit higher income
level was associated with approximately 5% fewer aerobic steps on weekday.

TABLE7 Regression of the pedometer-based physical divided into weekdays and week-
end days, study sample (N = 753), women (N = 479), men (N = 274).

Total Steps Aerobic Steps
Weekday Weekend day Weekday Weekend day
Women
Income 0.01 0.02** 0.04** 0.05%**
(0.007 (0.010) (0.018) (0.017)
R2 0.01 0.01 0.01 0.03
Men
Income -0.02 -0.01 -0.05** -0.01
(0.010) (0.011) (0.024) (0.024)
R?2 0.04 0.01 0.03 0.01

Significant at *10%, **5%, and ***1% level. Robust standard errors are in the parentheses. Total steps and
Aerobic steps are transformed with natural logs. Added control variables: the vector of socioeconomic
characteristics and health status observed in 2007, and family background factors observed in 1980.

5.3.5 Summary of the results

The results provided evidence about the relationship between income and
physical activity. In the case of self-reported measures, the association was posi-
tive despite the model specifications and the inclusion of control variables. The
pedometer-based results, in turn, were gender-specific and depended on the
measurement type of physical activity and the day physical activity was meas-
ured.

The results suggest a possible role for time constraint. This was particular-
ly marked in case of pedometer-based results when the steps were divided into
weekdays and weekends. Among women, income was positively associated
with the total steps measured during the weekend, and among men income was
negatively associated with the aerobic steps measured on weekdays. Therefore,
among men, higher incomes may increase the opportunity costs of leisure time
and, as a result, reduce the time spent on such activities, that is, the time con-
straint becomes more important than the budget constraint. However, to con-
firm this, more research is needed. Therefore, for future research, it would be
valuable to divide daily physical activity into leisure time, occupational, and
commuting physical activity. Moreover, analysis consisting of the types of
physical activity, measured with self-reported and objective measures, would
extend the current knowledge about the association between income and physi-
cal activity. Are there types of physical activity preferred by individuals with
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lower/higher income? Is this association gender-specific? Then the interplay
between the opportunity costs and income effects could be explored in more
detail. This information would also be useful to employers when they target
workplace physical activity programs for workers with limited leisure-time re-
sources. Furthermore, this information would benefit policy makers in order to
implement effective methods for increasing overall daily physical activity for
individuals with different socioeconomic backgrounds.

5.4 Conclusion

The study examined the associations between income and physical activity
among Finnish adults. The study extended the previous literature by including
self-reported and pedometer-based physical activity in the analysis. Two main
findings emerged from the results. First, higher income was associated with
higher self-reported leisure-time physical activity for women and men. The re-
sults were robust to the inclusion of control variables, as well as the use of a
register-based income measure. Second, the pedometer-based results differed
by gender: The association was negative or non-existent for men and positive
for women. The study suggests that the measurement type of physical activity
should be taken into account when possible income effects of physical activity
are analyzed and further policy implications proposed.
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Appendix

S1 TABLE 1. Descriptive statistics of the Study Sample and the Full Sample.

Variable Study Sample Full Sample P-valuea
(N=753)
Women  Men Women Men Women  Men
Mean Mean Mean N Mean N
(SD) (SD) (SD) (SD)

Physical activity

Physical Activity ~— 9.36 8.98 9.11 1064 8.91 846 0.003 0.541

Index (PAI)P (1.77) (1.83) (1.87) (1.89)

Total Steps / Day 8865 8101 8318 887 7586 633 <0.001 0.003
(2811) (2874) (3007) (3044)

Aerobic Steps / 2789 2005 2247 887 1450 633 <0.001 <0.001

Day (2174) (2004) (2167) (1904)

Socioeconomic characteristics

Age 47.75 41.68 41.53 1832 41.36 1764 0.318 0.302
(4.98) (5.12) (4.99) (4.99)

Incomec 6.72 8.63 6.56 1067 8.36 874 0.183 0.147
(2.69) (3.10) (2.80) (3.15)

Education (years)  16.27 155 15.78 1226 14.84 998 0.001 0.001
(3.31) (3.33) (3.37) (3.56)

Work statusd 0.92 0.98 0.88 1226 0.96 1002 0.011 0.109
(0.28) (0.16) (0.32) (0.20)

Light sedentary 0.34 0.33 0.30 1226 0.28 1002 0.131 0.089

work (0.47) (0.47) (0.46) (0.45)

Heavy physical 0.01 0.02 0.01 1226 0.03 1002 0.808 0.018

work (0.07) (0.12) (0.07) (0.18)

Number of chil- 1.75 1.69 1.76 1228 1.68 987 0.397 0.708

dren (0.44) (0.46) (0.43) (0.47)

Married 0.79 0.83 0.77 1225 0.79 998 0.342 0.055
(0.41) (0.38) (0.42) (0.41)

Suburb 0.49 0.49 0.48 1218 0.47 995 0.678 0.402
(0.50) (0.50) (0.50) (0.50)

Health status

Number of dis- 1.13 0.85 1.18 1179 0.86 959 0.342 0.860

easese (1.23) (1.02) (1.31) (1.01)

Body Mass Index ~ 24.76 26.17 25.38 1183 26.75 987 0.002 0.016
(4.42) (3.96) (5.06) (4.24)

Family background factors

Education (years)  10.06 10.27 9.94 1774 10.04 1705 0.371 0.602

Mother (3.05) (3.31) (3.13) (3.28)

Education (years)  9.90 9.88 9.71 1600 9.78 1507 0.273 0.824

Father (3.81) (3.79) (3.65) (3.66)

Physical activity 1.67 1.62 1.64 1780 1.65 1700 0.630 0.817

Motherf (1.51) (1.48) (1.47) (1.49)

Physical activity 1.88 1.81 1.86 1601 1.81 1518 0.725 0.979

Fatherf (1.70) (1.51) (1.67) (1.63)

aP-values for the differences between the study sample and the full sample (T-test).® Physical Activity Index (PAI),
ranging from 5 to 15, is a summary of five variables that illustrates the frequency and the intensity of physical activity,
the average duration of physical activity session, the frequency of moderate to vigorous physical activity sessions, and
participation in organized sports during leisure time. < Income categories: 1 = < €5000, 2 = €5000-10000, 3 = €10001-

15000, 4 = €15001-20000, 5 = €20001-25000, 6 = €25001-30000, 7 = €30001-35000, 8 = €35001-40000 9 = €40001-45000, 10

= €45001-50000, 11 = €50001-55000, 12 = €55001-60000, 1 3= > €60000. ¢ Dummy-variable which gets value 1 if working,
and value 0 if not working. ¢Self-reported number of diseases. fSelf-reported parental physical activity obtained in 1980.
The question contained the frequency of physical activity (1= Never, 2 =Once a month, 3 = 2-3 times/month , 4 = Once a
week , 5 = 2-6 times/week 6 = Daily).
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YHTEENVETO (FINNISH SUMMARY)

Liikunta eldmidnkulussa ja tyomarkkinatulemat

Téssd tutkimuksessa tarkastellaan litkunta-aktiivisuuden, koulutuksen ja tyo-
urien valisid yhteyksid elaménkulun eri vaiheissa. Tutkimus koostuu johdanto-
luvusta ja neljastd osajulkaisusta. Kolmessa ensimmadisessd tutkimuksessa tar-
kastellaan, miten lapsuuden ja nuoruuden liikunta-aktiivisuus on yhteydessa
koulumenestykseen peruskoulun péaéttyessa sekd koulutustasoon, ansiotuloihin,
tyollisyyteen ja tyottomyyteen aikuisuudessa. Neljannessd osajulkaisussa tar-
kastellaan ansiotulojen ja aikuisuuden liikunta-aktiivisuuden viélisid yhteyksia.
Osajulkaisuja edeltdd johdantoluku, jossa maddritelldan liikunta-aktiivisuus-
kasite, esitellddn lyhyesti taloustieteellinen teoriatausta liikuntaan valikoitumi-
sen taustalta ja kootaan yhteen aikaisempi tutkimuskirjallisuus koskien liikun-
nan, koulutuksen ja tydurien vilisid yhteyksid. Johdantoluvun loppuosa esitte-
lee tutkimuskysymykset ja tutkimuksen padtulokset.

Tutkimusaineistona kaytettiin Lasten Sepelvaltimotaudin Riskitekijat
(LASERI) -pitkittdistutkimusta yhdistettynd Tilastokeskuksen yhdistettyyn
tyontekijé-tyonantaja-aineistoon (FLEED). LASERI-tutkimus kdynnistyi vuon-
na 1980, jolloin yli 3 500 lasta ja nuorta kuudesta ikédkohortista (3, 6, 9, 12, 15 ja
18 vuotta) eri puolilta Suomea osallistui ensimmaiseen kenttdtutkimukseen.
Taman jalkeen tutkimushenkiloitd on seurattu yli 30 vuoden ajan. Viimeisin
kenttatutkimus toteutettiin vuosina 2010-2012. Rekisteripohjainen FLEED sisél-
tad tietoja yksilon koulutus- ja tyourien kehityksestd. Tassa vditostutkimuksessa
FLEED:in tietoja hyddynnettiin vuosilta 1997-2010.

Luvussa 2 tarkastellaan, miten nuoruuden litkunta-aktiivisuus on yhtey-
dessd koulutukseen elaméankulun eri vaiheissa. Tutkimuksessa hyddynnetaan
12- ja 15-vuotiaana mitattuja liikuntatietoja: vapaa-ajan liikunta-aktiivisuus
koulutuntien ulkopuolella, osallistuminen urheiluseuran harjoituksiin, osallis-
tuminen urheilukilpailuihin sekd muutos liikunta-aktiivisuudessa 12 ja 15 ika-
vuoden vililld. Koulutustietojen osalta hyodynnetdédn itseraportoitua koulukes-
kiarvoa 15-vuotiaana sekd rekisteripohjaista tietoa koulutusvuosien méadrasta
aikuisuudessa. Tulosten mukaan nuoruuden liikunta-aktiivisuus, niin liikunta-
aktiivisuus 15-vuotiaana kuin muutos liikunta-aktiivisuudessa 12-vuotiaasta
15-vuotiaaksi, ovat positiivisesti yhteydessd sekd koulutodistuksen kaikkien
aineiden keskiarvoon peruskoulun pdittyessd ettd koulutusvuosien méddrdaan
aikuisuudessa.

Luvussa 3 tarkastellaan lapsuuden liikunta-aktiivisuuden yhteytta pitkan
aikavélin ansiotuloihin. Tutkimuksessa vapaa-ajan liikunta-aktiivisuus on mi-
tattu 9-, 12- ja 15-vuotiaana ja FLEEDin ansiotulotiedoista hyddynnetddn vuosia
2000-2010. Tulosten mukaan liikunta-aktiivisuus on yhteydessd korkeampiin
ansiotuloihin aikuisuudessa. Yhteys on nédhtédvissd erityisesti pojilla. Kun muun
muassa perheen tulotaso, vanhempien koulutus ja vanhempien liikunta-
aktiivisuus on huomioitu, lapsuuden liikunta-aktiivisuus on yhteydessa keski-
maédrin 10-20 % korkeampiin ansiotuloihin aikuisuudessa.
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Luvussa 4 tarkastellaan, onko lapsuuden litkunta-aktiivisuus yhteydessd
pitkdan aikavilin tyomarkkinoille kiinnittymiseen. Lapsuuden liikuntaa kuvaa
kaksi muuttujaa: vapaa-ajan liikunta-aktiivisuus 9- ja 15-vuotiaana sekd muutos
litkkunta-aktiivisuudessa 9-vuotiaasta 15-vuotiaaksi. Tutkittavat on ryhmitelty
viiteen luokkaan: paljon liikkuva (12 %), liikunta lisdéntyy (22 %), keskiverto-
liikkkuja (17 %), liikunta vdhenee (33 %) ja vdhdn liikkuva (16 %). Tyomarkki-
noille kiinnittymistd vuosina 1997-2010 kuvataan kolmella muuttujalla: tyollis-
tymisen todenndkoisyys, keskimédardiset tyollisyyskuukaudet ja keskimaardiset
tyottomyyskuukaudet. Tulosten perusteella lapsuuden liikunta-aktiivisuus on
yhteydessd parempaan tyomarkkinoille kiinnittymiseen. Tama ilmenee positii-
visena yhteytend sekd liikunta-aktiivisuuden ja tyollistymisen todenndkoisyy-
den ettd liikunta-aktiivisuuden ja keskimédardisten tyollisyyskuukausien valilld,
ja negatiivisena yhteytend liikunta-aktiivisuuden ja keskimddrdisten tyotto-
myyskuukausien valilld. Kun tarkastellaan muutosta liikunta-aktiivisuudessa 9-
vuotiaasta 15-vuotiaaksi, paljon liikkuvilla on tulosten perusteella parempi
tyomarkkinoille kiinnittyminen verrattuna muihin liikuntaryhmiin: paljon liik-
kuvilla on keskimddrin eniten tyollisyyskuukausia ja véhiten tydttomyyskuu-
kausia pitkélld aikavalilla.

Viimeisessd luvussa tarkastellaan ansiotulojen yhteyttd itseraportoituun ja
objektiivisesti (askelmittarilla) mitattuun liikunta-aktiivisuuteen aikuisuudessa.
LASERI-tutkimuksen kahdessa viimeisimmaéssd seurannassa, vuosina 2007 ja
2011, liikunta-aktiivisuutta on kyselyiden lisdksi mitattu askelmittarilla. Ansio-
tulotiedoista hyddynnetddn sekd itseraportoituja tulotietoja vuosilta 2007 ja
2011 ettda FLEEDin ansiotulotietoja vuodelta 2010. Tutkimuksessa havaitaan,
ettd ansiotulojen ja itseraportoidun liikunnan vélinen yhteys on positiivinen
sekd miehilld ettd naisilla: mitd korkeammat ansiotulot, sitd enemmaén miehet ja
naiset raportoivat harrastavansa liikuntaa. Tulos ei kuitenkaan ole yksiselittei-
nen, kun kaytetdaan askelmittarilla mitattua liikunnan maaraa. Naisilla ansiotu-
lojen ja askelmittarilla mitatun liikunnan vélinen yhteys on positiivinen, mutta
miehilld yhteys on joko negatiivinen tai sit4 ei ole havaittavissa.
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