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Abstract

There is strong scientific evidence that high level of physical activity enhances human
health and well-being as well as the economy of the society. It is very important to
understand the underlying factors affecting the individuals’ exercise decisions to be able
to design effective mechanisms, interventions and incentives to increase daily physical
activity. This empirical study examines the relationship between personal economic
success, i.e. self-reported annual income and assets, and leisure time physical activity by
using modified physical activity index, mPAI, self-reported frequencies of participation in
light and brisk exercise and self-reported time used for light and brisk exercise. The study
population consists of Northern Finland 1966 Birth Cohort members aged of 45-46 years
(N = 7071, 3267 men, 3804 women). Ordinary least squares models are used to evaluate
the associations between personal economic success and leisure time physical activity.
The results indicate that individuals with higher income and assets seem to have higher
physical activity, and women with highest and men with 2nd highest quartile of assets
seem to use more time in brisk physical activity than others, but after adjusting with
potential confounding factors higher self-reported income associates with higher physical
activity measured by modified physical activity index, mPAI, in men (p=0.04), higher
self-reported assets associates negatively with time used in light physical activity in men
(p=0.008) and positively with frequency of brisk physical activity (p=0.04) and time spent
in brisk physical activity (p=0.048) in women. Although the results demonstrate an
association between income, assets and some physical activity outcomes, in overall, the
magnitude of personal economic success in predicting physical activity is relatively
modest (R2 = 0.004-0.15).
Personal economic factors seem to have an important role in physical activity decisions.
According to this study the impact of income and assets to physical activity seems to be
gender specific. These underlying personal economic factors affecting the individuals’
exercise decisions need to be noted in aiming to design effective mechanisms and
interventions for health promotion by increasing daily physical activity.
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1

INTRODUCTION

There is strong scientific evidence that high level of physical activity enhances
human health (Colditz & Graham 1999, Hu, Tuomilehti, Silventoinen, Barengo &
Jousilahti 2004, Geleijnse, Grobbee & Kok 2005, Physical Activity Guidelines
Advisory Committee Report 2008, Yang, Telama, Hirvensalo, Mattsson, Viikari &
Raitakari 2008, Lechner 2009, Lee, Shiroma, Lobelo, Puska, Blair & Katzmarzyk
2012, Silverman & Deuster 2014, Ruiz, Cavero-Redondo, Ortega, Welk, Andersen &
Matrinez-Vicaino 2016) and well-being (Colditz & Graham 1999, Physical Activity
Guidelines Advisory Committee Report 2008, Lechner 2009, Lee et al 2012, Ruiz et
al 2016) as well as the economy of the society (Colditz & Graham 1999, Ding,
Lawson, Kolbe-Alexander, Finkelstein, Katzmarzyk, van Mechelen & Pratt 2016).
Despite that the positive effects of physical activity is commonly known, a
substantial part of the population is physically inactive (Lechner 2009). The one of
the most commonly reported barriers to regular exercise is the lack of time (King,
Castro, Wilcox, Eyler, Sallis & Brownson 2000).
An individual makes the decision to attend physical activity and via that takes part in
his own health production, but the society bears most of the economic burden of
consequences of those decisions. At society level physical inactivity generates
external costs to the taxpayers. Inactivity generates negative externalities because
physically inactive individuals tend to be sicker (Wikström, Lindström, Harald,
Peltonen & Laatikainen 2015), need more hospital care (Haapanen-Niemi,
Miilunpalo, Vuori, Pasanen & Oja 1999) and generate higher total health care costs
(Colditz & Graham 1999, Cawley 2004, Ding et al 2016, Min & Min 2016) than
physically active. Physical inactivity also decreases productivity (Ding et al 2016)
for example by increasing mortality (Haapanen-Niemi, Miilunpalo, Pasanen, Vuori,
Oja & Malmberg 2000). On the other hand, if physically inactive individuals die
younger than active ones, inactivity generates positive externalities because those
who have been inactive do not have possibility collect their full share on pension
benefits (Cawley 2004).
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Within medicine there seems to be an assumption that optimal health is the ground of
the welfare and people are drifting to sedentary leisure because they are not able to
act in their own best interests. Economics offers different and interesting insight into
factors behind physical activity decisions. Economics studies the underlying
phenomena about how individuals do their decisions of allocation of limited
resources of money and time between work and leisure, including physical activity.
Economics assumes that individuals really act in their own best interests in order to
maximize their welfare, but welfare consists of many factors and health is only one
of them and individuals may instead of health promoting actions choose other factors
that they value more in seeking to maximize their welfare and happiness. (Cawley
2004)
Possible strategies for promoting physical activity are for example accurate and
objective

information

(Cawley

2004,

Humphreys

&

Ruseski

2011),

recommendations, instructions, interventions and incentives (Humphreys & Ruseski
2011). Public health sector and medicine are trying to find methods to change
people´s behavior and preferences in order to increase physical activity but
economics favor changing incentives and prices in order to aim the same goal
(Cawley 2004). Same methods may not be effective for the whole population, instead
it seems that there is need for different methods for different individuals. It is very
important to recognize the factors that affect the individuals’ decisions concerning
the level of physical activity for manage to promote physical activity successfully
and effectively. (Humphreys & Ruseski 2011)
Based on previous studies, there seems to be association between physical activity
and age (Lechner 2009, Meltzer & Jena 2010, Humphreys & Ruseski 2011), gender
(Meltzer & Jena 2010, Humphreys & Ruseski 2011), family status (Lechner 2009,
Humphreys & Ruseski 2011), and socioeconomic status (Lechner 2009, Meltzer &
Jena 2010, Kosteas 2012, Eime, Charity, Harvey & Payne 2015). Especially the level
of education (Meltzer & Jena 2010), and income (Humphreys & Ruseski 2006,
Lechner 2009, Meltzer & Jena 2010, Humphreys & Ruseski 2011, Kosteas 2012,
Eime et al 2015, Kari, Pehkonen, Hirvensalo, Yang, Hutri-Kähönen, Raitakari &
Tammelin 2015) have been reported to affect positively to physical activity.
Economic factors that increase the participation to physical activity may decrease the
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time spent in physical activity (Humphreys & Ruseski 2006). At the same time when
higher income gives more possibilities to participate physical activity and sports, it
increases the opportunity cost of leisure time (Gronau 1977). Higher individual
income has been suggested to reduce the time spent on physical activity (Humphreys
& Ruseski 2011) and higher family income has been suggested to increase intensity
and time spent in exercising (Meltzer & Jena 2010).
The factors that affect the individuals’ decisions concerning the level of physical
activity may differ between individuals and because of that, individuals may respond
differently to physical activity promoting strategies. Those differences need to be
taken account when policymakers aim effort and resources for seeking physical
activity increase. (Humphreys & Ruseski 2011) One of those factors that create
differences between individuals´ physical activity behavior decisions seems to be
personal economic characteristics (Humphreys & Ruseski 2006, Lechner 2009,
Meltzer & Jena 2010, Humphreys & Ruseski 2011, Kosteas 2012, Eime et al 2015,
Kari et al 2015).
In this study we examine associations between personal economic success and
physical activity. The theoretical part of the study presents the economic model of
physical activity. In empirical study we examine associations between income and
assets reflecting personal economic success and physical activity in adulthood in
Northern Finland 1966 Birth Cohort population by using self-reported, as mostly
have been done in previous studies, participation to physical activity and selfreported income and assets. Our data consists of 7071 45-46 years old Northern
origin Finns (3276 men and 3804 women). Our data is about 10 times bigger than the
previous Finnish study concerning the same field (Kari et al 2015). Population based
study includes all living situations, all health statuses, both public and private sector
jobs and all industry sectors, unlike previous random sample studies like the study of
Kari et al (2015). First we calculate descriptive statistics of the study population.
After that we compare the means of self-reported physical activity outcomes between
equivalence income and equivalence assets quartiles. Then we test associations
between physical activity and personal economic success by calculating ordinary
least squares regressions, OLS. Three analyses are carried out for total population
and fo both genders separately, one with and one without adjustments for potential
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confounding factors. Eventually we adjust the statistically significant results for
potential confounding factors.
The main results of this study indicate that after adjusting with potential confounding
factors higher income is associated with higher physical activity measured by
modified physical activity index mPAI in men (p=0.04), higher equivalence assets
are negatively associated with time used in light physical activity in men (p=0.04)
and positively with frequency of brisk physical activity (p=0.04) and time spent in
brisk physical activity (p=0.048) in women. The magnitude of in this study used
model in predicting mPAI is relatively good (R2=0.15), but the magnitude of in this
study used model predicting frequency of and time spent in physical activity is
relatively modest (R2 varies between 0.004-0.007). According to this study the
impact of income and assets to physical activity seems to be gender specific.
In the next chapter we present the aim of this study. The third chapter contains
conclusions of previous literature and the previous studies related to the research
field. In the fourth chapter we present the study materials and econometric methods
of this study. The fifth chapter contains the results and the next sixth chapter analysis
and discussion of the results. The last chapter summarizes the main themes and
results of this study.
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2

2.1

LITERATURE REVIEW AND AIM OF THE STUDY

The importance and affecting factors of physical activity

Physical activity is defined by World Health Organization, WHO, (2016) as energy
expenditure requiring movement of body produced by skeletal muscles. High
physical activity is known to have very widespread positive effects on human
physical (Colditz & Graham 1999, Hu et al 2004, Geleijnse et al 2005, Physical
Activity Guidelines Advisory Committee Report 2008, Yang et al 2008, Lechner
2009, Lee et al 2012, Ruiz et al 2016) and mental health (Physical Activity
Guidelines Advisory Committee Report 2008, Silverman & Deuster 2014) and
holistic well-being (Colditz & Graham 1999, Physical Activity Guidelines Advisory
Committee Report 2008, Lechner 2009, Lee et al 2012, Ruiz et al 2016). High
physical activity prevents many chronic illnesses, and exercising can also be used as
a one of the methods in caring of them. For enhance health recommended amount of
physical activity for adults is at least 30 minutes of moderate physical activity daily
or most of the days per week (Pate, Ptatt, Blair, Haskell, Macera, Bouchard,
Buchner, Ettinger, Heath & King 1995).
In addition, regular physical activity has positive effects on the economic affairs of
the society. At society level physical inactivity causes economic burden by rising
multimorbidity (Wikström et al 2015), mortality (Haapanen-Niemi et al 2000) and
health care costs (Colditz & Graham 1999, Ding et al 2016, Min & Min 2016).
Colditz and Graham (1999) estimated that lack of physical activity causes total of
24.3 billion USD direct health care costs per year in United States, that is
approximately 2.4% of all health care costs of U.S.. In 2005-2010 total
medical costs (including costs of inpatient, outpatient, and prescriptions) of
physically inactive Korean was estimated to be 11.7% higher compared to physically
active individuals (Min & Min 2016). Globally physical inactivity was estimated to
cause 53.8 billion USD health care costs and in addition physical inactivity related
deaths to cause 13.7 billion USD decrease in productivity in 2013 (Ding et al 2016).
In 16 years follow-up of 19-63 years old Finnish cohort population physically
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inactive men has reported to have 36% more and physically inactive Finnish women
23% more hospital days than physically active (Haapanen-Niemi et al 1999)
Despite all the evidence of positive effects of physical activity, a substantial part of
the population is physically inactive (Lechner 2009). For example, 40% of 18-45
years aged German women and 37% of 18-45 years aged German men (Lechner
2009), 42% of 18-70 years aged Swedish (Bonn, Alfredsson, Saevarsdottir & Schelin
2016), 43% of 25-54 years old employed Americans (Humphreys & Ruseski 2011),
68% of Americans older than 18 years (Martin, Morow, Jackson & Dunn 2000), 3070% of Iranian population (Fakhrzadeh, Djalalinia, Mirarefin, Arefirad, Asayesh,
Safiri, Samami, Mansourian, Shamsizadeh & Qorbani 2016) and 41% of Finnish
adult population (Geleijnse et al 2005) has been reported to be physically inactive. In
light of this information it is clear that recommendations for regular exercising based
on evidence of positive effect of physical activity are not well embraced. The most
common factor that prevents regular exercising has reported to be lack of time (King
et al 2000).
Based on previous data, physical activity has reported to associate with example by
age (Humphreys & Ruseski 2006, Lechner 2009, Meltzer & Jena 2010, Humphreys
& Ruseski 2011), gender (Meltzer & Jena 2010, Humphreys & Ruseski 2011, Kari et
al 2016), marital status (Lechner 2009, Humphreys & Ruseski 2011), having children
(Humphreys & Ruseski 2006, Lechner 2009, Humphreys & Ruseski 2011),
race/ethnicity (Humphreys & Ruseski 2011), health status (Humphreys & Ruseski
2006), availability of sport facilities (Humphreys & Ruseski 2006) and
socioeconomic status (Humphreys & Ruseski 2006, Lechner 2009, Meltzer & Jena
2010, Humphreys & Ruseski 2011, Kosteas 2012, Eime et al 2015). Physical activity
has reported to decrease with lower education (Meltzer & Jena 2010) and increase
with higher socioeconomic well-being (Lechner 2009, Meltzer & Jena 2010, Eime et
al 2015). Controversially Eime et al (2015) reported that in Australia low
socioeconomic status increase participation in team sports.
Considering that a substantial part of the population favors sedentary leisure time
despite all the strong evidence of positive effects of physical activity on physical and
mental health, within medicine there seems to be a trend to equal welfare to health
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and to assume that individuals do not recognize their best preferences and are not
able to act in their own best interest. Instead of that, economics assumes that
individuals really recognize and act in their own best interests in order to maximize
their welfare, but health is only one valuable component of those that define welfare.
Economics suggests that individuals may rationally decide to participate in time uses
that decrease health if those increase enjoyment or happiness i.e. to sacrifice health
for other things they value. (Cawley 2004)

2.2

Economic approach to physical activity behavior

Economics offers interesting possibility to study physical activity behaviors from
time allocation perspective by studying how individuals allocate limited financial
and time resources in order to maximize their welfare (Becker 1965). Physical
activity behavior has been described in economics with models based on Becker´s
household production model (Becker 1965), Grossman´s health production model
(Grossman 1972) and Cawley´s SLOTH-framework (Cawley 2004). Within
economics the health production of an individual can be seen inside the whole
welfare as combination of time and market goods that is affected by valuing different
factors and weighing the utility benefits of the decisions against the utility i.e.
welfare, happiness or enjoyment losses or benefits. Preferences affecting time
allocation decisions differ across individuals. Economics admits that individual will
exercise only if it is the best use of his limited time resource in order to maximize the
welfare. (Cawley 2004)
According to the basic theories of microeconomics individuals aim to maximize
income and welfare to the time and budget constraints (Becker 1965). Efficient
working and earning require recovery and resting beside work so all the time is not
able to be used at work when aiming to maximize money income, so the role of the
leisure time is important (Becker 1965). According the theory of maximization of
utility given time and budget constraints, individual allocate the time between
different uses of time (Becker 1965) in order to maximize a given utility function of

12
wellbeing compromising the consumption of commodities and leisure (Gronau
1977).
The most commonly reported barrier to regular exercise is the lack of time (King et
al 2000). Exercising requires time and lack of time prevent regular exercising (King
et al 2000). The total time available is 24h/day (Becker 1965, Cawley 2004).
Individual has to decide to allocate limited time between work and leisure and inside
leisure between unpaid work at home and other leisure time activities including
physical activity (Becker 1965, Grossman 1972, Cawley 2004, Kosteas 2012).
Because time used for work reduces the time available for leisure including physical
activity (Becker 1965, Cawley 2004) the total time available for leisure including
physical activity depends on the individual´s employment status (Gronau 1977). On
the other hand, any time spent in physical activity or other leisure activities is time
not available for work (Humphreys & Ruseski 2006, Humphreys & Ruseski 2011).
Becker´s (1965) model of labor and leisure choice include assumption that
individuals derive satisfaction from consumption of basic commodities produced by
households using time and market commodities according to a production function.
Basic commodities are for example meals, clothes and participation in leisure time
activities like physical activity, television watching etc. According to Becker´s
(1965) model of time allocation the individual chooses to allocate the time in the
limit of total time available (24h/day) between productive (work) and non-productive
(investing in human capital like studying, and leisure time activities like sleeping,
dining, shopping, theatre, night-clubbing and sports etc.) uses of time. Productive
uses of time generate earnings and income that can be used for enable the nonproductive uses of time, consumption of goods and commodities and leisure time
activities. Time used for non-productive uses of time or consumption reduces the
time available for productive uses of time and causes forgone income which can be
called as a shadow price. Foregone income value per hour can be priced equal to
hourly earnings. In the reality the pricing is affected by other things than pure
earnings too. The cost of foregone time is less at times when individual´s workplace
is closed and for that kind of commodities that contribute the efficient working,
productive effort and earnings like recovery, sleeping, eating and relaxation. Total
price of leisure time activity is the sum of the forgone value of the time used and the
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money spent for the activity. The individuals´ choices are affected in addition to
earnings per hour for example by other money income (like pensions, capital,
government assistance programs), income taxation, market prices of different
commodities and goods, availability of commodities and leisure activities,
individual´s preferences and orientation (work-orientated / leisure oriented /
consumption orientated) and changes in previous mentioned factors. In richer
countries individuals tend to exchange money income for additional utility like
greater amount of psychic income, for example taking a pleasant job instead of a
better paid unpleasant job, allocating more time for leisure instead of working or
spending the money for that kind of consumption that generates joy. (Becker 1965)
Grossman (1972) constructed a health production model according to which health
determines the total amount of time available for productive work and leisure
activities, assuming healthy time as productive. According to Grossman´s model
health can be seen as a durable capital stock and individuals are involved in the
production of their own health, which is based on inherited initial stock of health.
According to Grossman health depreciates with aging at an increasing rate and can
be increased or decreased by investments like time allocation between work, physical
activity, recreation etc. or market goods like medical care, food, alcohol etc.
According to Grossman´s model the quantity of demanded health capital decline with
age and increase with higher education (education increases efficiency and
productivity) and higher wage (with higher wage the value of healthy time is higher).
(Grossman 1972)
Gronau (1977) expands the Becker´s model by separating unpaid work at home from
leisure time activities. He suggests time allocation decisions to be affected in
addition to wage rate and unearned income by employment status, marital status,
education, having children and decisions about how the family allocates their time
within the family and to differ between women and men. He also suggests that
changes in earnings effect differently to unpaid work at home than other leisure time
allocation decisions. According to him, the wage, specifically hourly earnings, has
different impact on time allocation decisions than other income: An increase in wage
reduces time used for work at home and leisure time activities, when an increase in
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unearned income increases time used for leisure, reduces time used for work in the
market but does not affect time used for unpaid work at home. (Gronau 1977)
The Cawley’s (2004) economic framework for health production and time allocation
indicate that involving in production of own health by combining time spent in
certain activities with market goods needed in those activities, individuals choose
how to allocate their time to maximize their utility (welfare, happiness) subject to
budget, time and biological constraints seeking the highest net benefit or utility.
Budget constraint consists of income, mostly earnings, time constraint consist of 24
hours / day and biological constraint consist of for example caloric intake and
expenditure. The Cawley´s SLOTH model of time allocation categorizes the ways
the individuals´ spend their time and consists the vectors of variables that represent
the time spent on sleeping (S), leisure (L) including physical activity, watching
television, playing computer games etc., paid work (O), transportations (T), and
unpaid home production (H). In addition to time allocation decisions individuals also
decide how to allocate their financial resources between goods like food, clothes,
cars, equipment needed when exercising etc., commodities like health care, theatre,
physical activity instructions or clubs etc. and savings. According to Cawley,
individuals´ decisions reflect both the immediate and future marginal costs like
money spent for time uses or commodities, forgone income, momentary discomfort
(sweating etc.) and morbidity increase and benefits like momentary pleasure,
enjoyment, health improvements and prolongation of life. (Cawley 2004).
Humphreys and Ruseski (2006, 2011) developed a consumer´s choice model of
participation and time spent in leisure physical activity by combining the SLOTH
framework (Cawley 2004) and key temporal elements of McConnel´s (1992)
recreation demand model. They incorporate that individuals have to do a two-part
decision of physical activity: a decision to participate in physical activity and a
decision to spend a certain amount of time in physical activity. They highlight the
importance of time constraint in the decision to participate in physical activity rather
than the tradeoff between uncertain future costs and benefits. They indicate that
income and opportunity cost of time have key roles on individual´s decisions and that
the wage rate equals the opportunity cost of engaging in activities other than work.
According to Humphreys and Ruseski individuals allocate their time to maximize
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their utility subject to budget, time and biological constraints and derive satisfaction
from the consumption of basic commodities, like physical activity and other leisure
activities. (Humphreys and Ruseski 2006, 2011)
Next we represent in detail the consumer´s choice model of participation and time
spent in leisure physical activity of Humphreys and Ruseski (2006, 2011). The
following is almost direct copy of the mathematical formula and its explanation of
Humphreys and Ruseski (2006, 2011) which cannot be altered due the exact nature
of mathematical science.
Time allocation function of the model of Humphreys and Ruseski is:
maxU(a,t, z),

(1)

where a = decision to participate to physical activity, t = time spent in physical
activity, and z = decision to engage in the other leisure time activities than physical
activity described in the SLOTH framework (Cawley 2004).
According to Humphreys and Ruseski (2006, 2011) individuals decide how to best
allocate their time and the bundle of goods and services to purchase subject to budget
and time constraints. The budget constraint is:

Y = Fa + ca at + c z z,

(2)

where Fa = fixed cost of engaging in physical activity (one-time or flat recurring cost
that individual incur to participate in physical activity, does not depend of how many
times participate to physical activity), ca = variable cost of engaging of physical
activity (depend of time spent and frequency of physical activity), a = participation
to physical activity, t = time spent in physical activity, cz = cost of all other goods and
services, and z = participation in the other leisure time activities than physical
activity.
The time constraint is:
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T * = at +z,

(3)

where T* = time available for non-productive activities (T* = T - h, where T = all the
time i.e. 24h/day, h = time spent at work), a = participation to physical activity, t =
time spent in physical activity,  = time spent in other leisure time activities than
physical activity, and z = participation in the other leisure time activities than
physical activity.
According to Humphreys and Ruseski (2006, 2011), if individual can choose the
amount of hours he works, then:
wh = w(T - at - z),

(4)

where w = wage, h= time spent working, T = all the available time i.e. 24h/day, a =
participation to physical activity, t = time spent in physical activity,  = time spent
in other leisure time activities than physical activity, and z = participation in the other
activities than physical activity.
The full budget constraint is:

y0 + w(T - T*) = Fa + pa at + p z z,

(5)

where y0 = exogenous income, w = wage, T = all time available, T* = time used in
non-productive activities, T – T * = time used for work, Fa = fixed cost of engaging in
physical activity, pa = ca + w i.e. the full cost of participating in physical activity, a =
participation to physical activity, t = time spent in physical activity, pz = cz +  w i.e.
the full cost of participating in other leisure time activities, and , z = participation in
the other leisure time activities than physical activity.
If all the available time is used for work, the full budget constraint is:

y0 + wT = Fa + pa at + p z z,

(6)
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where y0 = exogenous income, wT = potential income if all time available is used for
work, Fa = fixed cost of engaging in physical activity, pa = ca + w i.e. the full cost of
participating in physical activity, a = participation to physical activity, t = time spent
in physical activity, pz = cz +  w is the full cost of participating in other leisure time
activities, and z = participation in the other activities than physical activity.
According to Humphreys and Ruseski (2006, 2011) an individual chooses a, t and z
to maximize utility subject i.e. welfare to the full budget constraint. The Lagragian
for this problem is:

V = U(a,t, z) - (Fa + p a ·a · t + p z z - y),

(7)

where a = participation to physical activity, t = time spent in physical activity, z =
participation in the other activities than physical activity, Fa = fixed cost of engaging
in physical activity, pa = ca + w i.e. the full cost of participating in physical activity,
pz = cz +  w i.e. the full cost of participating in other activities, and y = Y0 + wt.
To find out the optimal choices of a, t and z the Lagragian has to be differentiated
with respect to a, t, z and  (partial derivatives V with respect to the choice
variables):
F.O.C.:

V U
=
- p a t = 0
a a
V
U
=
-  pa t = 0
t
t
V U
=
-  pz = 0
z
z
V
= - (Fa + p a ·a · t + p z z - y) = 0.
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For analyzing the effects of changes in income and opportunity cost of time on the
decision (continuous, discrete variable) to participation, a, and the amount of time
spent, t, in physical activity the comparative static derivative

a
describes the effect
y

of change in income on participation. Effect of a change in income ( y ) on
participation decision (a) holding t , p a , p z and Fa constant and setting
0,

t
=
y

a
, can be solved using Jacobian (Humprheys & Ruseski 2011), and the resulting
y

comparative static is:
U az p z - p a tU zz
a
=
.
y p z (-U aa p z + U za p a t) - p a t(-U az p z + U zz p a t)

Convexity of indifferential curves requires the denumerator of equation to be > 0 so
the sign of
sign of

a
depends of the sign of the numerator. Uzz < 0 by assumption, so the
y

a
depends on the first term in the numerator which contains the term Uaz
y

that cannot be signed a priori. The sign of

a
depends of the sign of the cross-partial
y

derivative Uaz, which describes the relationship between participating in physical
activity (marginal utility from participating in physical activity) and the marginal
utility from other leisure activities.

The comparative static derivative

t
describes the effect of a change in income on
y

the amount of time spent in physical activity. Effect of a change in income ( y ) on
decision of the optimal amount of time spent in physical activity (t) holding a , p a
, p z and Fa constant and setting

a
t
= 0,
, can be solved using Jacobian
y
y

((Humprheys & Ruseski 2011), and the resulting comparative static is:
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U zt p z - p a aU zz
t
=
.
y p z (-U tt p z + U tz p a a) - p a a(-U zt p z + U zz p a a)
Convexity of indifferential curves requires the denumerator of equation to be > 0 so
the sign of
sign of

t
depends of the sign of the numerator. Uzz < 0 by assumption, so the
y

t
depends on the first term in the numerator which contains the term Utz
y

that cannot be signed a priori. The sign of

t
depends of the sign of the cross-partial
y

derivative Utz, which describes the relationship between utility derived from time
spent in physical activity and utility derived from time spent in other leisure
activities.
Expanding the Lagragian to explicitly show the full cost of time spent in physical
activity and all other leisure activities is:

V = U(a,t, z) - (Fa + (c a + w)·a · t + (c z + w)z - y).

(8)

Differentiating the Lagragian with respect to a, t, z and  to find out the optimal a, t
and z:
F.O.C.:

V U
=
- (c at t + wt)= 0
a a
V U
=
- (c at t + wa) = 0
t
t
V U
=
- (c z + w) = 0
z
z
V
= - (Fa + (c a + w) ·a · t + (c z + w)z - y) = 0.
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Opportunity cost of time equals to wage, w. The effect of a change in the opportunity
cost of time ( w ) on the participation decision (a) and the amount of the time spent
in physical activity (t) will be found by comparative static result
constant and setting

a
by holding t
w

a
t
=0.
can be solved using Jacobian, and the resulting
w
y

comparative static is:

a - (ta + z)
t
=
· U zz t(ca + w) - U az (c z + w) · ((-c z - w)2 -  (-c z - w)(-c a - w))
w
J FI p
J FI p

where

J FI p = (c z + w)(-U aa (c z + w)) + U za (t(ca + w)) - (c a + w)t(-U az (c z + w) + U zz t(ca + w)).

t
a
by holding a constant and setting
= 0 can be solved using Jacobian, and
w
w

the resulting comparative static is:

t - (ta + z)
a
=
· U zz a(c a + w) - U tz (c z + w) · ((-c z - w)2 -  ((-c z - w)(-c a - w))
w
J
J FI d
FI d

where

J FI d = (c z +w)(-U tt (c z +w)) +U tz (t(ca + w)) - (c a + w)a(-U tz (c z +w) +U zz a(c a + w)).

The first terms in the last two equations resemble the income effect of a change in
the opportunity cost of time: increase in opportunity cost of time means a higher
wage and increase in real income. If leisure activities like physical activity are
normal goods, the income effect of an increase in the opportunity cost of time is
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positive and individuals are more likely to trade-off labour for leisure. Opportunity
cost of time is the same for physical activity and all other leisure activities. ta +  z
= T* = all the time available for all leisure activities.
The second terms in the last two equations resemble the substitution effect in the
opportunity cost of time. It is negative in both of equations which mean that the
likelihood of participation and time spent in physical activity decreases as the
opportunity cost of time increases. Higher opportunity cost of time makes leisure
activities more costly and individuals tend to spend less time participating in leisure
activities.

The signs of

a
t
and
depend on the signs of the substitution and income effects
w
w

of a change in the opportunity cost of time. Substitution effect and income effect
move in opposite directions. (Humphreys and Ruseski 2006, 2011)

2.3

Previous empirical literature concerning relations between physical
activity and personal economic success

In recent years, associations between individual’s economic success and physical
activity have been subject of interest of empirical researchers. Individuals’ decisions
concerning to physical activities have reported to depend on their economic
characteristics. Especially income and participation in physical activity has been
reported to have a positive association (Humphreys & Ruseski 2006, Lechner 2009,
Meltzer & Jena 2010, Humphreys & Ruseski 2011, Kosteas 2012, Eime et al 2015,
Kari et al 2015). Also income and intensity of exercising (Meltzer & Jena 2010) has
been reported to correlate positively. The studies concerning the effect of income to
time spent in physical activity have had controversial results. Humphreys & Ruseski
(2006, 2011) reported increasing income to have negative effect on time spent in
physical activity, but Melzer and Jena (2010) reported time spent in exercising to rise
with higher income.
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Kosteas (2012) used National Longitudinal Surveys of Youth 1979, NLSY79, data to
investigate associations between individual’s weekly earnings and physical activity
among population aged 33-41 years old Americans, N = 12 686, with strong labour
market attachment. The data of NLSY79 has been collected by interviews via
appointments or telephone calls (NLS-info 2017). The self-reported frequency of
participation in vigorous and light physical activity was categorized to following
variables: not at all, less than once a month, 1-3 times a month, 1-2 times a week and
3 or more times a week (Kosteas 2012). Kosteas reports that a frequent, 3 or more
times a week, engaging in exercise associates with 7% higher weekly individual
earnings in men and 12% higher weekly earnings in woman compared to those who
exercise less than 2 times a week. According to Kosteas even moderate, at least once
week, participating in exercise seems to correlate with increased earnings in both
genders. (Kosteas 2012)
In the empirical part of their study Humphreys and Ruseski (2006) used the year´s
2000 data (N=175 246) from the Behavioral Risk Factor Surveillance System,
BRFSS, for investigating associations between annual income and physical activity.
The data of physical activity was collected by a telephone interview of random
representative sample of the population over 18 years old in each U.S. state.
Participating, frequency, time spent in and type of physical activity during the past
month, income, demographic factors and labour market participation were asked.
Individual income used in analyses included income from all sources like pensions,
capital, government assistance programs and income earned from work. Humphreys
and Ruseski report that increasing income has positive association with participation
in physical activity but negative association with time spent in physical activity.
They report that each additional USD 10 000 in income increases participation in
physical activity by 1%. According to their study employed persons are about 1%
less likely to participate in physical activity, but those of them who decide to
participate spent 32 minutes more per week than those not working (unemployed,
students, homemakers, unable to work because of disability). They found that the
higher is the education the higher is the participation probability in physical activity,
but the amount of time spent in physical activity decreases with higher education.
(Humphreys & Ruseski 2006)

23
In the empirical part of their study Humphreys and Ruseski studied in 2011
participating and time spent in physical activity among 25-54 years old (N=158 964)
employed Americans by using the years´

1998, 1999 and 2000 data from the

Behavioral Risk Factor Surveillance System, BRFSS, collected the same previously
presented methods than data than in their study on 2006. Again they used individual
annual income including both unearned and earned income. They report that higher
total income associates with higher participation to physical activity, but less time
used in physical activities. They report USD 10 000 increase in annual income to
increase physical activity 7 minutes weekly when income is treated as exogenous,
but when they used instrumental variables to account for the correlation between
income and unobserved factors that affect time spent decision, USD 10 000 increase
in income decrease the time spent in physical activity by 8-41 minutes per week.
Because the data of their study did not contain information of earnings they were not
able to calculate opportunity cost of time i.e. hourly earnings so they used education
as one proxy for the opportunity cost of time and found that high school or college
graduation correlates with spending more time in physical activity than less than high
school education. (Humphreys & Ruseski 2011)
Meltzer and Jena (2010) studied associations between physical activity and total
family income among adult Americans in nationally representative sample, National
Health and Nutrition Examination Surveys, NHANES, N = 10 853 (National Centre
of Health Statistics 2017). Respondents were asked annual asset and non-asset family
income and participation to physical activity, the types, durations and level of
exertions of physical activity in the past month by postal questionnaires. Meltzer and
Jena report that self-reported annual family income level associates positively with
self-reported participation to physical activity. Comparing Americans with family
annual income more than USD 75 000 to Americans with family annual income
below USD 20 000 reveals that 65% of individuals in high income group reported
participation to moderate and 28% to vigorous exercise in the past month while in
low income group only 48% reported moderate and 20% vigorous exercise in the
past month. The study reveals also that muscle strengthening exercise is 2.1 times as
common in the high income group as in the low income group, high family income
individuals spent monthly more time exercising (average 17.7 h / individual / month)
than low family income (10.8 h / individual / month) and among those exercising,
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individuals with higher family income spent almost 27% more time exercising than
individuals in low family income group. Especially interesting in the study of
Meltzer and Jena (2010) is that also intensity of the exercise appears to rise with total
annual family income. According to Meltzer and Jena high family income
individuals exercise 7.1% more intensively (7.1% higher Metabolic Equivalent
Score, MET) than the low family income individuals. They report also that those
with high family income and at least high school education spent 26% more calories
by exercising and had 3.4% higher exercise intensity than those with low family
income and not graduated from high school. (Meltzer & Jena 2010)
Kari et al (2015) studied associations between income and physical activity among
random sample 34-49 years old Finns consisting of six age cohorts from 5 university
towns of Finland with medical schools and the surrounding area (N = 753). They
udes as income variables individual self-reported income and register-based
individual annual wages and salaries and as physical activity variables self-reported
leisure-time physical activity, pedometer measured total physical activity. Leisuretime physical activity was illustrated with questionnaire based physical activity
index, PAI (Telama, Yang, Viikari, Välimäki, Wanne & Raitakari 2005). Pedometer
registered every one steps taken during the day including leisure-time and working
time as total daily steps and steps of over 10 min continuous walking at a pace over
60 steps as aerobic steps. The study group report that higher income associates with
higher self-reported physical activity in both genders, but with pedometer based
physical activity income has positive association in women but negative association
for aerobic steps and non-existing association for total steps in men. Among women
income associates with aerobic steps as well on weekdays as on weekend days and
with total steps on weekend days. Among men income associates negatively with
aerobic steps measured on weekdays. Men with the highest third of income had 1400
fewer mean daily total steps than men with the lowest third of income. Women with
the highest third of income had on average 460 more daily aerobic steps than those
with the lowest third of income. Kari et al suggested that there may be a trade-off
between work and exercise. This is seen especially in men who had positive
association between income and leisure-time reported physical activity but negative
association between income and aerobic steps on weekdays. Women had positive
association between income and leisure-time reported physical activity and between
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income and total steps in weekend days and between income and aerobic steps
despite the measurement day. (Kari et al 2015)
Relationship between income and physical activity seems to be complex. Regular
exercise may yield higher wages by raising a worker’s health and productivity or
wage changes may affect individuals’ level of physical activity (Kosteas 2012).
Higher income generates more possibilities to physical activity (the income effect).
However, higher income increases the opportunity cost of leisure time and
investments in exercise becomes more costly (the substitution effect). (Gronau 1977,
Huphreys & Ruseski 2006, Humphreys & Ruseski 2011) That is why higher income
can lead to either more or less exercise hours (Kosteas 2012). If the substitution
effect dominates the income effect, an income increase will induce individuals to
devote more time to work and less to leisure activities. If the income effect
dominates, the opposite will occur. (Gronau 1977, Humphreys & Ruseski 2011,
Kosteas 2012)
Especially income and physical activity has been reported to have a positive
association. (Humphreys & Ruseski 2006, Lechner 2009, Meltzer & Jena 2010,
Humphreys & Ruseski 2011, Kosteas 2012, Eime et al 2015, Kari et al 2015) There
seems to be a trend that when income increases exercising becomes less time
spending (Humphreys & Ruseski 2006 and 2011) and more intensive (Meltzer &
Jena 2010). Meltzer and Jena (2010) see the decision to spent time in sports as a
consumer choice in budget constraint limit on the total amount of time available, the
time constraint, and call this the theory of a price effect of exercise. They suggest
that when the time costs of exercise increases, individuals respond by shifting
towards less time spending but more physically intensive exercise. Humphreys and
Ruseski (2006, 2011) found that higher income associates with higher participation
to physical activity but less time spent in physical activities. Meltzer and Jena (2010)
see increasing intensity as a strategy for reducing the time costs of exercise. So
increasing intensity may be a preferred strategy to increasing duration of exercise for
wealthy persons with high time costs and decrease time spent to physical activity.
Kari et al (2015) report gender specific time constraint phenomenon based on
measured leisure-time physical activity: Higher income seems to increase the
opportunity costs of leisure time especially in male population.
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The previous studies have some limitations. The limitations deal with omitting
variables, physical activity data collection, income data collection and the decisions
to include also unearned income in income data.
In the study of Kosteas (2012) the types, durations and intensity of exercising were
not asked, so the physical activity variable of his study is not ideal for analyze the
income effect and substitution effect of economy to physical activity. There is also a
possibility of omitting bias if some unstudied variables, for example discipline, affect
both participation in regular exercise and the earnings and distort the result of the
study. (Kosteas 2012)
In the studies of Humphreys and Ruseski (2006, 2011) the data collection by
interviewing was taken throughout the calendar year and the respondents were
interviewed once, so the seasonal variation and climate changes may have affected
the variation of types of the physical activity participation frequency and time spent
in exercising between respondents. Their data group was a random sample from
different states of U.S and due that many state specific factors related to climate,
geography, variation in travel costs of physical activity, supply of goods and services
may have been affected the respondents´ behaviour. In addition, Humphreys and
Ruseski had no pure measure of the opportunity cost of time because they had no
pure wage information. (Humphreys and Ruseski 2006, 2011)
The data group of Kari et al (2015) consisted of 753 individuals aged 34-49 and
consisted of random sample of men and women from six age cohorts from five
university towns and the surrounding rural areas with medical school in Finland. Due
that many living state specific factors related to climate, geography, variation in
travel costs of physical activity, supply of goods and services may have been affected
physical activity decisions and via that results of their study.
A number of population-based studies have used only self-reported attendance to
physical activity (Humphreys & Ruseski 2006, Meltzer & Jena 2010, Humphreys &
Ruseski 2011, Kosteas 2012) to examine associations between physical activity and
personal economic variables. Kari et al (2015) used self-reported physical activity
data together with pedometer, but limitation of pedometer is that it may ignore non-
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ambulatory activities like swimming, muscle strength training, cycling etc. and
pedometer measurements did not separate leisure-time from work.
Income data used in previous studies have been self-reported (Humprheys & Ruseski
2006, Melzer & Jena 2010, Humphreys & Ruseski 2011, Kosteas 2012, Kari et al
2015) and may lead a cognitive bias. Humphreys and Ruseski (2006, 2011) included
to income data also unearned income (pensions, capital, government assistance
programs) in addition to income earned from work, and Melzer and Jena (2010) used
asset and non-asset family income, so the hourly wage is not possible to calculate in
their studies. According to economic theory of household production model, time
allocation decisions depend on opportunity cost of time which is related to the hourly
wage (Becker 1965), so data including unearned income and family income are not
ideal for estimating opportunity cost of time. In 2011 Humphreys and Ruseski used
education as one proxy for the opportunity cost of time by justifying that relationship
between income and education is well established.

2.4

Summary and conclusions of the previous literature

Participating in physical activity and sports seems to have a component based on
individual’s economic success (Humphreys & Ruseski 2006, Meltzer & Jena 2010,
Humphreys & Ruseski 2011, Kosteas 2012). Based on previous studies a selfreported participation to frequent exercise seems to associate with higher earnings
(Kosteas 2012), income (Humphreys & Ruseski 2006, Melzer & Jena 2010,
Humphreys & Ruseski 2011, Kari et al 2015) and high education (Humphreys &
Ruseski 2006). The results of studies concerning the association between income and
the time spent in physical activity have controversial findings (Humphreys &
Ruseski 2006, Meltzer & Jena 2010, Humphreys & Ruseski 2011). Higher individual
income reduces time spent in physical activity (Humphreys & Ruseski 2006, 2011)
but higher family income controversially increases it (Meltzer & Jena 2010).
Employed persons seem to be more likely to participate in physical activity, but
those of them who decide to participate spent more time in exercising (Humphreys &
Ruseski 2006). Higher education increases the participation probability in physical

28
activity (Humphreys & Ruseski 2006, Humphreys & Ruseski 2011), but results of
empirical studies concerning the association of education and time spent in physical
activity have been controversial (Humphreys & Ruseski 2006, Humphreys &
Ruseski 2011). Measured physical activity and income seems to have positive
association in women and negative or non-existing association in men (Kari et al
2015). The previous studies have some limitations concerning data collection, used
income definition and omitting variables.
In summary, based on previous studies the decision to participate in physical activity
is complex (Meltzer & Jena 2010, Humphreys & Ruseski 2011, Kari et al 2015) and
includes participation (the extensive margin of participation) and time spent (the
intensive margin of frequency and duration) decisions (Humphreys & Ruseski 2011)
and it deals with favoring either the substitution effect or the income effect (Gronau
1977, Humphreys & Ruseski 2011, Kosteas 2012). The decision to participate in
physical activity may be linked to individual’s economic resources (Humphreys &
Ruseski 2006, Meltzer & Jena 2010, Humphreys & Ruseski 2011, Kosteas 2012,
Eime et al 2015, Kari et al 2015). Income and opportunity costs of time seem to be
important determinants of decision to participate to physical activity (Humphreys &
Ruseski 2006, Meltzer & Jena 2010, Humphreys & Ruseski 2011, Kari et al 2015),
but there may be differences between genders (Kari et al 2015). The decision of time
spent in physical activity seems to be ambiguous (Humphreys & Ruseski 2006,
Meltzer & Jena 2010, Humphreys & Ruseski 2011) and may be affected by
fluctuating effect of the substitution and the income effects. In relation to physical
activity decisions individuals aim to result that maximizes their net benefit including
momentary pleasure and expected benefits and minimizes the costs including time
costs, loss of money and earnings (Humphreys & Ruseski 2006, Humphreys &
Ruseski 2011). The facts that physical activity tends to be episodic and can be seen
as well a non-durable, durable and investment consumption good make analyzing of
the decision to participate physical activity complex (Gratton & Taylor 2000).
Different strategies may motivate different individuals to participate more in physical
activity (Humphreys & Ruseski 2011). Recognizing different underlying factors
affecting the individuals’ exercise decisions and taking those factors account is the
only way to manage to develop effective physical activity promoting programs
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(Gratton & Taylor 2000). If the theory of a price effect of exercise holds in the real
world and rather than increasing duration of exercise increasing intensity is a
preferred strategy for wealthy persons with high time costs, it should be taken
account when a physician recommend exercise for enhance health (Meltzer & Jena
2010), employers target workplace physical activity programs for workers with
limited time resources and policy makers implement increasing daily physical
activity levels of wealth citizens (Kari et al 2015).

2.5

Aim of the study

The aim of the empirical part of this study is to examine physical activity,
participation to and time spent in physical activity from an economic perspective. We
are interested about possible association between personal economic success and
physical activity in adulthood in Northern Finland 1966 Birth Cohort population
(n=12 231).
A number of population-based studies have used self-reported participation to
physical activity (Humphreys & Ruseski 2006, Meltzer & Jena 2010, Humphreys &
Ruseski 2011, Kosteas 2012) to examine associations between physical activity and
personal economic resources. In this study we examine the associations of selfreported personal economic success, precisely income and assets with physical
activity.
We hypothesize that high income and assets are positively associated with higher
participation in exercise and intensity of physical activity but negatively associated
with time spent in sports.
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3.1

MATERIALS AND METHODS OF THE EMPIRICAL STUDY

The data

Northern Finland 1966 Birth Cohort (NFBC1966) is an epidemiological and
longitudinal prospective research program consisting of all mothers (n=12 068) and
newborns (n=12 231) from the two northernmost provinces of Finland (provinces of
Oulu and Lapland) with children’s expected date of birth in 1966. NFBC1966 was
designed to study health and well-being of the population by collecting prospective
data of genetic, biological, social and behavioral factors. The data collection was
started during mothers’ pregnancy and the children have been followed-up at the
ages of 12 months, 14 years, 31 years, and 46 years by using questionnaires and
clinical examinations to gather a wide range of health, lifestyle, demographic and at
the years 46 also economic data. NFBC1966 includes 96.3% of individuals that born
in 1966 in provinces of Oulu and Lapland. All participants has been provided written
informed consent, and the Ethical Committee of the Northern Ostrobothnia Hospital
District in Oulu, Finland has approved the Northern Finland Birth Cohort study
(§94/2011), which is performed according to the Declaration of Helsinki of 1983.
(Auvinen, Taanila, Keinänen-Kiukaanniemi, Veijola, Männikkö, Hartikainen &
Järvelin 2014)
In this study we use in 4/2012-2/2014, at the age of 45-46 years of the cohort
members (N = 11 366), collected data of NFBC1966 by 3 questionnaires and clinical
health examinations. Two postal questionnaires and an invitation to the clinical
health examination were sent for all the cohort members whose addresses were
known (N = 10 321, 90.8%). The questionnaires were able to fill in either in the
paper or by internet. All questionnaires were in Finnish. The questionnaires included
items about health, medication, mental resources, personal traits, social background,
work related factors, economy, physical activity, lifestyle habits, quality of life, use
of health services, and opinions and experiences. 6 868 (66.5%) answered all the
questions of background information, lifestyle and health questionnaire, 26 (0.3%)
answered part of the questions. 6 858 (66.4%) answered all the questions of
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economy, work and mental resources questionnaire, 216 (2.1%) answered partly of
them.
Among other things, the number of the children and marital status were asked. To
evaluate the socioeconomic status the education level of the subjects was asked with
following 3 categories: education less than 9 years, high school graduation and
college

graduation.

There

were

also

questions

concerning

work

status,

unemployment, entrepreneurship and part-time working.
The self-reported physical activity data was collected by asking subjects how often
they participated in leisure time a) light and b) brisk (at least some sweating and
getting out of breath, corresponding to moderate-to-vigorous intensity) physical
activity with the following alternatives: 1) once a month or less often, 2) 2-3 times a
month, 3) once a week, 4) 2-3 times a week, 5) 4-6 times a week, and 6) daily.
Subjects were also asked how much time they usually spent exercising in a) light and
b) brisk leisure time sports with the following alternatives: 1) not at all, 2) less than
20 minutes, 3) 20-39 minutes, 4) 40-59 minutes, 5) 1-1.5 hours and, 6) over than 1.5
hours. Subjects were also asked what kind leisure time they favor with the following
alternatives: 1) In leisure time I spent my time reading, watching television, and in
other activities that does not require physical activity and are not physically
strenuous 2) I walk, bicycle, fish, hunt, do gardening or participate in other light
exercise at least 4 hours a week in leisure time, 3) I participate in keep—fit
exercising like jogging, cross-country skiing, swimming, fit gymnastics, ball gaming,
strenuous gardening at least 2 hours a week, and 4) I participate in competitive sport
like running, orienteering, cross-country skiing, swimming, ball games or other
strenuous sports regularly several times a week.
Leisure time physical activity was illustrated by modified physical activity index,
mPAI, (Kari et al 2015, Telama, et al 2005). The mPAI was formed as the sum of 5
variables that describe the frequency and average duration of light and brisk physical
activity and leisure time favored physical activity level based on previously
described questions and take score 5 to 15 (see Table 1). The higher the mPAI score
is the more physically active the individual is.
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Table 1. The structure of modified physical activity index, mPAI.
Items

score

How often do you participate in light leisure time physical activity?
once a month or less often

1

2-3 times a month

2

once a week

2

2-3 times a week

2

4-6 times a week

3

daily

3

How often do you participate in brisk leisure time physical activity?
once a month or less often

1

2-3 times a month

2

once a week

2

2-3 times a week

2

4-6 times a week

3

daily

3

How much time do you usually spent in a light physical activity session?
not at all

1

less than 20 minutes

1

20-39 minutes

2

40-59 minutes

2

1-1.5 hours

3

over than 1.5 hours

3

How much time do you usually spent in a brisk physical activity session?
not at all

1

less than 20 minutes

1

20-39 minutes

2

40-59 minutes

2

1-1.5 hours

3

over than 1.5 hours

3

How much you participate in leisure time physical activity?
In leisure time I spent my time reading, watching television, and in other activities that does not require physical activity and are not
physically strenuous.
I walk, bicycle, fish, hunt, do gardening or participate in other light exercise at least 4 hours a week.
I participate in keep—fit exercising like jogging, cross-country skiing, swimming, fit gymnastics, ball games, strenuous gardening at least 2
hours a week.
I participate in competitive sport like running, orienteering, cross-country skiing, swimming, ball games or other strenuous sports regularly
several times a week.
mPAI total, range

1

2
2

3
5-15

Modified from Telama et al 2005.

The participants were asked last year´s household annual income and current
household net assets in euros. The usable income and assets for an individual was
estimated from the self-reported annual household income and household net assets
by using the OECD-modified equivalence scale. The needs of a household grow with
each additional member, but due the economies of scale in consumption the growth
is not proportional. The OECD-modified equivalence annual income and assets were
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calculated by dividing household annual income and household net assets by a sum
formed by assigning a value of 1 to the household head, of 0.5 to each additional
adult member and of 0.3 to each child in the household (Hagenaars, de Vos & Zaidi
1994).
The quality of life was assessed by 15D, which consist of 15 questions and takes sum
value of 5-75 points, higher points reflecting lower life quality (Sintonen 1994).
The work ability index was calculated by the sum of answers of 9 questions giving 7
to 49 points, higher points reflecting better work ability (Tuomi, Ilmarinen, Jahkola,
Katajarinne & Tulkki 2006).
Working hours per week was asked with following 7 categories: 1) 1-10 hours/week,
2) 11-20 hours/week, 3) 21-30 hours/week, 4) 31-40 hours/week, 5) 41-50
hours/week, 6) 51-60 hours/week, and 7) over than 60 hours/week.
The participants were asked to estimate self-estimated health status with the
following alternatives: 1) very good, 2) good, 3) moderate, 4) poor and 5) very poor.
A health examination (N = 5 861, 56.7%) was conducted (4/2012-2014) with three
teams (Oulu region, Northern Finland and Southern Finland) and with more than 30
field examiners. The clinical examination included among other things weight and
height. BMI (kg/m2) was calculated based on measured weight and height.

3.2

Empirical model

Our economic model of physical activity is based on previously described models of
Humphreys and Ruseski (2006, 2011), Melzer and Jena (2010) and Kari et al (2015).
Kari et al (2015) used the following ordinary least squares (OLS) regression model
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PAijt =  i +  × INCOME ijt + µ × X ijt +  ijt

where PA = physical activity, i = the individual, j = physical activity, t = study year,

i

=

the unobserved but time-invariant differences in physical activity between

individuals,  = the main parameter of interest, the correlation coefficient,
measuring the association between physical activity and income at the given vector
of the control variables Xijt, µ = a parameter estimate for Xijt, and  ijt

=

the stochastic

error term with constant variance.
Based on previously described models we formed the following regression model to
explore the association between income and physical activity:

PA = C + E  X + 
where PA = physical activity variable, C

=

the constant term reflecting unobserved

differences in physical activity,  = estimated coefficient, the main parameter of
interest measuring the association between physical activity and economic success
variable (income or assets) at the given vector of the control variables X, E =
personal economic success variable i.e. income or assets,  = estimated coefficient
for X, measuring the association between physical activity and control variable X at
the given vector of the personal economic success variable E, and  = the stochastic
error term with constant variance at the given vector of control variables. Used
control variables, X, in analyses are marital status, number of children, work status
(at work/not working), education level, life quality (15D), work ability index, BMI,
self-estimated health status, working hours per week and in addition in total analysis
gender.
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3.3

Empirical analysis

First we formulated descriptive statistics of the data by comparing the means and
using crosstabs and study the differences between genders by student t-test. Then we
compared the means of physical activity variables in quartiles of personal economic
success variables and studied the differences between groups by F-test and
correlations between personal economic success variables and physical activity
variables by Pearson correlation coefficients. F-test analyzes whether the variance
within groups differ from each other i.e. to detect possible differences between
groups. In this case F-test is used to assess whether any of the personal economic
success quartiles is on average superior or inferior to the others versus that all four
groups have same level of certain physical activity variable. Pearson correlation
coefficient is a measure of the possible correlation between two variables, in this
case between personal economic success variable and physical activity variable. It
has a value between +1 and −1, where +1 means total positive linear correlation, 0
means no linear correlation, and −1 means total negative linear correlation.
We used linear regression analysis to study the association between leisure time
physical activity and personal economic success. Estimated coefficients between
measures of physical activity and personal economic success were calculated by
using ordinary least squares (OLS) i.e. linear least squares regression model. OLS is
a method for estimating the unknown parameters in a linear regression by
minimizing the sum of the squares of the differences between the observed
responses, in this case values of the physical activity variables, in the given dataset,
in this case in NFBCC1966 data, and those predicted by a linear function of a set of
explanatory variables. Visually this can be seen as the sum of the squared vertical
distances between each data point in the set and the corresponding point on the
regression line. The smaller the differences are, the better the model fits the data.
Three analyses are carried out for total population and for both genders separately.
Eventually we adjusted the statistically significant results for potential confounding
factors. In addition to personal economic success, the data provides several possible
explanatory variables i.e. controls i.e. potential confounding factors i.e. covariates
consisting of gender, marital status, number of children, working status, education
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level, life quality, work ability, working hours per week, BMI(kg/m2), and selfestimated health. The covariates in the empirical part of this study are those
commonly used in studies concerning physical activity (Humphreys & Ruseski 2006,
Lechner 2009, Meltzer & Jena 2010, Humphreys & Ruseski 2011, Kosteas 2012,
Eime et al 2015, Kari et al 2016).
Leisure time physical activity wass illustrated by modified physical activity index,
mPAI, (Kari et al 2015, Telama et al 2005). The usable annual income and assets for
an individual were estimated from the self-reported household annual income and
household net assets by using the OECD-modified equivalence scale (Hagenaars et al
1994). In ordinary least squares (OLS) regression analyses equivalence annual
income and equivalence assets were expressed in natural logs.
IBM SPSS for windows version 24 was used to the statistical analyses.
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RESULTS

Table 2 presents the descriptive statistics of the study sample, N=7071 (3276 men
and 3804 women) according to gender.
Table 2. Descriptive statistics of the study sample.
p-value of t-test

Total

Men

Women

N=7071

N= 3267(46.2)

N=3804 (53.8)

mPAI (5-15), mean (SD)

10.30 (2,06)

10.14 (2.18)

10.42 (1.934)

<0.001***

Frequency of light PA, mean (SD)

4.21 (1.55)

4.22 (1.54)

4.19 (1.56)

0.549

Frequency of brisk PA, mean (SD)

3.25 (1.34)

3.26 (1.32)

3.25 (1.35)

0.679

Time used for light PA, mean (SD)

3.53 (1.21)

3.51 (1.19)

3.55 (1.22)

0.279

Time used for brisk PA, mean (SD)

3.70 (1.30)

3.70 (1.54)

3.71 (1.32)

0.663

Equivalence annual income euros/year, mean (SD)

42178.81 (43934.86)

43564.15 (44548.06)

40963.50 (43360.45)

0.023*

Equivalence assets

140780.22

144869.13

euros, mean (SD)

(371556.93)

(374617.95)

136804.24 (368585.45)

0.440

Number of children, mean (SD)

1.26 (1.43)

1.29 (1.49)

1.23 (1.37)

0.92

Self-estimated health, mean (SD)

2.26 (0.74)

2.28 (0.74)

2.24 (0.74)

0.018*

Life quality 15D, mean (SD)

19.27 (3.75)

18.96 (3.67)

19.52 (3.79)

<0.001***

Work ability index, mean (SD)

37.15 (6.02)

37.04 (6.23)

37.24(5.85)

0.182

BMI, mean (SD)

26.86 (4.90)

27.32 (4.28)

26.50 (5.32)

<0.001***

Categorized weekly working time (1-7)

4.22

4.45

4.03

<0.001***

<9 years of education, N(%)

38 (0.6)

29 (1.0)

9 (0.2)

<0.001***

high school graduate, N(%)

3705(55.3)

2810(66.1)

1687(42.6)

<0.001***

college graduate, N(%)

2959(44.2)

1004(32.9)

1955(53.5)

<0.001***

Married, N (%)

5207 (77.5)

2388 (78.0)

2819 (77.0)

0.335

Employed, N (%)

5295 (82.5)

2477 (83.7)

2818 (82.5)

0.016*

Part time work of those that are at work, N (%)

298 (5.6)

79 (3.2)

219 (7.8)

<0.001***

Entrepreneurs, N (%)

595 (11.2)

380 (15.3)

215 (7.6)

<0.001***

Directors and other upper employees, N (%)

1353(19.1)

754(23.1)

599(15.7)

<0.001***

Unemployed, N (%)

468(8.1)

219(8.1)

249(8.1)

0.995

for gender
differences

N=7071 (N=3267 for men and N=3804 for women). PA = physical activity. Mean, SD with continuous variables
and N, % with classification variables. * = 5% significance level, ** = 1% significance level, and *** = 0.1%
significance level.
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Among 45-46 years cohort NFBC1966 members (N=7071, consisting of 3276 men
and 3804 women) women have higher physical activity measured with mPAI
(p<0.001). Men have higher equivalence annual income (p=0.023), better selfestimated health (p=0.018), higher life quality according to 15D (p<0.001), higher
BMI (p<0.001) and use more time weekly for work (p<0.001) than women. There
are differences also in education level between genders (p<0.001). Working outside
home is more usual in men than women (p=0.016). Higher percent of women have
part-time work compared to men (p<0.001). Entrepreneurship is more usual among
men than women (p<0.001) and men work more often in leading positions than
women (p<0.001).
The equivalence annual income was divided into quartiles, which are 0-24000,
24000-36000, 36000-50270 and over than 50270 euros. The variation in mPAI with
annual equivalence income quartiles is described in table 3.
Table 3. Summary statistics: mPAI with equivalence annual income quartiles.
mPAI
Income group
total

Men

Women

The lowest quartile

10.02(2.12)

9.76(2.33)

10.19(2.09)

2nd lowest quartile

10.21(2.08)

10.09(2.24)

10.33(1.91)

2nd highest quartile

10.41(2.02)

10.25(2.12)

10.55(1.91)

The highest quartile

10.59(1.83)

10.52(1.93)

10.65(1.73)

F-test (p-value)

20.31(<0.001)***

13.21(<0.001)***

9.11(<0.001)***

Pearson corr (p-value)

0.105(<0.001)***

0.123(<0.001)***

0.095(<0.001)***

Mean (SD) for mPAI.
Annual equivalence income quartiles: The lowest quartile 0-24000 euros, 2nd lowest quartile 24000-36000 euros;
2nd highest quartile 36000-50270 euros; and the highest quartile over than 50270 euros per year.
F-test analyzes whether the variance of mPAI within equivalence annual income quartiles differ from each other.
Pearson correlation coefficient measures possible linear correlation between equivalence annual income and
mPAI.
* = 5% significance level, ** = 1% significance level, and *** = 0.1% significance level.

The modified physical activity index, mPAI, varies significantly with annual
equivalence income for total population (p<0.001) and both sexes (p<0.001 and
p<0.001) indicating that individuals with higher income have higher physical
activity. The modified physical activity index, mPAI, has positive correlation with
equivalence annual income for total population (p<0.001) and both sexes (p<0.001
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and p<0.001) indicating also that individuals with higher income have higher
physical activity.
The equivalence assets was divided to quartiles, which are less than 40816, 4081693023, 93023-161290 and more than 161290 euros. The variation in mPAI with
equivalence assets quartiles is described in table 4.
Table 4. Summary statistics: mPAI with equivalence assets quartiles.
mPAI
Assets group
total

Men

Women

The lowest quartile

10.09(2.16)

9.92(2.31)

10.23(2.01)

2nd lowest quartile

10.45(1.97)

10.37(2.04)

10.52(1.90)

2nd highest quartile

10.49(1.90)

10.45(2.02)

10.53(1.79)

The highest quartile

10.41(1.97)

10.27(2.13)

10.57(1.76)

F-test (p-value)

9.99(<0.001)***

6.64(<0.001)***

4.31(0.005)**

Pearson corr (p-value)

0.057(<0.001)***

0.057(0.007)**

0.062(0.002)**

Mean (SD) for mPAI.
Equivalence assets quartiles: The lowest quartile less than 40816 euros, 2 nd lowest quartile 40816-93023 euros;
2nd highest quartile 93023-161290 euros; and the highest quartile over than 161290 euros.
F-test analyzes whether the variance of mPAI within equivalence assets quartiles differ from each other.
Pearson correlation coefficient measures possible linear correlation between equivalence assets and mPAI.
* = 5% significance level, ** = 1% significance level, and *** = 0.1% significance level.

The modified physical activity index, mPAI, varies significantly with equivalence
assets quartiles for total population (p<0.001) and both sexes (p<0.001 and p=0.005).
Comparing the means of mPAI between equivalence assets quartiles indicates that
individuals of the highest quartile in women and the 2nd highest quartile among total
population and among men have the highest mPAI. The modified physical activity
index, mPAI, has positive correlation with equivalence assets for total population
(p<0.001) and both sexes (p=0.007 in men and p=0.002 in women) indicating also
that individuals with higher assets have higher physical activity.
The variation in physical activity frequency and used time variables with annual
equivalence income quartiles and Pearson correlation coefficient between
equivalence annual incomes and physical activity variables are described in table 5.
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Table 5. Summary statistics: frequencies and time used for light and brisk physical activity with
equivalence annual income quartiles.
Frequency of light PA

Frequency of brisk PA

Time used for light PA

Time used for brisk PA

T

M

W

T

M

W

T

M

W

T

M

W

4.18

4.31

4.09

3.23

3.33

3.16

3.53

3.53

3.53

3.66

3.68

3.60

(1.52)

(1.46)

(1.55)

(1.34)

(1.30)

(1.37)

(1.18)

(1.13)

(1.21)

(1.30)

(1.30)

(1.36)

4.21

4.20

4.23

3.25

3.24

3.26

3.53

3.50

3.55

3.67

3.71

3.76

(1.56)

(1.58)

(1.54)

(1.36)

(1.36)

(1.36)

(1.22)

(1.20)

(1.23)

(1.32)

(1.32)

(1.30)

4.22

4.18

4.26

3.27

3.25

3.29

3.53

3.49

3.57

3.77

3.72

3.74

(1.54)

(1.54)

(1.54)

(1.39)

(1.28)

(1.30)

(1.19)

(1.18)

(1.21)

(1.26)

(1.26)

(1.27)

4.17

4.18

4.17

3.28

3.30

3.26

3.54

3.51

3.58

3.70

3.68

3.70

(1.56)

(1.55)

(1.57)

(1.31)

(1.31)

(1.31)

(1.21)

(1.22)

(1.21)

(1.30)

(1.30)

(1.32)

0.38

0.99

1.88

0.35

0.62

1.37

0.05

0.14

0.24

1.81

2.45

2.42

(0.77)

(0.40)

(0.13)

(0.79)

(0.60)

(0.25)

(0.99)

(0.94)

(0.87)

(0.14)

(0.87)

(0.07)

Pearson correlation

-0.01

-0.03

0.02

0.01

-0.01

0.03

0.004

-0.01

0.02

0.02

-0.003

0.04

(p-value)

(0.97)

(0.14)

(0.23)

(0.31)

(0.77)

(0.12)

(0.77)

(0.73)

(0.41)

(0.18)

(0.09)

(0.06)

The lowest quartile

2nd lowest quartile

2nd highest quartile

The highest quartile

F-test (p-value)

Mean (SD) for physical activity PA.
Annual equivalence income quartiles: The lowest quartile 0-24000 euros, 2nd lowest quartile 24000-36000 euros;
2nd highest quartile 36000-50270 euros; and the highest quartile over than 50270 euros per year.
T=total, M=men, W=women
F-test analyzes whether the variance of physical activity variables within equivalence annual income quartiles
differ from each other.
Pearson correlation coefficient measures possible linear correlation between equivalence annual income and
physical activity variables.
* = 5% significance, ** = 1% significance

There is no difference in frequencies of light and brisk physical activity and time
used in light or brisk physical activity between annual equivalence income quartiles.
There is no linear correlation between frequencies of light and brisk physical activity
and time used in light or brisk physical activity and equivalence annual income.
The variation in frequencies of light and brisk physical activity and time used in light
and brisk physical activity with equivalence assets quartiles and Pearson correlation
coefficient between equivalence assets and physical activity variables are described
in table 6.

41
Table 6. Summary statistics: frequencies and time used for light and brisk physical activity with
equivalence assets quartiles.
Frequency of

Frequency of

Time used for

Time used for

light PA

brisk PA

light PA

brisk PA

T

M

W

T

M

W

T

M

W

T

M

W

4.23

4.24

4.23

3.27

3.22

3.21

3.55

3.58

3.52

3.65

3.64

3.66

(1.53)

(1.53)

(1.54)

(1.34)

(1.31)

(1.37)

(1.23)

(1.24)

(1.23)

(1.32)

(1.32)

(1.33)

4.18

4.25

4.12

3.27

3.30

3.23

3.51

3.48

3.53

3.69

3.76

3.62

(1.55)

(1.54)

(1.56)

(1.35)

(1.36)

(1.34)

(1.21)

(1.16)

(1.25)

(1.28)

(1.26)

(1.29)

4.18

4.20

4.17

3.27

3.33

3.22

3.54

3.53

3.55

3.75

3.75

3.69

(1.55)

(1.52)

(1.57)

(1.31)

(1.27)

(1.35)

(1.21)

(1.20)

(1.22)

(1.29)

(1.27)

(1.32)

4.21

4.20

4.23

3.32

3.26

3.39

3.53

3.47

3.61

3.74

3.67

3.85

(1.56)

(1.55)

(1.53)

(1.31)

(1.31)

(1.30)

(1.18)

(1.18)

(1.18)

(1.26)

(1.26)

(1.27)

0.26

0.16

0.60

1.24

0.74

2.30

0.23

1.03

0.59

1.64

2.77

3.30

(0.85)

(0.93)

(0.62)

(0.30)

(0.53)

(0.08)

(0.88)

(0.38)

(0.62)

(0.18)

(0.04*)

(0.02*)

Pearson correlation

-0.03

-0.11

0.003

0.03

0.11

0.04

-0.001

-0.03

0.03

0.03

0.01

0.05

(p-value)

(0.82)

(0.59)

(0.87)

(0.06)

(0.60)

(0.04*)

(0.93)

(0.20)

(0.22)

(0.04*)

(0.76)

(0.011*)

The lowest quartile

2nd lowest quartile

2nd highest quartile

The highest quartile

F-test (p-value)

Mean (SD) for physical activity PA. Equivalence assets quartiles: The lowest quartile less than 40816 euros, 2 nd
lowest quartile 40816-93023 euros; 2nd highest quartile 93023-161290 euros; and the highest quartile over than
161290 euros.
T = total, M = Men, W = Women
F-test analyzes whether the variance of physical activity variables within equivalence assets quartiles differ from
each other.
Pearson correlation coefficient measures possible correlation between equivalence assets and physical activity
variables.
* = 5% significance, ** = 1% significance

There is no difference in frequency of and time used in light physical activity
between equivalence assets quartiles. The time used for brisk physical activity in
men (p=0.04) and women (p=0.02) vary significantly with equivalence assets
quartiles. The results indicate that wealthier women participate more often to brisk
physical activity and use more time in brisk physical activity, but among men the
highest amount of time used in brisk physical activity is found in the two middle
equivalence assets quartiles. The frequency of brisk physical activity has positive
correlation with equivalence assets in women (p=0.04). Time used for brisk physical
activity has positive correlation with equivalence assets in total population (p=0.04)
and in women (p=0.011).
Table 7 reports the OLS estimates for mPAI. Equivalence annual income and
equivalence assets were expressed in natural logs. For the mPAI the income
estimated coefficient and the assets estimated coefficient measure the impact of a
unit change in income level and in asset level on the index of mPAI.
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Table 7. Regressions of mPAI with and without control variables.
mPAI
Estimate (SD) Sig

mPAI
With control variables

Total

Income

R2

R2

0.16 (0.03) <0.001***
N=5510
0.007

0.03(0.03)
0.40

R2

Assets

N=3717
0.14

R2

0.07 (0.02) <0.001***
N=4732
0.003

0.01 (0.113)
0.83
N=3282
0.13

Men
0.31 (0.05) <0.001***
N=2537
0.014

0.14(0.007)
0.04*

Assets

N=1634
0.15

Women

Income

With control variables

Total

Men

Income

Estimate (SD) Sig

R2

0.09 (0.003) 0.06
N=2301
0.004

0.002 (0.04)
0.96
N=1522
0.14

Women
0.12(0.03) <0.001***
N=2971
0.005

-0.01(0.04)
0.77

Assets

N=2083
0.13

R2

0.06(0.03) 0.014*
N=2430
0.002

0.18(0.03)
0.56
N=1759
0.14

Equivalence annual income and equivalence assets were expressed in natural logs. Study sample in income
analysis N=3718, men N=1634 and women N=2084 and in assets analysis N=3282, men N=1523 and women
N=1759. Added control variables: marital status, number of children, work status (at work/not working),
education level, life quality (15D), work ability index, BMI, self-estimated health status, working hours per week,
and in addition in total analysis gender. N may vary because of missing values. Missing observations were
excluded from the analyses.
* = 5% significance level, ** = 1% significance level, and *** = 0.1% significance level.

According to the results, higher income associates with higher physical activity in
total population and both in women and men. The relationships are statistically
significant. Having one unit higher income level is associated with 0.16-unit higher
mPAI in total population (p<0.001), in men with 0.31-unit higher mPAI (p<0.001)
and in women with 0.12-unit higher mPAI (p<0.001). Higher assets are associated
statistically significantly with higher physical activity in total population and in
women but not in men. Having one unit higher assets level is associated total with
0.07-unit higher mPAI (p<0.001), and in women with 0.06-unit higher mPAI
(p=0.014). The explanatory power (R2) of the variables used in the models varied
between 0.005 – 0.014 in income analyses and between 0.002-0.003 in assets
analyses. This implies that although the results demonstrated an association between
income and assets and physical activity, in overall, the magnitude of the variables
used in analyses concerning income and assets in predicting physical activity is
relatively modest. The relationship between income and mPAI remains across the
inclusion of control variables only in men (p=0.04) with explanatory power (R2) of
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0.15. After adjusting with potential confounding factors, having one unit higher
income level is associated in men with 0.14-unit higher mPAI. The relationships
between assets and mPAI disappear by the inclusion of control variables.
Table 8 reports the OLS equivalence annual income estimated estimates for mPAI
and control variables. Equivalence annual income was expressed in natural logs. For
the mPAI the income estimated coefficient measure the impact of a unit change in
equivalence income level on the index of mPAI.
Table 8. Equivalence annual income and control variables estimated coefficients for mPAI.
Total

Men

Women

N=3718 R2=0.136

N=1634 R2=0.150

N=2084 R2=0.132

C

12.447

9.9876

14.022

Income

0.029(0.03)0.40

0.014(0.07)0.04*

-0.01(0.04)0.77

Married

-0.01(0.08)0.91

0.04(0.14)0.78

-0.01(0.09)0.94

Number of children

-0.01(0.02)0.69

0.03(0.04)0.41

-0.02(0.03)0.47

Employed

0.07(0.11)0.50

-0.11(0.20)0.58

0.20(0.13)0.13

Education level

0.18(0.61)0.004**

0.34(0.10)0.001**

0.014(0.08)0.86

Quality of life (15D)

-0.02(0.01)0.178

-0.02(0.02)0.34

-0.02(0.01)0.27

Work ability index

0.025(0.01)0.004**

0.05(0.02) <0.001***

0.001(0.01)0.96

BMI

-0.05(0.01) <0.001***

-0.05(0.01) <0.001***

-0.05(0.01) <0.001***

Working hours per week

-0.18(0.04) <0.001***

-0.21(0.05) <0.001***

-0.12(0.05)0.013*

Self-estimated health

-0.67(0.06) <0.001***

-0.59(0.09) <0.001***

-0.74(0.07) <0.001***

Equivalence annual income was expressed in natural logs.
Study sample in analysis N=3718, men N=1634 and women N=2084.
Added control variables: marital status, number of children, work status (at work = employed), education level,
life quality (15D), work ability index, BMI, working hours per week, self-estimated health status (higher numbers
reflecting poorer health), and in addition in total analysis gender.
* = 5% significance level, ** = 1% significance level, and *** = 0.1% significance level.

Statistically significant positive associations with mPAI was found with equivalence
annual income in men (p=0.004), education level in total population (p=0.004) and in
men (p=0.001), and better work ability index total population (p=0.004) and in men
(p<0.001) and negative associations with mPAI and BMI total population (p<0.001),
in men (p<0.001), in women (p<0.001), working hours per week in total population
(p<0.001), in men (p<0.001) and in women (p=0.013) and poor self-estimated health
total population (p<0.001), in men (p<0.001) and in women (p<0.001).
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Table 9 reports the OLS equivalence assets estimates for mPAI and control variables.
Equivalence assets were expressed in natural logs. For the mPAI the assets estimated
coefficient measure the impact of a unit change in equivalence assets level on the
index of mPAI.
Table 9. Equivalence assets and control variables estimated coefficients for mPAI.
Total

Men

Women

N=3281R2=0.13

N=1522 R=20.14

N=1758 R2=0.13

C

12.611

11.255

13.743

Assets

0.005(0.03)0.83

0.002(0.04)0.96

0.02(0.03)0.56

Married

-0.028(0.09)0.75

-0.07(0.15)0.64

0.03(0.10)0.76

Number of children

-0.011(0.02)0.66

0.00(0.035)0.99

-0.01(0.04)0.81

Employed

0.07(0.12)0.57

-0.05(0.21)0.82

0.17(0.13)0.20

Education level

0.14(0.07)0.03*

0.41(0.10) <0.001***

-0.11(0.08)0.21

Quality of life (15D)

-0.02(0.01)0.23

-0.02(0.02)0.25

-0.01(0.02)0.59

Work ability index

0.03(0.03)0.002**

0.05(0.015) <0.001***

0.01(0.01)0.51

BMI

-0.05(0.01) <0.001***

-0.05(0.013) <0.001***

-0.05(0.01) <0.001***

Working hours per week

-0.18(0.04) <0.001***

-0.21(0.054) <0.001***

-0.15(0.05)0.006**

Self-estimated health

-0.63(0.06) <0.001***

-0.53(0.092) <0.001***

-0.69(0.08) <0.001***

Equivalence assets were expressed in natural logs.
Study sample N=3281, men N=1522 and women N=17584.
Added control variables: marital status, number of children, work status (at work = employed), education level,
life quality (15D), work ability index, BMI, working hours per week, self-estimated health status (higher numbers
reflecting poorer health), and in addition in total analysis gender.
* = 5% significance level, ** = 1% significance level, and *** = 0.1% significance level.

Statistically significant positive associations with mPAI was found with education
level total population (p=0.03) and in men (p<0.001), better work ability index total
population (p=0.002) and in men (p<0.001) and poor self-estimated health in women
(p<0.001) and negative associations with mPAI with BMI total population
(p<0.001), in men (p<0.001), and in women (p<0.001), working hours per week total
population (p<0.001), in men (p<0.001) and in women (p=0.006) and poor selfestimated health in total population (p<0.001), in men (p<0.001) and in women
(p<0.001).
Table 10 reports the OLS annual equivalence income estimates for self-reported
frequencies of and time used in light and brisk physical activity. Equivalence annual
income was expressed in natural logs. For the physical activity category the income
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estimated coefficient measure the impact of a unit change in income level on the
index of physical activity category.
Table 10. Regression of self-reported physical activity: Equivalence annual income estimated
coefficients for frequencies and time used for light and brisk physical activity.
Total

Men

Women

Estimate (SD) Sig

Estimate (SD) Sig

Estimate (SD) Sig

Frequency of

0.001 (0.02) 0.96 N=5396

-0.02 (0.04) 0.51 N=2525

0.016 (0.03) 0.65 N=2870

light PA

R2=0.000

R2=0.000

R2=20.000

Frequency of

0.01 (0.02) 0.59 N=5546

-0.017 (0.03) 0.57 N=2587

0.02 (0.02) 0.34 N=2958

brisk PA

R2=0.000

R2=0.000

R2=0.000

Time spent in

0.01

-0.004 (0.03) 0.89 N=2514

0.02

light PA

R2=0.000

R2=0.000

R2=0.000

Time spent in

0.01

-0.03 (0.003) 0.33 N=2586

0.02

brisk PA

R2=0.000

R2=0.000

R2=0.000

(0.16) 0.55 N=5382

(0.17) 0.93 N=5539

(0.02) 0.36 N=2867

(0.00) 0.45 N=2592

Mean (SD) significance and N for physical activity, PA, categories.
Equivalence annual income was expressed in natural logs. N may vary because of missing values. Missing
observations were excluded from the analyses.
* = 5% significance level, ** = 1% significance level, and *** = 0.1% significance level.

There is no statistically significant associations between equivalence annual income
and frequency or time spent in light or brisk physical activity in our data consisting
of 7071 (3276 men and 3804 women) 45-46 years old Northern Finland 1966 Birth
Cohort (NFBC1966) members.
Table 11 reports the OLS equivalence assets estimates for self-reported frequencies
of and time used in light and brisk physical activity. Equivalence assets were
expressed in natural logs. For the physical activity category the assets estimated
coefficient measure the impact of a unit change in assets level on the index of
physical activity category.
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Table 11. Regression of self-reported physical activity: Equivalence assets estimated coefficients
for frequencies and time used for light and brisk physical activity.
Total

Men

Women

Estimate (SD) Sig

Estimate (SD) Sig

Estimate (SD) Sig

Frequency of

-0.02 (0.02) 0.14 N=4631

-0.03(0.02)0.16 N=2286

-0.02(0.02)0.46 N=2344

light PA

R2=0.000

R2=0.000

R2=0.000
0.04(0.02)0.04* N=2421

Frequency of

0.03

(0.01) 0.13 N=4769

brisk PA

R2=0.001

-0.002(0.02)0.92 N=2347
R2=0.000

R2=0.002
with control variables: 0.05(0.03)0.04*
R2=0.005
none significant control variable

-0.03 (0.01) 0.04* N=4622
R2=0.001
Time spent in
light PA

with control variables:
-0.03(0.02)0.57
R2=0.003
from control variables significant only work
ability index: 0.01(0.01)0.04*

-0.05(0.02)0.008** N=2279
R2=0.003
with control variables:

-0.01(0.02)0.78 N=2342

-0.05(0.03)0.04*

R2=0.000

R2=0.004
none significant control variable
0.05(0.02)0.009** N=2417
R2=0,003

Time spent in

0.03

(0.01) 0.1 N=4764

brisk PA

R2=0.000

with control variables: 0.05(0.03)0.048*
-0.01(0.02)0.58 N=2346 R2=0.000

R2=0.007
from control variables significant only
working hours per week:
0.03(0.04)<0.001***

Mean (SD) significance and N for physical activity, PA, categories.
Equivalence assets were expressed in natural logs.
Added control variables: marital status, number of children, work status (at work = employed), education level,
life quality (15D), work ability index, BMI, working hours per week, self-estimated health status, and in addition
in total analysis gender. N may vary because of missing values. Missing observations were excluded from the
analyses.
* = 5% significance level, ** = 1% significance level, and *** = 0.1% significance level.

Higher equivalence assets are statistically significantly negatively associated with
time used in light physical activity in total population (p=0.04) and in men (p=0.008)
and positively with frequency of brisk physical activity (p=0.04) and time spent in
brisk physical activity (p=0.009) in women. The explanatory power (R2) of the
models varies between 0.001 and 0.003. This implies that although the results
demonstrated an association between assets and some physical activity outcomes, in
overall, the magnitude of the variables used in the model in predicting physical
activity is relatively modest. The negative association between time used in light
physical activity in men (p=0.04) and positive associations between frequency of
brisk physical activity (p=0.04) and time spent in brisk physical activity (p=0.048) in
women remain statistically significant across the inclusion of control variables with
the explanatory power (R2) of 0.004-0.007, which implies relatively modest
magnitude of the variables used in the model in predicting those physical activity
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outcomes. From the control variables only work ability index has positive association
with time spent in light physical activity in total population (p=0.04), but it does not
have that kind of power in analysis according genders and weekly working hours has
positive correlation with time spent in brisk physical activity in women (p<0.001).
In summary, in our data the women have higher physical activity than men. Men
have higher equivalence annual income, better self-estimated health, higher life
quality according to 15D, higher BMI and use weekly more time for work than
women. There are differences in education level between genders. Working outside
home is more usual in men than women and higher percent of women have part-time
work compared to men. Entrepreneurship and working in leading positions are more
usual in men than women.
Comparing the means of mPAI and self-reported physical activity outcomes between
equivalence income quartiles indicates that individuals with higher income have
higher physical activity. The results of the ordinary least squares regressions, OLS,
indicate that higher income associates statistically significantly with higher physical
activity in total population and both in women and men. Only the relationship
between income and mPAI remains statistically significant across the inclusion of
control variables in men with explanatory power (R2) of 0.15, which can be regarded
as relatively good. According to OLS, education level in total population and in men,
and better work ability index in total population and in men have statistically
significant positive associations and BMI in total population and in both genders,
working hours per week and in total population and in both genders and poor selfestimated health in total population and in both genders have statistically significant
negative associations with mPAI. The results of the ordinary least squares
regressions, OLS, indicate that there are no statistically significant associations
between equivalence annual income and frequency or time spent in light or brisk
physical activity.
Comparing the means of mPAI and self-reported physical activity outcomes between
equivalence assets quartiles indicates that individuals of the 2nd highest quartile have
the highest physical activity in total population and in men but women in the highest
quartile have the highest physical activity. Women in the highest quartile of assets
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participate more frequent to and use more time in brisk physical activity than those in
lower quartiles, but in men the highest amount of time used in brisk physical activity
is found in the two middle equivalence assets quartiles. The results of the ordinary
least squares regressions, OLS, indicate that higher assets are associated statistically
significantly with higher physical activity in total population and in women but not in
men. The relationships between assets and mPAI disappear by the inclusion of
control variables. According to OLS, education level in total population and in men,
and better work ability index in total population and in men have statistically
significant positive associations with mPAI and BMI in total population and in both
genders, working hours per week and in total population and in both genders and
poor self-estimated health in total population and in both genders have statistically
significant negative associations with mPAI. The results of the ordinary least squares
regressions, OLS, indicate that higher equivalence assets are statistically significantly
negatively associated with time used in light physical activity in total population and
in men and positively with frequency of brisk physical activity and time spent in
brisk physical activity in women. The magnitude of assets in predicting physical
activity is relatively modest. The negative relationship between time used in light
physical activity in men and positive relationship between frequency of brisk
physical activity and time spent in brisk physical activity in women remain
statistically significant across the inclusion of control variables. In addition to assets
also work ability index has positive association with time spent in light physical
activity in total population, but it does not have that kind of power in analysis
according genders and weekly working hours has positive correlation with time spent
in brisk physical activity in women.
The association between economic success and physical activity may be spurious and
stemmed from unobserved factors that correlate with income and physical activity or
with assets and physical activity like individual´s personality and ability. Also the
findings may be biased by reverse causality. For example, physical activity has
reported to have a positive impact on labour market returns (Long & Caudill 1991,
Barron, Ewing & Waddel 2000, Lechner 2009, Kosteas 2012, Hyytinen & Lahtonen
2013, Kari, Tammelin, Viinikainen, Hutri-Kähönen, Raitakari & Pehkonen 2016b).
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In our study physical activity, household annual income and assets were self-reported
and that may contain errors that bias the coefficients. Remembering the last year´s
household income and current net assets may be unreliable.
Unlike we hypothesized high income was positively associated with higher physical
activity after adjusting with potential confounding factors only in men and no
association with time spent in sports and income was found. After adjusting with
potential confounding factors high equivalence assets were positively associated with
higher participation in brisk physical activity and time spent in brisk physical activity
in women and negatively associated with time used in light physical activity in men.
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5

DISCUSSION

In this study of population of 45-46 years aged Northern Finland 1966 Birth Cohort
(NFBC1966) members (N = 7071, men N= 3267, women N=3804) individuals with
higher equivalence income have higher physical activity and individuals of the 2nd
highest quartile of equivalence assets have the highest physical activity in total
population but among women the highest quartile have the highest physical activity.
The women have higher physical activity than men. In our data higher physical
activity correlates with higher income and women in the highest quartile of assets
participate more frequent to and use more time in brisk physical activity than those in
lower quartiles, but in men the highest amount of time used in brisk physical activity
is found in the two middle equivalence assets quartiles. In our study after adjustment
with potential confounding factors high annual equivalence income is positively
associated with higher physical activity in men (p=0.004). High assets are positively
associated with higher participation in brisk physical activity (p=0.04) and time spent
in brisk physical activity in women (p=0.048) and negatively associated with time
used in light physical activity in men (p=0.04).
In our study women have higher physical activity than men like in the other Finnish
study of Kari et al (2015) but controversially than studies in American population in
which men seem to be more physically active than women (Kosteas 2002,
Humphreys & Ruseski 2006, Meltzer & Jena 2010, Humphreys & Ruseski 2011).
Our results are not completely consistent with previous studies which have suggested
that income and self-reported physical activity have a positive association
(Humphreys & Ruseski 2006, Lechner 2009, Meltzer & Jena 2010, Humphreys &
Ruseski 2011, Kosteas 2012, Eime et al 2015, Kari et al 2015). In our study the
modified physical activity index, mPAI, varies statistically significantly with annual
equivalence income for both sexes (men p<0.001 and women p<0.001) indicating
that individuals with higher income have higher physical activity and income effect
dominates the substitution effect. These results are in line with previous literature
(Humphreys & Ruseski 2006, Lechner 2009, Meltzer & Jena 2010, Humphreys &
Ruseski 2011, Kosteas 2012, Eime et al 2015, Kari et al 2015). The modified
physical activity index, mPAI, varies also statistically significantly with equivalence
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assets for both sexes (p<0.001 and p=0.005). Individuals of the 2nd highest quartile of
equivalence assets have the highest physical activity in total population and in men
but women in the highest quartile have the highest physical activity. This would
indicate that wealthier women had higher physical activity reflecting the role of the
income effect, but in men the highest quartile of assets deals with diminishing
physical activity and the substitution effect of opportunity cost of time would
dominate.
In ordinary least squares (OLS) regression model higher income associates
statistically significantly with higher physical activity in total population with
estimate of the association between physical activity and income 0.16 (p<0.001) and
both in women with estimate 0.12 (p<0.001) and men with estimate 0.31 (p<0.001),
but after the inclusion of control variables only the association between high income
and higher physical activity in men remains statistically significant with estimate
0.14 (p=0.04) and all the relationships between assets and mPAI disappear. The
estimate of the association between physical activity and income in men decreases
from 0.31 to 0.14 by inclusion the control variables. In the study made by Kari et al
(2015) the estimate of the association between self-reported and pedometer-based
physical activity and income in women and the estimate of the association between
self-reported physical activity and income in men did not suffer from inclusion of
control variables (socioeconomic characteristics, health status, family background
factors).
In our data there is no difference in physical activity outcomes between annual
equivalence income quartiles. Women in the highest quartile of assets participate
more often to and use more time in brisk physical activity than those in lower
quartiles, but in men the highest amount of time used in brisk physical activity is
found in the two middle equivalence assets quartiles. Concerning light physical
activity this kind of differences were not found. By using ordinary least squares
(OLS) regression model association with income and frequency of and time spent in
sports was not found and there are not statistically significant associations between
equivalence assets and frequency of or time spent in light physical activity among
women. The results of the ordinary least squares regressions, OLS, indicate that
higher equivalence assets are statistically significantly negatively associated with
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time used in light physical activity with estimate of the association between physical
activity outcome and assets -0.03 in total population (p=0.04) and in men with
estimate -0.05 (p=0.008) and positively with frequency of brisk physical activity
with estimate 0.04 (p=0.04) and time spent in brisk physical activity with estimate
0.05 (p=0.009) in women. After the inclusion of control variables higher equivalence
assets are statistically significantly negatively associated with time used in light
physical activity in men with estimate -0.05 (p=0.04) and positively with frequency
of brisk physical activity with estimate 0.05 (p=0.04) and time spent in brisk physical
activity with estimate 0.05 (p=0.048). The inclusion of control variables kept the
assets estimate by and large intact despite the time used in light physical activity
among total population. From the control variables only work ability index has
positive association with time spent in light physical activity in total population
(p=0.04), but it does not have that kind of power in analysis according genders and
surprisingly weekly working hours has positive correlation with time spent in brisk
physical activity in women (p<0.001).
Magnitude of our model in predicting physical activity by personal economic success
is relatively modest with explanatory power (R2) variation between 0.004-0.15, but it
is in line with previous studies, for example the study by Kari et al (2015), where
explanatory power (R2) was 0.01-0.16.
Previous studies have reported exercising to become less time spending (Humphreys
& Ruseski 2006 and 2011) and more intensive (Meltzer & Jena 2010) when income
increases. In our study exactly that kind of trend is not seen at least among women.
Instead, in our study population wealthier women participate more often in brisk
physical activity and use more time in brisk physical activity than women with lower
equivalence assets, i.e. exercising becomes more intensive and intensive exercising
become more time spending when assets increase. Gronau (1977) suggested
increasing unearned income to increase leisure time activities including physical
activity but increasing wage to decrease leisure activities including physical activity.
Higher assets may affect the time allocation to physical activity same way than
unearned income. Higher income gives more possibilities to participate physical
activity and sports (Gronau 1977) and the same phenomenon seems to concern
higher assets i.e. higher assets give more possibilities to participate physical activity.
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The income effect seems to dominate the substitution effect in our study population
in women. Among men higher equivalence assets were negatively associated with
time used in light physical activity but not with time used in brisk physical activity.
Kari et al (2015) report higher income to increase the opportunity costs of leisure
time especially in male population. Higher assets seem to increase also opportunity
costs of leisure time and the effect of substitution effect may be seen in wealthier
men with time used for light physical activity by decreasing time with higher assets.
In our study there is no negative relationship between net assets and time used for
brisk physical activity although there is negative relationship between net assets and
the time used in light physical activity. Meltzer & Jena (2010) suggest increasing
intensity of exercise as income increases to be a strategy for reducing the time costs
of exercise. Our finding that among men intensive or brisk exercising does not
decrease although light exercise decreases when asset increases could reflect same
kind of strategy for reducing the time costs of exercise.
In our population of 45-46 years aged Northern Finland 1966 Birth Cohort
(NFBC1966) high income associates with high physical activity and the income
effect of opportunity cost of time is seen only in men. Higher income gives more
possibilities to participate physical activity and sports (Gronau 1977). Finding no
association between income and physical activity in women may result for example
that women may take greater responsibility in home production activities and thus
use more leisure-time for home production than men. Our results support the role of
time constraint in physical activity behaviour. The impact of income and assets to
physical activity seems to be gender specific. Also Gronau (1977) and Kari et al
(2015) assumed personal economic success, in their studies income, to affect time
allocation differently between genders.
As previous studies, we found statistically significant positive associations with
physical activity and education (reflecting socioeconomic status) (Humphreys &
Ruseski 2006, Lechner 2009, Meltzer & Jena 2010, Humphreys & Ruseski 2011,
Kosteas 2012, Eime et al 2015) in total population and in men and better work ability
index in total population and among men, but not among women.
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Statistically significant negative associations with physical activity, mPAI, was
found with working hours per week in total population, among men and among
women, which is logical because time used for work reduces the time available for
leisure including physical activity (Becker 1965, Cawley 2004, Huphreys & Ruseski
2006, Huphreys & Ruseski 2011). The lack of time is one of the most common
reported reasons to physical inactivity (King et al 2000). In ordinary least squares
(OLS) regression model after the inclusion of control variables only the association
between high income and higher physical activity in men remained statistically
significant and all the associations between high income in women and total
population and all the associations between assets and mPAI disappeared. According
to our study in physical activity decision making process the role of the time
constraint may be more important than the role of the budget constraint. This
suggestion is in line with for example the study made by Kari et al (2015).
We also found statistically significant negative associations with self-reported
leisure-time physical activity and poor self-estimated health (Humphreys & Ruseski
2006) in total population, in men and in women and with BMI in total population, in
men, and in women. Exercising promotes good health status (Colditz & Graham
1999, Physical Activity Guidelines Advisory Committee Report 2008, Lechner 2009,
Lee et al 2012, Silverman & Deuster 2014, Ruiz et al 2016). Exercise consumes
energy and thus reduces the risk of high body mass index. On the other hand, with
normal weight exercise is easier compared to having overweight and higher body
mass index or poor health can also make exercising unpleasant and laborious and
thus reduce exercising or make exercising impossible.
Controversially reflecting the previous data, we did not found associations between
physical activity with marital status (Lechner 2009, Humphreys & Ruseski 2011) and
number of children (Humphreys & Ruseski 2006, Lechner 2009, Humphreys &
Ruseski 2011).
In OLS analyses concerning assets and self-reported physical activity categories with
control variables, work ability index has positive association with time spent in light
physical activity in total population, but it does not have that kind of power in
analysis according genders or with time spent in brisk physical activity, and working
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hours per week has surprisingly positive association with time spent in brisk physical
activity in women. Exercising requires time and lack of time prevent regular
exercising (King et al 2000). The total time available is 24h/day (Becker 1965,
Cawley 2004) and time used for work reduces the time available for leisure including
physical activity (Becker 1965, Cawley 2004) so when working hours per week
increase would be logical that time used for leisure and physical activity decrease.
Our findings are somewhat controversial with previous studies (Humprheys &
Ruseski 2006, Kosteas 2012, Melzer & Jena 2010, Humprheys & Ruseski 2011, Kari
et al 2015). Previous studies based on self-reported data of physical activity and
economic success have suggested to higher individual earnings (Kosteas 2012) and
income (Humprheys & Ruseski 2006, Humprheys & Ruseski 2011, Kari et al 2015)
and higher family income (Melzer &Jena 2010) to associate with higher physical
activity, higher individual income to associate with decreased time spent in physical
activity (Humprheys & Ruseski 2006) or increased time spent in physical activity
(Humprheys & Ruseski 2011) and higher family income to associate with increased
time spent in and intensity of physical activity (Meltzer &Jena) in both genders. Kari
et al (2015) reported to higher income to have positive association with measured
physical activity in women and negative or non-existing in men. In addition to
income we used net assets as a variable of personal economic success. After
adjustment with potential confounding factors we found that high annual equivalence
income is positively associated with higher physical activity only in men (p=0.004)
and in women high assets are positively associated with higher participation in brisk
physical activity (p=0.04) and time spent in brisk physical activity (p=0.048) and in
men negatively associated with time used in light physical activity (p=0.04). We
used self-reported physical activity and OECD-modified (Hagenaars et al 1994)
equivalence income and assets calculated from self-reported annual family income
and household net assets. None of the previous studies had used the OECDmodification in economic success variables. We had population based same aged
(45-46 years) data which included all living situations, all health statuses, both public
and private sector and all industry sectors jobs. The previous studies have used
random samples, Kosteas (2012) used 33-41 years Americans with strong labour
market attachment (N=12 686), Humprheys and Ruseski used in 2006 random
sample of older than 18 years Americans (N=175 246) and in 2011 25-54 years old
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employed (N=158 964), Melzer and Jena used representative sample of adult
Americans (N=10 853) and Kari et al (2015) use random sample of 34-49 years
Finns consisting of six different age cohorts. Our sample is cohort based and thus
representative. Our data consists of 7071 45-46 years old Northern origin Finns
(3276 men and 3804 women). Our data is about 10 times bigger than the previous
Finnish study (Kari et al 2015). All these facts could explain the differences of
results of our study and the previous studies.
This study has some limitations. Collecting physical activity data and income data by
questionnaires may lead a cognitive bias. The types of exercising were not taken
account, so the physical activity variable of his study is not ideal. There is also a
possibility of omitting bias if some unstudied variables, for example discipline, affect
both participation in regular exercise and the personal economic success and distort
the result of the study. The causality is not possible to estimate because of the crosssectional nature of our study. As indicator of personal economic success we used
household annual income and household assets. To alleviate the possible
misclassification we estimated the usable income and assets for an individual from
the self-reported household income by using the OECD-modified equivalence scale
(Hagenaars et al 1994). We had no pure wage information, and we included income
data also unearned income (pensions, capital, governmental assistance programs) in
addition to income earned from work, and asset and non-asset family income, so the
hourly wage and exact time cost or shadow price of leisure time is not possible to
calculate. According to economic theory of household production model, time
allocation decisions depend on opportunity cost of time which is related to the hourly
wage (Becker 1965), so data including unearned income and family income are not
ideal for estimating opportunity cost of time. Even if our study is a population based
study, members of the cohort (3276 men and 3804 women) are nowadays living all
over Finland consisting of cities and communities with different sizes, situations,
climate, geography and supply of goods and services and those differences generate
for example variation in possibilities to sports and travel costs of physical activity.
Those factors affect physical activity decisions and via that results of this study. Also
the suitability of the used econometric method, OLS, is a bit doubtful in case of
analyzing associations between equivalence annual income and frequencies of and
time spent in physical activity in general and between equivalence assets and
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frequencies of and time spent in physical activity in men and between equivalence
assets and frequencies of and time spent in light physical activity in women, because
these physical activity variables variation by previous mentioned economic success
quartiles seems non-existing or at least not-linear (Tables 4-6).
Recognizing different underlying factors affecting the individuals’ exercise decisions
and taking those factors account is the only way to manage to develop effective
physical activity promoting programs (Gratton & Taylor 2000). Personal economic
factors have an important role in physical activity decisions and in determining
leisure time allocation. Better personal economic success generates possibilities to
attend exercising and also changes in the opportunity cost of time. In relation to
participation in physical activity individuals aim to decision that maximizes their net
benefit including momentary pleasure and expected health benefits and minimizes
the costs including time costs, loss of money and earnings. Instead of normative
nature of medicine about what an individual should be done and how to behave to
improve health and via that the economy of the society, economics aims to same
goals by promoting physical activity by incentives and price planning based on the
information of decision-making process of allocation of limited time resources
(Cawley 2004). It is very important to find out the underlying factors affecting the
individuals’ exercise decisions to be able to design effective mechanisms and
interventions to increase daily physical activity and in order to focus all the time
decreasing resources of society wisely to increase physical activity and promote
health. The power of temptation to immediate gratification of sedentary life could be
reduced at the expose of long-run best interests by for example taxation methods and
profit incentives for enjoyable and efficient exercise equipment (Cawley 2004). Also
creating more local, near situating and free exercising facilities would be efficient.
Also the economic approach has some limitations. Economics offers no guidance on
the origin of individuals´ preferences or how easily they may be changed and
rationality may devote in the real world. Also the definition of right amount of
efficiency to sacrifice for social values is not possible by economics´ manners. Multiprofessional approach (Cawley 2004), co-operation with medicine and economics
and also with psychology and pedagogy, concerning factors affecting decisions to
participate, spent certain amount of time and of intensity of exercise is needed. Only
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multi-professional studies produce large-scale research results and multi-professional
approach promotes innovative breakthroughs.
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6

CONCLUSIONS

We were interested in associations with personal economic success and physical
activity in population of 45-46 years aged Northern Finland 1966 Birth Cohort
(NFBC1966) (N = 7071, men N= 3267, women N=3804). We conclude that high
annual equivalence income is positively associated with higher physical activity in
men and high assets are positively associated with higher participation in brisk
physical activity and time spent in brisk physical activity in women and negatively
associated with time used in light physical activity in men.
Compared to previous Finnish study (Kari et al 2015) concerning the same field we
found partly same kind and partly controversial findings about associations between
personal economic success and physical activity behavior. According to both studies,
in our study and the study of Kari et al (2015), women have higher physical activity
than men and individuals with higher income have higher physical activity, the
impact of personal economic success to physical activity seems to be gender specific
and the role of the time constraint may be suggested to be more important than the
role of the budget constraint in physical activity decision making process.
In our study in ordinary least squares (OLS) regression model higher income
associates statistically significantly with higher leisure-time physical activity after
the inclusion of control variables only in men and the estimate of the association
between physical activity and income in men decreases from 0.31 to 0.14 by
inclusion the control variables. In the study made by Kari et al (2015) higher income
associated with higher self-reported physical activity in both genders, but with
pedometer based physical activity income had positive association in women and
negative association for aerobic steps and non-existing association for total steps in
men. In the study made by Kari et al (2015) the estimate of the association between
self-reported and pedometer-based physical activity and income in women and the
estimate of the association between self-reported physical activity and income in men
did not suffer from inclusion of control variables (socioeconomic characteristics,
health status, family background factors). According to our study, wealthy women
with high time costs participate more often in brisk physical activity and use more
time in brisk physical activity than others. In our study population there is negative
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relationship between the time used in light physical activity, but not in time used in
brisk exercise, and assets in men. Kari et al (2015) reported income to associate with
aerobic steps as well on weekdays as on weekend days among women and with total
steps on weekend days and among men income to associate negatively with aerobic
steps measured on weekdays reflecting higher income to increase the opportunity
costs of leisure time especially in male population.
Magnitude of the models of our study and the study of Kari et al (2015) model in
predicting physical activity by personal economic success are in line with
explanatory power (R2) variation between 0.004-0.15 in our study and between 0.010.16 in the study of Kari et al (2015).
Kari et al (2015) used random sample, N=753, of 34-49 years Finns consisting of six
different age cohorts. Our sample is cohort based and thus representative. Our data
consists of 7071 45-46 years old Northern origin Finns (3276 men and 3804 women)
and is about 10 times bigger than the previous Finnish study (Kari et al 2015). Kari et
al (2015) used as personal economic success variables individual self-reported
income and register-based individual annual wages and salaries. We use as personal
economic success outcomes self-reported OECD-modified (Hagenaars et al 1994)
equivalence annual income and in addition to income we use also OECD-modified
(Hagenaars et al 1994) equivalence assets. Kari et al (2015) used as physical activity
variables self-reported leisure-time physical activity, PAI (Telama et al 2005) and
pedometer registered daily total steps (leisure-time and occupational steps) and
aerobic steps. We used as physical activity variables modified physical activity
index, mPAI, which is a modified version of the physical activity index used by Kari
et al (2015) and self-reported frequencies of light and brisk leisure time physical
activity and usual time used for light and brisk leisure time physical activity.
According to our study, income, assets and opportunity costs of time seem to be
important determinants of decision to participate to physical activity like previous
literature suggests (Humphreys & Ruseski 2006, Meltzer & Jena 2010, Humphreys
& Ruseski 2011, Kari et al 2015), but as Kari et al (2015) suggested we conclude that
there may be differences between genders.
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This study has some limitations. The limitations deal with omitting variables,
physical activity data collection, income data collection and the decisions to include
also unearned income in income data.
Based on this study personal economic success may be linked to physical activity
decisions of individuals and via that in personal health and society economic. The
impact of income and assets to physical activity seems to be gender specific. Some
other factors like education, health status and working hours per week affect the
decisions and possibilities to exercise.
Physical activity is an important tool in preventing diseases and it can be used like a
medicine (Vuori, Lavie & Blair 2013). Promotion of physical activity is one of the
most important methods in aiming to save health care costs. It is very important to
understand the underlying factors affecting the individuals’ exercise decisions to be
able to design effective mechanisms, interventions and incentives to increase daily
physical activity and in order to focus all the time decreasing resources of society
wisely to increase physical activity, promote health and save the money. Different
strategies may motivate different individuals to increase exercising (Humphreys &
Ruseski 2011). Individuals with different personal characteristics, like gender,
discipline, education, stance, working status, personal economic success and
opinions, may respond differently to physical activity promoting strategies.
Because the opportunity cost of time and economic resources seem to have an
important role in decisions concerning physical activity participation effective
physical activity promoting strategies might be lower market prices of physical
activity participation and equipment, free possibilities to exercise, high availability of
exercise environments, possibilities to exercise near home or working place, and
general and acceptable information. As Cawley (2004) states, information of
physical activity and affecting factors as well as positive health and economic effects
of physical activity should be perfectly accurate, objective, out of the reach of the
affection of advertising, easily accessible and available and easy to understand so
that individuals and policymakers may process it quickly and easily.
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More studies concerning individual physical activity decisions and affecting factors
are needed. Especially multi-professional approach and new perspectives are
required. We studied differences between genders, but for further studies differences
especially between different work statuses like entrepreneurs vs. employees,
employed vs. unemployed and those working in leading positions vs. lower workers
and effect of time spent in working to physical activity might be informative subjects
of interest. Using measured physical activity and register-based income, especially
wage, instead of self-reported would make the results of studies more reliable. Also
longitudinal studies, which make the causality estimation possible, are needed. In
addition, studying the possible differences and preferences in the types of physical
activity associating to personal economic success would be interesting extension for
the current knowledge of personal economic success and physical activity.
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