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Chapter |1|
Chapter 1. Introduction
In the beginning of the 20th century, the great economist John Maynard Keynes based his
ideas of economics on the notion that it should be possible for any man to pursue ‘the good
life’ (Keynes, 1973). Some 2300 years earlier, Greek philosopher Aristotle noted that ‘the
state comes into existence for the sake of life and continues to exist for the sake of good life’
(Ameriks & Clarke, 2000). Naturally, the question of what this ‘good life’ consists of is a
philosophical one, just as it is a personal one, and continues to be debated. Keynes and
Aristotle saw the good life as a moral concept of a life that is worth being lived and has virtues,
such as honour, wisdom and pleasure (Carabelli & Cedrini, 2018). Both Keynes and Aristotle
believed that to achieve the good life, it requires a basic level of material needs (Carabelli &
Cedrini, 2018). As such, economic activities can be seen as just the means to an end: the good
life. According to Keynes, the task of economists should be to investigate the economic
dynamics and conditions for the good life. He believed that the government should play an
important role to supply these preconditions, since the market fails to deliver many of the
social goods that make life meaningful, including ‘parks, squares, playgrounds (…) and every
delight which skill and fancy can device’ (Keynes, 1973). For Keynes personally, the good life
consisted to a considerable extent of enjoying the arts (Carter, 2021). Being part of the
Bloomsbury group, that included writer Virginia Woolf and painter (and his occasional lover)
Duncan Grant, Keynes collected paintings, frequented theatres and he became intoxicated by
ballet, when he saw a performance of Tchaikovsky’s Sleeping Beauty, starring his future wife
Lydia Lopokova (Carter, 2021). Today, for many people the good life consists to a
considerable extent of a whole set of leisure time activities, including enjoying the arts, but
also gardening, playing video games or practicing or spectating sport.
Although linking Keynes and Keynesian economics to leisure, sport and health seem
a little far-fetched at first, his philosophical idea of ‘the good life’ may be a good frame for
understanding the current-day aims and actions of individuals, groups and societies. In the
times of Keynes (early 20th century), sport was a niche but upcoming leisure activity for
mainly the well-to-do. Since then, living standards have improved, leisure time increased and
sport transformed to an integral part of the whole society (Coalter, 2007). Today, many
people spend a considerable amount of time and money on practicing or watching sport. As
a result, some sport leagues (such as the Premier League Football, National Basketball
Association, National Football League and Major League Baseball) have become multi-billion
enterprises (Bradbury, 2019). In the Netherlands alone, sport-related expenditure is around
1

€15 billion per year and the total value added of the complete Dutch sport sector is €7 billion,
or 1.0% of GDP (CBS, 2019a). The organizational aspects of professional sports have been
intensively researched by sport economists, the literature on the economic and social aspects
of participation sport has been relatively limited. At the same time, from a public health
perspective, sport participation has often been regarded as merely a form of physical activity.
The effects of physical activity in general on health outcomes have been researched
quite extensively. Physical activity has been a proven contributor to a longer life, as well as to
the quality of life (Anderson et al, 2000; Jeon et al., 2007). Although sport participation is
seen as an important - among children possibly even a key - way to stimulate physical activity
and thus to promote health (Krustrup, Dvorak and Bangsbo, 2016), research on the health
effects of sport participation, and specific aspects thereof, has been relatively limited,
compared to those for physical activity in general. This is surprising, given the substantial
public and private investments in sport. In the Netherlands government direct and indirect
spending on sport is around €3.5 billion annually (CBS, 2019). However, this number is just
a fraction of public spending on health care, which adds up to over €80 billion annually
(VWS, 2020). Indeed, containing the costs of health care has become a major objective for
many governments, with sport and physical activity increasingly being seen as potential
means to this end.
There are many questions about the relationship between sport and public health in
terms of possible health benefits of sport participation as well as its potential to contain
health care costs. The objective of this thesis is to provide some fundamental insights on the
role of sport participation in public health. We will investigate the relationship between sport
participation and health outcomes, such as mortality and the incidence of diabetes. Since
health is distributed very unequally across different subpopulations (with for example a low
socioeconomic status being associated with relative poorer health and lower life expectancy),
we are also investigating which role sport participation plays with regard to health
inequalities. In this thesis the term health inequality refers to differences in health between
individuals or groups. According to Kawachi, Subramanian and Almeida-Filho (2002), any
measurable aspect of health that varies across any socially relevant groups or can be called a
health inequality. Furthermore, we investigate to what extent there are socioeconomic
differences in health care costs and to what extent sport and physical activity play a role in
these differences.
Before presenting the research of this thesis, this chapter gives some context on the
major themes of this thesis. We start with providing background information on
socioeconomic inequalities (1.1), health (1.2), health care costs (1.3) and physical activity and
sport participation (1.4). This will then lead to the rationale for the main research questions
of this thesis (1.5). Finally, this chapter will end with an outline of the following chapters (1.6).
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1.1

Socioeconomic inequalities

Keynes envisioned a world in which it would be possible for anyone to enjoy the good life
(Keynes, 1973). Since the death of Keynes in 1946, the world has seen unprecedented
economic growth in the 75 years that followed. In many countries the standard of living has
increased enormously, and for many individuals the good life has materialized, although not
often with a 15-hour work week, as Keynes famously predicted in 1930 (Keynes, 1973). Since
1950, real economic growth (at Gross Domestic Product per capita, corrected for purchasing
power parity), has been around 400% for the Netherlands and 350% for the world (Bolt &
Van Zanden, 2020). However, the new prosperity is not universal. While in East Asia average
GPD per capita is now more 14-fold the 1950-level, Sub-Sahara Africa, experienced only a
modest growth of 250% over that same period (Bolt & Van Zanden, 2020). Not only between,
but also within countries, large socioeconomic inequalities exist. Figure 1.1 shows the
distribution of the disposable household income in the Netherlands. The decile (10% of the
households) with the lowest incomes have an average disposable income of around € 11.000.
This amount is on average ten times larger for the 10% highest earners. This inequality is
relatively modest compared to other countries, due to a relatively large governmental
redistribution of income. Government benefits for, among others, unemployment,
disabilities and old age, are important reasons why the Netherlands has one of the most equal
distributions of income in the developed world. The Gini coefficient, which measures the
inequality of a certain distribution on a scale of 0 (perfect equality) to 1 (maximum
inequality), is around 0.3 for disposable income in the Netherlands.
Figure 1.1 Distribution of disposable household income in the Netherlands (2019)
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While income inequalities in the Netherlands have been relatively small and more or
less stable in recent decades, the distribution of wealth tells a different story. According to
Van Bavel and Frankema (2015) the Gini coefficient of private wealth inequality ranges
between 0.8 to 0.9, which is high, even in comparison with other developed countries. Table
1.2 shows the distribution of net wealth including and excluding home-ownership. While the
‘poorest’ half of the country have a combined wealth that is neglectable, or - when homeownership is included – negative, the richest ten percent of households have almost one
million euros of net wealth each, or over 1.3 million euros when home-ownership is included.

Average household wealth (x €1,000)

Figure 1.2 Distribution of net wealth in the Netherlands (2019)
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Income inequality in the Netherlands has been more or less stable since the beginning of
the century, while many other developed countries have seen a (slight) increase in income
inequality. To some extent the combination of a relatively equal distribution of income and a
healthy economic growth rate can be explained by a shift in educational level. In the
Netherlands, the fraction of the population that has completed higher education has steadily
increased over the last decades (Figure 1.3). Currently, among individuals aged 25 to 65, high
educated (i.e. persons with a degree in higher vocational or scientific education) are the largest
group. Their share has increased from around 25% in 2003 to over 40% in 2020. Over the same
period the share of the low educated (i.e. persons with only primary education or preparatory
secondary vocational education or lower vocational education as their highest finished
educational level) dropped from one in three adults to less than one in five.
There are many societal effects of both the economic growth and the socioeconomic
inequalities that are described above. These include personal development, morality and
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delinquency (Robert & House, 2000). We will now turn our attention to another topic that is
also one of the most important products of an unequal distribution of income and wealth:
inequalities in health and well-being (Marmot, 2003).

Figure 1.3 Development of educational levels in the Netherlands among 25-65 year-olds
(2003-2020)
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Source: CBS (2021b). Educational level refers to an individual’s highest completed educational level.
Low education is primary education or preparatory secondary vocational education or lower
vocational education as their highest finished educational level. Middle education is higher secondary
education or middle vocational education. Higher education is higher vocational education or
university.

1.2

Socioeconomic inequalities in health

In the past centuries, living conditions and medical knowledge have improved enormously.
As a result, health has improved considerably, for populations worldwide. For instance, since
1960, the average life expectancy in many Western European countries has increased from
around 70 years to over 80 years (see fig. 1.4). However, not every individual profits equally
from these health improvements. The socioeconomic differences discussed in the section
above have also had an effect on the distribution of health. For example, the life expectancy
for residents of poor countries is much shorter than for residents of wealthy countries
(Marmot, 2015). There are also major health inequalities within countries that are related to
socioeconomic inequalities. In the Netherlands, average life expectancy for the lower
educated is 79.3 years, while it is 4.5 years higher for the higher educated (Figure 1.5). A
similar gradient can be observed for income levels, with the lowest income group having a
life expectancy that is even seven years lower than for high income groups (Figure 1.6).
Moreover, there is no indication that these socioeconomic health inequalities are narrowing.
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Figure 1.4 Life expectancy at birth, selected countries (1960-2018)
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Figure 1.5 Life expectancy at birth in the Netherlands, by educational level (2007-2018)
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Figure 1.6 Life expectancy at birth in the Netherlands, by income level (2004-2017)

85
83
80.8

81

81.7 82.2

79
77

83.4

83.3

84.2 84.5

81.8

83.9 84.3

81.5

77.1

77.0

76.4

83.1

75
2004-2007
Lowest income level

2011-2014
Low middle income level

2014-2017
Middle income level

High middle income level Highest income level
Source: CBS (2019c). Income levels defined by standardized disposable household income distribution in
quintiles (i.e. Lowest income level is lowest 20% disposable household incomes).

6

When comparing health statuses over the life span, socioeconomic differences are
even greater. Healthy life years expectancy is the number of years that an individual of a
certain age is expected to live in good health, defined as the absence of reports of chronic
diseases or physical disabilities or as good perceived physical and psychological health
(Hyder, Rotlland & Morrow, 1998). Figures 1.7 and 1.8 show the expected healthy life years
at birth, defined by good perceived health, by education and income level, respectively. There
is a difference of 13.5 healthy life years between the lowest and highest education level in the
Netherlands. An individual from the lowest income group will expect to have 20 years less
years in a good health condition than someone from the highest income category. In recent
decades, these differences seems to be increasing rather than decreasing. So, despite the fact
that the Netherlands has a relatively equal income distribution and a large social security
system, large differences exist in health outcomes (Mackenbach & Stronks, 2002).
In recent decades, the attention for health inequalities has increased substantially.
These inequalities are not simply a matter of income or wealth, nor are they just individual
choices. According to Lahelma et al. (2004), education, occupational class and income are
partially independent and partially inter-dependent determinants of health. Moreover, for
someone with a low-socioeconomic status, the chances are relatively high that he or she is
doing physically demanding work, living in poorer housing or running into debt (Marmot,
2005). These circumstances, in turn, may cause uncertainty, stress, limited self-esteem and
less self-reliance (Marmot, 2015). In addition, low literacy plays a hindering role in, for
example, developing a healthy lifestyle or finding the way to (preventive) health care. In
addition, healthy, as well as unhealthy, habits are often passed on from parents to children
(Adler, 1999). A parent's nutrition and physical activity pattern is often a good predictor of
the same behavior of his or her child (Lobstein et al, 2004). As a result, socioeconomic health
inequalities carry through from one generation to the next. This is not only due to genes and
individual behavior, but is also a result of conscious and unconscious social and political
choices (Marmot, 2015). An example of this is the education system (e.g. in the Netherlands),
where selection procedures are often less favorable for children of parents who are lower
educated (Dronkers et al., 2016). A social safety net, equal opportunities in education and
empowerment of the people at the bottom of the socioeconomic ladder are important political
elements that can also help to reduce health inequalities (Marmot, 2015).
While much attention has been paid to the socioeconomic circumstances that may play
a role in health inequalities, the role of lifestyle has only recently emerged. Several studies have
shown that socioeconomic health differences are partly related to smoking, alcohol
consumption, diet and/or physical activity. For instance, Wang and Geng (2019) show that
lifestyle in general can be seen as a mediator between socioeconomic status and both physical
and psychological health. Moreover, a meta-study by Petrovic et al. (2018) concluded that
7

separate lifestyle factors contribute to the association between socioeconomic status and health
outcomes, with smoking having the most impact. However, they also state that the contribution
of lifestyles varies by geographic location, sex, age, health outcomes and methodological
differences, including the way physical activities are defined. Until now, no study has examined
the role of sport participation in explaining socioeconomic health inequalities. Apart from
socioeconomic differences in health outcomes, other individual characteristics are also related
to health inequalities. For instance, individuals that are overweight (having a body mass index
(BMI) of 25 to 30) have a life expectancy of one year less than those on a health weight (BMI
between 20 and 25). For severely obese individuals (BMI>35) the loss of life years in almost 10
years (Di Angelantonio et al., 2016). Overweight and obesity are in particular associated with
higher risks of coronary heart disease, stroke, and cancer (Di Angelantonio et al., 2016).
Figure 1.7 Healthy life years expectancy at birth in the Netherlands, by educational level
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Figure 1.8 Healthy life years expectancy at birth in the Netherlands, by income level
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1.3

Health care costs

Improvements in health and well-being do not happen autonomously. Life expectancy and
the number of healthy life years have increased due to, among other things, a much improved
health care system. New medical knowledge and technology make it possible to have a longer
and healthier life. As a result, the demand for health care has increased enormously. New
medical interventions and medicines have arrived at considerable costs, partly because of the
large investments necessary to develop them. Currently, many countries face health care
costs that are increasing rapidly and at a pace that exceeds economic growth. Figure 1.9 shows
that in the Netherlands, health care costs grew from less than 8% of GDP in 2000 to over
10% of GDP in 2018. For other countries similar patterns are visible, with the USA spending
over 17% of GDP on health care. For many governments, containing the health care costs has
become a major policy objective.
Figure 1.9 Health care costs in selected countries, as % of GDP (2000-2018)
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Unhealthy behavior is one of the reasons for high health care costs. According to the
National Institute for Public Health and the Environment (RIVM), unhealthy behavior is
responsible for about 20 percent of the disease burden and at least 9 billion euros in health
care expenditure in the Netherlands (Hilderink & Verschuuren, 2018). Although themes such
as health prevention and healthy lifestyle are becoming increasingly prominent in the
political and public domain, their effects on health care costs are not clear-cut. Research on
the relationship between healthy behaviors and health care costs shows that the burden of
various diseases by improving lifestyle (quitting smoking, doing more physical activity, etc.)
is often beneficial in the short term, but may actually lead to higher costs later in life (Polder
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et al., 2012; RIVM, 2020). This trade-off occurs because a longer life often involves getting
more and other (more expensive) medical treatments. However, the evidence on lifestyle
effects on health care costs is relatively scarce and not without discussion. In addition, little
is known about the socioeconomic differences in health care costs. This is therefore one of
the research themes in this thesis. In addition, the role of lifestyle, especially sport and
physical activity behavior, on socioeconomic inequalities in health care costs will be
examined.

1.4

Physical activity and sport

Physical activity can be described as “any bodily movement produced by skeletal muscles that
results in energy expenditure” (Khan et al., 2012) and it consists of exercise, sport and other
(unstructured) recreation. According to McFee (2004) sport is a specific subset of physical
activity which includes an element of competition. In addition, sport consists of a set of rules
and it can be undertaken individually or as a part of a team (McFee, 2004). By contrast,
exercise consists of “planned, structured and repetitive bodily movement, the objective of
which is to improve or maintain physical fitness” (Caspersen, Powel and Christensen, 1985).
Most sports are within the limits of exercise, but some, such as mind sports, are not seen as
part exercise but are still within the limits of the physical activity definition. Figure 1.10 shows
a graphical representation of physical activity, sport and exercise in this framework. Other
definitions on sport focus on a broad range of individual and societal benefits. For instance,
the European Sports Charter defines sport as “all forms of physical activity which, through
casual or organized participation, aim at expressing or improving physical fitness and mental
well-being, forming social relationships or obtaining results in competition at all levels”
(European Commission, 2007).
Figure 1.10 Graphical representation of physical activity, sport and exercise

Source: Khan et al. (2012)
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In this thesis, we take a practical approach of using available data gathered through
the validated Short Questionnaire to Assess Health-enhancing physical activity (SQUASH),
which was established by RIVM, the Dutch National Institute of Public Health and the
Environment (Wendel-Vos et al., 2003). In SQUASH, sport and physical activity are
conceptually close to the definition of Khan, with the boundaries being demarcated by the
type of activity, intensity and, in the case of sport, it’s purpose. In SQUASH, all activities
during a week were recorded (self-reported), and a distinction was made between activities
at work and school; commuting activities; household activities; and leisure time activities. All
activities that generate an energy expenditure above a threshold of 3 metabolic equivalent of
task (MET-value) of 2.0, using Ainsworth's compendium of physical activities (Ainsworth et
al., 2011), are regarded as ‘physical activity’. In addition, physical activities were into three
intensity categories: light (2.0 to 4.0 MET), moderate (4.0 to <6.5 MET) and vigorous (6.5
MET or more). As a result, moderate to vigorous physical activity (MVPA) was defined as the
physical activities with a MET-value of 4.0 or more. Sport activities were reported specifically
in SQUASH as part of the leisure time activities (which also includes other hobbies such as
gardening and do-it-yourself activities). Up to four sport activities could be reported in
SQUASH, with all sports that had a MET-value of 4.0 or more included as sport in our
analysis. This means that, in this thesis, walking and cycling are not part of sport, unless they
were done as a leisure time sport discipline (e.g. mountain biking, race cycling, Nordic
walking, etc.). As a result, walking and cycling for other purposes, such as commuting, are
excluded from sport participation.
Research has shown that the choice of an individual on whether or not to exercise,
and the frequency to do so, depends to a large extent on the personal characteristics of an
individual, such as age, gender, ethnicity and leadership and economic factors such as income
and employment status (Downward and Riordan, 2007; Humphreys and Ruseski, 2006). For
sport participation, main determinants are gender, socioeconomic status, income, health,
transport, as well as alcohol consumption, smoking, having children, marriage, hours of work
and ethnicity (Downward and Rasciute, 2010). According to Poupaux and Breuer (2000), the
economic factors (such as income) may be less important than the sociodemographic factors.
From the supply side of sport, the range of sport facilities in the vicinity of the home of an
individual has a positive and significant impact on the choice to work out and the frequency
thereof (Poupaux & Breuer, 2000). Also, countries with higher sport participation have a
higher consumption rate and a higher income per capita (Eber, 2003).
It is well established that physical activity is an important determinant of health. It has
many positive health benefits, including a longer life expectancy and reduced chances of being
diagnosed with cardiovascular diseases and diabetes (Aune et al., 2016; Meigs et al, 2006; He &
Baker, 2004). Other positive health effects of physical activity include lower risks of obesity as
11

well as mental health illness such as dementia and depression (Reiner et al., 2013; Chekroud et
al., 2018). There is also a considerable amount of knowledge about the economic effects of
physical activity on health. For example, the direct costs of physical inactivity in the Netherlands
are estimated at around one billion euros annually and the indirect costs, including absenteeism
and productivity loss, some 3 billion euros (Breedveld, Kamphuis and Tiessen-Raaphorst,
2008). Several studies have found a relationship between the amount and intensity of physical
activity and health indicators, such as the incidence of diseases or causes of death (see for
example Coalter, 2007; Oja et al., 2015).
Although a great number of studies on the health effects of physical activity have been
published, less empirical research has been done on the relationship between sport participation
and physical health. Eime et al. (2013) state that there is more or less consensus that
participation in sport for children and adolescents is more beneficial for both psychological and
social health than leisure-time physical activity alone. This is remarkable, since sport is much
more specific than physical activity and has particular characteristics. It stands out because it
demands specific infrastructure (sport halls, swimming pools, etc.) and opponents, as well as
coordination, for competition. To promote sport, specific policies and programs have been
installed, often financed by public funds (Van Bottenburg, 1994). Often these investments have
come from the idea that sport participation has specific social and health benefits (Steenbergen,
2004). There are several studies on the benefits of sport (see for example Coalter, 2007; and
Boonstra and Hermens, 2011). In general, sport participation is associated with an increase in
welfare (social impact), it promotes prosperity (economic impact) and also contributes to
individual well-being (utility), which includes health. Although, some of the health-related
findings are specifically drawn from research on sport, most of them have been established on
exercise in general or physical activity (Coalter, 2007). There seems to be a causal relationship
between sport participation and subjective well-being (Ruseski et al, 2014). Sport seems also to
have a clear positive correlation with quality of life and a healthy lifestyle, according to Haskell
(2007). This relationship is twofold: sport contributes to a healthy lifestyle (e.g. athletes
participate more often in non-sporting leisure activities), but conversely, people with a healthy
lifestyle also have a higher demand for, and more pleasure in, sport.
Apart from benefits, sport has also (social) costs. Direct costs are mostly related to sport
injuries (Finch and Cassell, 2006). Indirect costs are for example the loss of productivity related
to injuries or major sporting events and the opportunity costs of sport, such as when expensive
land is sacrificed for a sport field or hall (Polinder et al., 2016; Preuss, 2009). In the already
relative modest amount of research on sport participation in general, little attention is paid to
the different aspects of sport participation, such as type or amount of sport practiced, or the
social context of a sport.
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1.5

Inequalities in physical activity and sport participation

There is a clear socioeconomic gradient in being physically active (Mackenbach et al., 2008;
Beenackers et al., 2012). Figure 1.11 shows that, in the Netherlands, around 35% of the lower
educated adults performed physical activity for 150 minutes or more on a weekly basis (the
minimum amount according to the physical activity guidelines). For the last two decades, this
number has been more or less stable. For the high educated group, this figure was over 55%
in 2019, while it was less than 45% in 2001. Hence, the gap in physical activity between
educational levels has increased considerably since the beginning of the century. This
socioeconomic gradient in physical activity can in partly be explained by differences in the
availability time and money, social capital and personal beliefs about physical activity (Van
Sluijs et al., 2007; Wardle & Steptoe, 2003, Lindström et al., 2001). In addition, the
availability of facilities for sport and physical activity and a supportive physical environment
can also be important factors for physical activity behavior (Wicker et al., 2013; Giles-Corti
& Donovan, 2002).

Figure 1.11 Compliance with physical activity guidelines in the Netherlands, by
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Source: CBS (2015), RIVM (2021)

Similar to physical activity, a strong socioeconomic gradient can be found for sport
participation. Figure 1.12 shows that in 2019, over 65% of high educated individuals
participated in sport on a weekly basis, while among low educated individuals this percentage
was only 30%. Since 2011 the gap between low and high educated has also widened. The share
of weekly sport participants among high educated increased by 7 percentage points (from
59% to 66%), while for the low educated group it decreased by 4 percentage points. However,
in the first two decades of the 21st century an increase in both the average compliance with
the physical activity guidelines and the weekly sport participation, was visible. This is mainly
the result of a the strong increase of the share of high educated persons. Figure 1.13 shows
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that there is also a very substantial gap in weekly sport participation between income levels.
While sport participation in the Netherlands is just 40% in the lowest income quintile, this is
almost 70% in the highest income quintile.

Weekly sport participation
(%)

Figure 1.12 Sport participation in the Netherlands, by educational level, persons aged 25
and over (2001-2019)
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Figure 1.13 Weekly sport participation in the Netherlands, by income level, 2019
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Source: RIVM (2020). Income levels defined by standardized disposable household income
distribution in quintiles.

1.6

Objectives and research questions

Summarizing, socioeconomic differences translate to differences in sport participation and
health outcomes. These inequalities are the focal point of the studies that are presented in this
thesis. We investigate the role that physical activity and especially sport participation has on
health outcomes, such as mortality and the incidence of type 2 diabetes mellitus. In addition, we
look at the role of physical activity on socioeconomic differences in these health outcomes as well
as health care costs.
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The main aim of this thesis is to make a significant contribution to understanding to what
extent sport participation, as well as physical activity in general, contributes to health and what
role sport plays in socioeconomic inequalities in health and health care costs. Also, we will try to
expand the knowledge on specific aspects of sport and physical activity in relation to health and
health care costs and their inequalities. In this research, we will address the differences between
being physically active in general and participating in sport in general. Our research should
contribute to more evidence-based decisions with regard to public health, lifestyle and, in
particular, sport. We hope our research will help improve sport, physical activity and health
decisions by public policymakers, private companies and individuals.
The main research question of this thesis is: what is the relationship between sport
participation and physical activity on the one hand and health and health care costs and their
inequalities on the other? To answer this question, the first issue that we address is to establish
the contribution of sport to health and to what extent differences in sport participation
contribute to socioeconomic differences in health outcomes. This analysis includes delving into
different aspects of sport participation, such as the amount, intensity and type of sports
practiced. In addition, we stratify the outcomes for sport participation by socioeconomic levels,
and compare the outcomes with those for physical activity in general. Next, we investigate
whether there are differences in the association of participating in sport and physical activity
with health outcomes with regard to inequalities in the individual’s initial health status, by
stratifying the population by body mass index levels. The second issue we examine is the
relationship between sport and physical activity on the one hand and possible socioeconomic
inequalities in health care costs. We do this by first investigating to what extent a neighborhood’s
health care costs is related to its socioeconomic status. This is followed up by an investigation of
the role of sport and physical activity, as well as other lifestyle factors, in explaining the
inequalities in health care costs between as well as within groups of neighborhoods with similar
socioeconomic statuses. Finally, we investigate to what extent the Covid-19 pandemic has had
an impact on socioeconomic differences in physical activity behavior.
In our research, we conceptually follow Grossman's model of health production (1972),
where an individual is both seen as a producer and a consumer of health. Within this framework,
physical activity (and participating in sport) features as an input for health. Additionally, lifestyle
factors, including sport participation, can also be seen as a consumption good which enhances
the individual’s utility directly (e.g. doing sport itself is enjoyable) and indirectly (sport
participation may increase life expectancy and thus the time available for doing enjoyable
activities and consuming goods and services). Since improving health comes at a cost, it is also
interesting, from a societal perspective, to get a better understanding of the role of these lifestyle
behaviors on health care costs. In our research, we regard the individual’s decision whether to
participate in sport (or physical activity) and, for instance, the amount and type of sport as
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exogenous variables, as we investigate whether they have an effect on several health outcomes.
However, we realize that those decisions are not just independent, rational decisions. In reality,
they can be influenced by many personal, social, mental, moral, psychological, environmental,
as well as health factors. Although the causal relationship between sport and health runs both
ways, our research mainly focus to the impact of sport and physical activity on health and health
inequalities, while taking into account the initial health status (by including covariates), where
possible. In Chapter 3, we delve deeper into the role of an individual’s initial health status with
regard to the relationship between physical activity and health.
All projects were carried out with data for the Netherlands, with three projects (chapters
2, 3 and 6) using individual level from the Lifelines cohort study, which comprises around
167,000 people from (mainly) the northern part of the Netherlands. For each research question
a separate dataset was constructed which included only the individuals for which reliable and
complete data was available for all relevant variables. This means that the sample sizes differ
between the chapters and even within a chapter between datasets for different health outcomes.
For the two projects on health costs (chapters 4 and 5), neighborhood level data that represent
the full Dutch population were used, by combining data from Vektis (on health care costs),
Statistics Netherlands (socioeconomic indicators) and other sources. For socioeconomic
differences we use income levels and educational attainment (at the individual level) and
socioeconomic status for neighborhoods in this thesis. Other measures, such as wealth or
occupational position are also very interesting measures for socioeconomic inequalities, but not
available for analysis in the datasets that we use.

1.7

Outline of the thesis

In this theses, we present five separate research projects. First, we investigate the relationship
between sport participation and health outcomes, with regard to socioeconomic inequalities
(chapter 2) as well as with regard to differences in the initial (i.e. baseline) health status in the
form of the Body Mass Index (chapter 3). Next, we examine to what extent there are
socioeconomic differences in health care costs, at the neighborhood level (chapter 4), and
whether the found differences are related to lifestyle factors (chapter 5). Finally, in chapter 6, we
look at the Covid-19 crisis, that took a grip on societies all over the world in 2020, and explored
to what extent the pandemic, and the related containment measures, had an effect on
socioeconomic inequalities in physical activity in the Netherlands. In chapter 7, we summarize
the main findings, draw the some conclusions and present suggestions for future public health
policies.
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Chapter |2|
Chapter 2. Sport participation and socioeconomic inequalities
in health
How are the amount, intensity and type of sport participation
associated with socioeconomic differences in all-cause mortality,
diabetes and obesity?1
Abstract
Objective: Sport participation has many health benefits, but there is limited evidence on the specific
relationship of sport participation on the socioeconomic gradient in health. This study investigates
the association of several aspects of sport participation with health outcomes, both within and
between socioeconomic subpopulations.
Methods: We used Cox proportional hazards regression models to assess the associations of
participating in sport, the amount of sport participation (minutes per week), sport related energy
expenditure, type of sport and number of sports, with all-cause mortality, type 2 diabetes mellitus
(T2DM) and obesity in 84,230 individuals (56.3% women; mean age: 44.5 years) in the Dutch
Lifelines cohort. Similarly, we assessed the effect of sport participation on health outcomes, both
within and between socioeconomic levels (on education and income). In our analysis, we controlled
for age, sex and several lifestyle factors. Outcomes were compared with doing moderate to vigorous
physical activity (MVPA).
Results: Sport participation was significantly associated with lower mortality (HR = 0.81), T2DM
(HR = 0.70) and obesity (HR = 0.77). No significant dose-response effects were found for the
amount of sport participation and the sport related energy expenditure, while participating in teams
sport was associated with significantly lower mortality (HR = 0.53) compared with other types of
sport. The health effects of sport participation did not significantly differ between educational
categories, nor between income levels. However, sport participation explained between 11% (T2DM
and obesity) and 22% (mortality) of health inequalities between educational categories, over twice
the effect size of MVPA. For all three health outcomes, sport participation explained around 17% of
the inequalities between income levels, four times the size of the contribution of MVPA.
Conclusion: Our research shows that sport participation significantly explains socioeconomic
differences in health outcomes, and more so than MVPA. The associations of sport participation with
the health outcomes did not significantly differ between SES levels. Hence, socioeconomic health
inequalities are likely to be caused mainly by differences in sport participation levels. Our results
suggest that, in order to reduce socioeconomic differences in health, public health policies should
focus on increasing sport participation levels in low SES groups, rather than MVPA levels.

1

Joint work with J.O. Mierau and R.H. Koning.
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2.1 Introduction
Physical activity (PA) has many positive health effects, including an increased life expectancy
(Andersen et al., 2000). Regular participation in physical activity is also associated with
significant lower chances of being diagnosed with type 2 diabetes mellitus (T2DM) (Jeon et al.,
2007). However, individuals with a lower level of education or income are likely to have a shorter
life and a lower health status, than someone with a higher socioeconomic status (SES) (Marmot,
2015).
Various studies have investigated the contribution of lifestyle factors, including PA, to
socioeconomic health differences (Van Oort et al., 2004; Van Lenthe et al., 2005; Silva et al.,
2008; De Boer et al., 2020). A meta-study by Petrovic et al. (2018) demonstrated the
contribution of PA to socioeconomic health differences varied from 8% to 17% for mortality, and
from -5% to + 12% for cardiovascular diseases, although the definition of PA varied between the
investigated studies (Petrovic et al., 2018). Differences in the amount, intensity and type of PA
may partly explain differences in health outcomes. Tanasescu et al. (2002) found that the volume
and average intensity of PA, as well as several types of PA, were positively associated with
reduced risks of coronary heart disease, while in another study only sport participation and doit-yourself activities were associated with significant lower mortality (Sabia et al., 2012). Also,
work-related PA has been associated with negative effects on health, while leisure-time PA
(LTPA) is related to positive health effects (Holtermann et al., 2012; Holtermann et al., 2021).
Within LTPA, sport participation is associated with stronger positive health effects than other
forms of PA (De Boer et al., 2021). Although sport participation is a subset of PA (Khan et al.,
2012), it is also a broad concept with many different facets, including the amount, the related
energy expenditure, and the type of sport individuals practice. Sport participation is often found
to be lower among people with a low SES than among high SES groups (Kamphuis et al., 2008).
However, until now, no study has investigated to what extent sport participation contributes to
socioeconomic health differences.
There is relatively limited knowledge about the relationship between characteristics of
sport participation and health outcomes. Evidence on the relationship between the volume of
participation in specific sports and health outcomes is somewhat mixed (Oja et al., 2015). While
several studies (Oja et al., 2011; Oja et al. 2015) find a significantly positive relationship between
participating in a specific sport and health benefits, Lee et al. (2016) find that the odds of
coronary heart disease deaths were relatively increasing at higher doses of running (a reverse Jshaped association), while for cycling diminishing returns for higher volumes have been found
(Hendriksen et al., 2000; Hoevenaar-Blom et al., 2011). However, to our knowledge, no study
has simultaneously looked at the amount and number of sports practiced, sport related energy
expenditure (SREE) and the type of sport as the potential drivers for the health effects of sport
participation.
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The research question of our study is: to what extent is sport participation itself and four
different aspects (amount, SREE, type and number of sports) of sport participation associated
with socioeconomic inequalities in mortality, the incidence of type 2 diabetes mellitus (T2DM)
and obesity? In order to place the outcomes for sport participation in perspective, we compared
them with the outcomes for doing moderate to vigorous physical activity (MVPA) in general. As
far as we know, no research has yet been conducted on the mediating role of sport participation
on socioeconomic differences in health outcomes. More specifically, we first investigated the role
of sport participation, and several of its characteristics, on the incidence of T2DM and obesity
and mortality. We followed this up by examining to what extent this relationship differed
between, as well as within, educational and income levels. With this research we will also
establish to what extent sport participation contributes to socioeconomic inequalities in these
health outcomes.

2.2 Method
2.2.1 Sample
Lifelines is a multi-disciplinary prospective population-based cohort study examining, with a
unique three-generation design, the health and health-related behaviors of 167,729 persons
living in the North of the Netherlands. It employs a broad range of investigative procedures in
assessing the biomedical, socio-demographic, behavioral, physical and psychological factors
which contribute to the health and disease of the general population, with a special focus on
multi-morbidity and complex genetics (Scholtens et al., 2015) Participants were screened
through physical examination, including anthropometry and blood tests. In addition, they filled
in questionnaires on, amongst others, demographics, health status, lifestyle and psychosocial
matters. The Lifelines study is constructed conform the Declaration of Helsinki (Scholtens et al.,
2015).
Baseline measurements (1A) took place from 2006 until 2013. A full-population followup measurement (2A) was conducted between 2014 and 2017, with new physical examinations
and questionnaires for the full (surviving) population. Intermediate questionnaire surveys (1B
and 1C) were conducted with an interval of around 1.5 years. Mortality was registered on a
monthly basis in a national register that was linked to the Lifelines study. From the full cohort
population of the Lifelines study, persons with missing or implausible data for any of the
variables included in our analysis were excluded. Furthermore, persons under age 25 or above
75, with T2DM, a cardiovascular disease or cancer at baseline were excluded. For mortality,
84,230 persons remained for the analysis. Persons with a limited response to the follow-up
questionnaires and glucose measurement were excluded for analysis with regard to T2DM, for
which the remaining sample size was 56,517. Due to incomplete anthropometry measurements
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the sample size for obesity was 49,435 (see Figure A2.1 in the Appendix for a flow chart of the
data selection).
2.2.2 Assessment of sport participation and physical activity
Sport participation, as well as the other types of PA (cycling, gardening, doing odd jobs and
walking), were assessed using the self-reported short questionnaire to assess health-enhancing
physical activity questionnaire (SQUASH) that inquired about the frequency and duration of
these activities (Wendel-Vos, 2003). A respondent could identify up to four sports in which they
participated. For each PA type and sport discipline, respondents were asked about the amount
they practiced, in a normal week in the preceding months.
For sport participation, we defined a dummy variable for doing any sport (1 = yes). The
amount of sport practiced was measured by number of minutes per week. The persons who
participated in sport were ordered by the amount of sports practiced and then divided into
roughly equal-sized quintiles (with Q1 the least amount and Q5 the most; see Table 2.1 for an
overview of the quintiles). The 2011 compendium of physical activities (Ainsworth et al., 2011)
was used to match each PA type or sport discipline with a metabolic equivalent of task (MET)
value as an estimate for the intensity of the activity (Ainsworth et al., 2011). For each individual
(i), the sport related energy expenditure score (SSREi) was calculated by first multiplying the
number of minutes per week the sport was practiced (Mini,s ) with the corresponding MET-score
(METs), for each sport (s=1,…,S) practiced; and then summing these outcomes over all sports
practiced:
SSREi = ∑ (, ∗ 

)

(2.1)

Similar to the amount of sport, we divided SREE in quintiles. Furthermore, we distinguished the
following types of sports practiced: individual sports, semi-individual sports, team sports and
fitness activities (i.e. going to the gym), which were all operationalized as dummy variables (see
Table 2.1 for the classification). Finally, we also investigated the number of sports an individual
practices as an aspect of sport participation.
PA with a MET-value of 3.0 or higher was categorized as moderate to vigorous physical
activity (MVPA). In our analysis, MVPA was included as a reference for outcomes on physical
activity. MVPA was operationalized as a dummy variable for doing any MVPA and, for persons
doing any MVPA, the amount of MVPA in minutes per week as well as divided in five roughly
equal quintiles (see Table 2.1).
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Table 2.1: Classification of quintiles of the amount of sport and PA, SREE and sport types
Variable
Amount (quintiles)

Includes:

Q1
Q2
Q3
Q4
Q5
SREE (quintiles)

1-60 minutes per week
61-120 minutes per week
121-180 minutes per week
181-300 minutes per week
301 minutes or more per week

Q1
Q2
Q3
Q4
Q5
Amount MVPA (quintiles)

SREE-score of 1 – 420
SREE-score of 421 – 684
SREE-score of 685 – 1080
SREE-score of 1081 – 1854
SREE-score of 1855 or more

Q1
Q2
Q3
Q4
Q5
Sport type

1 – 90 minutes per week
91 – 160 minutes per week
161 – 250 minutes per week
251 – 405 minutes per week
406 minutes or more per week

Individual sports

Road Cycling, Mountain Biking, Running, Triathlon, (Roller) Skating,
Walking, Nordic Walking, Surfing, Swimming, Ice Skating, Skiing,
Snowboarding
Badminton, Boxing, Fencing, Golf, Gymnastics, Horse Riding, Fight Sports
(inc. Judo, Karate, Kickboxing), Billiards, Climbing, Squash, Tennis, Table
Tennis, Rowing, Canoeing
Basketball, Korfball, American Football, Ultimate Frisbee, Handball, Hockey,
Ice Hockey, Rugby, Football, Baseball, (Beach) Volleyball, Water Polo
Body Pump, Pilates, (Power) Yoga, Zumba, (Aqua) Spinning, Aerobics,
Aquarobics, BBB, et cetera.

Semi-individual sports
Team sports
Fitness activities

2.2.3 Assessment of socioeconomic status
Education, income and occupational position are the standard indicators for SES. In our
research, we included both education and income as a socioeconomic determinant. We
distinguished three levels of education, based on the highest completed educational level of each
individual: primary and practical education (lower); secondary and secondary vocational
education (middle) or higher education (higher). A dummy variable EDUdif was created for the
socioeconomic gradient, with low education (EDUlow = 1) the category of interest and higher
education acting as the reference category (EDUlow = 0). For income, the net monthly
household income (respondents were asked to include the net income of your partner(s), if they
shared a household) was assessed in groups of 500 euros. To avoid income categories with too
few respondents we clustered the income levels to the following three roughly equal sized
groups: less than €2000; €2000 to €3000; €3000 or higher.
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2.2.4 Outcome variables and covariates
Outcome variables in our analysis were dummy variables for all-cause mortality and the
incidence of T2DM and obesity, measured at any time beyond baseline. Mortality was registered
in Lifelines on a monthly basis and we used data to the end of 2019. Following Dêschenes et al.
(2008),(Deschênes, Burns, & Schmitz, 2018) participants were identified as having T2DM at a
follow-up period (1B, 1C or 2A), if they (1) self-reported a newly developed doctor-diagnosed
T2DM; (2) were measured to have a fasting glucose value of 7.0 mmol/L or higher; or (3) had a
hemoglobin A1c (HbA1c, the hemoglobin type that is bound to glucose) value of 6.5% (Deschênes
et al, 2018). Similarly, incidence of obesity occurred when respondents were measured to have
a body mass index (BMI) of 30.0 kg/m2 or higher. To adjust for confounding, we included age
and sex in all our regression models. We also performed analysis that included lifestyle variables
for heavy alcohol consumption (average of 2 or more glasses per day), smoking (current smoker)
and diet quality (i.e. the Lifelines Diet Score, see Dekker et al., 2017) at baseline.
2.2.5 Analysis
For our analysis, we estimated several Cox proportional hazards regression models. The Cox
model was chosen because it can take into account the time-to-event, i.e. the time between
baseline measurement (1A) and the first moment of incidence; as well as time-at-risk, i.e. the
time between baseline and the last measurement (2A for T2DM and obesity, or the end of 2019
for morbidity). In all models, sex and age were included as confounders. For the socioeconomic
indicators, the highest level (e.g. higher education) was taken as the reference category.
We first estimated the associations between each sport participation/PA indicator and
all-cause mortality or the incidence of T2DM and obesity, for the full sample. In Model 1 we
included education as a covariate. For each Sport/PA indicator PAj (j = sport participation,
amount of sport, SREE, sport type, number of sports, MVPA participation and MVPA amount),
the hazard function of Model 1 is:
hj(t) = ℎ, (t) × exp (, PAj + 

,

 + ,  + , )

(2.2)

where t represents the time between baseline measurement and the time of observation of the
event (incidence of prediabetes, T2DM or mortality) or end of final observation in the case of no
event. The hazard function hj(t) is determined by PA type j (j = sport participation, sport amount,
SREE, sport type, number of sports, MVPA participation or MVPA amount) and a set of
covariates (age, sex and education or income), with ℎ, (t) the hazard when covariates and sport
participation are equal to zero. The quantity exp(β"#,$ PAj) is the hazard ratio (HR) for each
Sport/PA type j. The hazard varies over time (t), but equals one at baseline measurement
(ℎ(0)=1). A hazard ratio below one (HR <1) indicates that participating in sport leads to a smaller
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chance of realizing the health outcome (such as being diagnosed with prediabetes) and thus an
increased length of survival. Similarly the coefficients ( ,  , ) measure the effect sizes of
covariates.
Next, we looked at the effect of sport participation on the differences between
socioeconomic groups in the incidence of T2DM and all-cause mortality. Following the
methodology of Stringhini et al. (2011), Model 2a estimates the association (hazard ratio) of
persons with lower education (EDUlow) versus individuals with higher education (persons with
middle education are not part of the model) with health outcomes:
h(t) = ℎ (t) × exp (γ0 EDUlow +   +  )

(2.3)

with exp(γ0 EDUlow) the hazard ratio for the group with low education, with high education
acting as the reference group, and covariates age and sex. Next, this model was extended by
adding each Sport/PA variable PAj separately (Model 2b):
hj(t) = ℎ, (t) × exp (γj EDUlow + , PAj + 

,

 + , )

(2.4)

Model 2c adds lifestyle factors for smoking, alcohol use and diet to the equation:
hj(t) = ℎ, (t) × exp (γj EDUlow + , PAj + 

,

 + ,  +

, %& + ', *ℎ* + +, )

(2.5)

Again following Stringhini et al. (2011), we estimated the contribution of each type of PA in
explaining the association between SES and mortality can be determined. For PA type j, this
contribution (deltaj) was calculated as the relative reduction in the coefficient for SES after
inclusion of a PA indicator can be measured as:
deltaj = (ẟ0 - ẟ j) / ẟ 0

(2.6)

where ẟ = log(HR) and deltaj represents the percent difference in the log of the hazard ratio for
the socioeconomic inequality (lower versus higher education or low versus high income)
between Model 2b or 2c (exp(γj EDUlow) and Model 2a (exp(γ0 EDUlow).
Finally, we looked at the association of sport participation on health outcomes within
different socioeconomic groups. Here, we estimated a Cox proportional hazard model for each
socioeconomic subpopulation with sex as age as covariates (Model 3a). For education k (k=low,
middle or high education), Model 3a is defined as:
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hj,k(t)=ℎ,,- (t) × exp (,,- PAj + 

,,-

 + ,,- )

(2.7)

with exp(,,- PAj) the hazard ratio for each PA type j in education group k. In addition, we
estimated an extended model that included a set of lifestyle variables, Model 3b:
hj,k(t) = ℎ,,- (t) × exp (,,- PAj + 

,,-

 + ,,-  + ,,- %&

+ ',,- *ℎ* + +,,- )

(2.8)

with, for example, exp(,,- smoking) the hazard ratio for smoking in education group k with
regard to PA type j.
In the models above we included educational level as the socioeconomic indicator.
However, we performed similar analysis with income level instead of educational level. The
outcomes for education (2.3.1) and income (2.3.2) are laid out separately. For all models, we
present the hazard ratios (HRs) with a 95% confidence interval (CI) and t-values, with HRs with
a t-value above 1.96 identified as statistically significant. Analysis was carried out with Stata 16
(Stata Corp. LLC, College Station, Texas, USA).

2.3 Results
2.3.1 Results for education
Table 2.2 shows the descriptive statistics for the full sample (on mortality), stratified by
education. At baseline, 56.3% of the included persons in the sample was female and average age
was 44.5 years. Around a quarter of the datasets was lower educated, while 35.4% had completed
higher education. Compared with the general population of the northern part of the Netherlands,
females were over-represented. However, this is in line with the total population of Lifelines.
There was a clear socioeconomic gradient visible in sport participation, from 45% of the
low educated doing sport up to 70% of the high educated. Similar inequalities were observed for
the amount of sport participation and participating in specific types of sport, but the differences
in the amount of sport, SREE, type and number of sports between educational types within the
group of sport participants were relatively small (see also Figures 2.1 and 2.2). Among sport
participants, the amount of sport was somewhat lower for higher educated, while SREE and
average number of sports was higher. They also practiced more individual, semi-individual and
team sports, but fitness activities were practiced more by lower educated. For MVPA the
differences between educational groups were much smaller than for sport participation. The
incidence of the health outcomes are presented in Table 2.3. For mortality incidence was 822
persons, or 1%. For T2DM and obesity, incidence was 1.3% and 4.4% respectively. Incidence
rates decreased when the education level increased, for all health outcomes.
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Table 2.2: Summary statistics, by educational level (dataset mortality)
Variable (mean values unless stated otherwise)
Observations (number)
Sex (female = 1)
Age
Education
Low
Middle
High
Income
Low (<€2000)
Middle (€2000-€3000)
High (>€3000)
Sport
Sport participation (1=yes)
Amount of sport participation (min./week)
Amount of sport participation sporters (min./week)
Sport related energy expenditure (SREE-score/week)
SREE-score (excl. no sport)
Sport types
Individual
Semi-individual
Team
Fitness activities
Number of sports (avg.; max 4)
Number of sports by sporters (avg.; max 4)
Physical activity
Practicing MVPA (1=yes)
Amount MVPA (min./week)
Lifestyle
Smoker (1=yes)
Alcohol heavy (> 2 glasses per day)
Diet score
BMI (average)
Overweight
Obese
Dependent variables
Mortality
T2DM
Obesity
Table 2.3: incidence of health outcomes
Health outcome
Observations
Mortality

84230

Low
21,519
0.560
49.7

Education
Middle
32,886
0.580
43.0

Total
High
29,825
0.546
42.4

84,230
0.563
44.5

1.000

0.255
0.390
0.354

1.000
1.000

0.413
0.394
0.194

0.266
0.399
0.334

0.166
0.266
0.568

0.268
0.351
0.381

0.451
89.0
197.3
542.5
1203.0

0.565
108.5
191.9
681.2
1204.6

0.695
133.8
192.6
861.0
1239.2

0.582
112.5
193.3
709.4
1218.9

0.197
0.086
0.060
0.197
0.623
1.382

0.256
0.102
0.094
0.244
0.807
1.427

0.345
0.160
0.117
0.288
1.055
1.518

0.272
0.118
0.094
0.248
0.848
1.456

0.812
233.2

0.847
219.6

0.896
236.6

0.856
229.082

0.257
0.119
23.695
26.990
0.454
0.203

0.224
0.099
23.654
26.222
0.410
0.159

0.150
0.127
25.168
25.215
0.362
0.101

0.206
0.114
24.201
26.062
0.404
0.150

0.015
0.021
0.058

0.008
0.011
0.047

0.007
0.009
0.031

0.010
0.013
0.044

Incidence

Incidence rate (%)

822

0.98%

T2DM

56517

726

1.28%

Obesity

49435

2159

4.37%
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From the baselines measurements of Lifelines we have derived several indicators on
sport participation, stratified by the education, which are shown in Figure 2.1. Sport
participation is over 50% higher among high educated persons than low educated persons.
However, within the group that participate in sports, differences in the amount of sport
practiced, SREE and number of sports practiced were relatively small. Between sport types
there are some interesting differences. While individual, semi-individual and team sports
were significantly more practiced within the high educated sport participants, fitness
activities were more often done by low educated sport participants.
Figure 2.1: differences in sport participation characteristics between education levels in
Lifelines (low education = 100)
160
within sport
participation
140

120

100

80

Low education (reference = 100)

Middle education

High education

First we estimated the association of indicators of sport participation and PA
participation with mortality and the incidence of T2DM and obesity. For each sport/PA
indicator, the hazard ratio was estimated using Model 1 (with age, sex and education as
covariates). The outcomes are presented in Table 2.4. Sport participation was significantly
associated with lower mortality (HR = 0.81), less T2DM (HR = 0.70) and less obesity (HR =
0.77). Figure 2.2 shows that the hazard ratios for participating in any sport (compared with doing
no sport) were somewhat higher, but not significantly so, than the hazard ratios for doing MVPA
(compared with doing no MVPA). For the amount of sport participation as well as MVPA, the
hazard ratios have a similar size and no significant differences between the quintiles were found.
The same can be said for SREE, as can be seen in Figure 2.3.
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Table 2.4: Outcomes of Model 1 (age, sex and education as covariates) for mortality, T2DM
and obesity Estimates for sport and MVPA indicators in separate regressions. Hazard
ratios with 95% confidence intervals.
Mortality
T2DM
Obesity
Sport
Sport participation
0.81 (0.7-0.93)
0.7 (0.61-0.81)
0.77 (0.7-0.84)
Amount (reference = no sport)
Q1
0.84 (0.67-1.05)
0.64 (0.5-0.82)
0.74 (0.65-0.85)
Q2
0.88 (0.71-1.09)
0.81 (0.65-1.01)
0.77 (0.68-0.88)
Q3
0.74 (0.56-0.98)
0.61 (0.45-0.83)
0.7 (0.6-0.83)
Q4
0.89 (0.7-1.13)
0.7 (0.53-0.92)
0.86 (0.74-0.99)
Q5
0.64 (0.49-0.85)
0.71 (0.54-0.93)
0.76 (0.65-0.89)
SREE (reference = no sport)
Q1
0.91 (0.73-1.12)
0.75 (0.59-0.95)
0.78 (0.68-0.9)
Q2
0.8 (0.62-1.03)
0.73 (0.56-0.94)
0.73 (0.63-0.85)
Q3
0.81 (0.63-1.04)
0.7 (0.54-0.91)
0.75 (0.65-0.87)
Q4
0.8 (0.62-1.03)
0.74 (0.57-0.96)
0.77 (0.67-0.89)
Q5
0.7 (0.54-0.9)
0.59 (0.45-0.78)
0.8 (0.69-0.93)
Sport type (reference = no sport)
Individual
0.82 (0.69-0.98)
0.59 (0.49-0.72)
0.7 (0.62-0.78)
Semi-individual
0.76 (0.61-0.95)
0.59 (0.45-0.76)
0.6 (0.52-0.7)
Team
0.53 (0.37-0.77)
0.58 (0.41-0.8)
0.61 (0.52-0.73)
Fitness
0.88 (0.74-1.06)
0.79 (0.66-0.96)
0.92 (0.83-1.02)
Number of sports (reference = no sport)
1
0.82 (0.7-0.96)
0.78 (0.66-0.92)
0.82 (0.74-0.9)
2
0.83 (0.67-1.02)
0.56 (0.43-0.71)
0.68 (0.59-0.78)
3
0.69 (0.46-1.06)
0.59 (0.38-0.92)
0.72 (0.57-0.92)
4 or more
0.47 (0.15-1.47)
0.58 (0.22-1.56)
0.41 (0.21-0.79)
Physical Activity (Moderate to Vigorous Physical Activity)
Doing MVPA
0.77 (0.64-0.93)
0.66 (0.55-0.8)
0.68 (0.61-0.77)
MVPA amount (reference = no MVPA)
Q1
0.82 (0.65-1.04)
0.76 (0.6-0.96)
0.74 (0.65-0.85)
Q2
0.77 (0.6-0.99)
0.78 (0.6-1)
0.7 (0.6-0.81)
Q3
0.71 (0.55-0.91)
0.57 (0.44-0.74)
0.68 (0.59-0.79)
Q4
0.73 (0.57-0.92)
0.57 (0.44-0.74)
0.63 (0.54-0.73)
Q5
0.82 (0.66-1.02)
0.63 (0.5-0.81)
0.67 (0.58-0.78)

Figure 2.2: Association of participating in sport and PA (compared with not participating)
with health outcomes (hazard ratios), model 1

Mortality Sport participation

T2DM

Obesity

0.10

0.81 (0.702- 0.927)

MVPA

0.77 (0.644- 0.929)

Sport participation

0.7 (0.606- 0.814)

MVPA

0.66 (0.546- 0.798)

Sport participation

0.77 (0.705- 0.837)

MVPA

0.68 (0.611- 0.767)

1.00

0.50
Hazard ratio
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Figure 2.3: Association of amount of sport practiced and SREE with health outcomes
(hazard ratios), Model 1

Hazard Ratio (no participation = 1)

1.2
1
0.8
0.6
0.4
0.2
0
No
participation

Q1

Q2

Q3

Q4

Q5

Sport amount (mortality)

Sport amount (T2DM)

Sport amount (obesity)

SREE (mortality)

SREE (T2DM)

SREE (obesity)

Figure 2.4: Association of type of sport and health outcomes (hazard ratio), Model 1

Mortality Individual

0.82 (0.686- 0.976)

Semi-ind.

T2DM

Obesity

0.10

0.76 (0.609- 0.95)

Team

0.53 (0.369- 0.768)

Fitness

0.88 (0.739- 1.058)

Individual

0.59 (0.487- 0.722)

Semi-ind.

0.59 (0.453- 0.763)

Team

0.58 (0.412- 0.803)

Fitness

0.79 (0.657- 0.958)

Individual

0.7 (0.623- 0.78)

Semi-ind.

0.6 (0.515- 0.703)

Team

0.61 (0.515- 0.732)

Fitness

0.92 (0.828- 1.022)
1.00

0.50
Hazard ratio
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Figure 2.4 shows that all sport types were associated with lower chances of mortality,
T2DM and obesity, compared with doing no sport. However, for fitness activities the hazard
ratios were higher than for the other sport types. Fitness activities (HR = 0.92) were associated
with significantly higher odds of becoming obese than the other types of sport (HRs between
0.60 and 0.70). Of the other three sport types, team sports had a significantly lower hazard ratios
for mortality (HR = 0. 53) than the other sport types, while for both T2DM and obesity the
differences were relatively small and insignificant. For the number of sports practiced, a positive
health gradient is visible, with individuals practicing four (or more) sports having the lowest
hazard ratios for all health outcomes. Also, persons practicing three sports had lower hazard
ratios than individuals who practiced one sport. However, in part due to the relative small
number of persons doing more than two sports, the differences in the associated health
outcomes for the number of sports are not significant.
Next, we investigated the contribution of sport participation to the differences between
socioeconomic groups in the health outcomes. Results for the role of sport participation and
physical activity (characteristics) in explaining the association between educational inequality
and mortality, T2DM and obesity are presented in Table 2.5. Here the hazard ratio presents the
association of low education versus the high education (the middle education group is therefore
not part of this analysis). Age and sex were included as covariates. In the first model (Model 2a),
without any sport or PA indicator, individuals with lower education had a significantly higher
hazard ratio (HR = 1.254) for mortality, compared with persons with higher education. Similarly,
lower education was associated with higher odds for being diagnosed with T2DM (HR = 1.564)
and obesity (HR = 1.677). Models 2b estimated the same relationship, with one or more
sport/PA indicators added. In all cases, sport participation indicators reduced the hazard ratio
for the educational inequality in the health outcomes. Sport participation reduced the hazard
ratio with 22.3% for mortality, 11.8% for T2DM and 11.0% for obesity. When the amount of sport
practiced, SREE and number of sports were included in the models (instead of sport
participation), the socioeconomic hazard ratios were reduced with similar effect sizes. For sport
types (simultaneously added in Model 2b), the hazard ratios decreased less for mortality
(20.2%), but more for T2DM (15.1%) and obesity (14.4%). Doing any MVPA reduced the hazard
ratio for the socioeconomic gradient with 9.0% for mortality, 5.1% for T2DM and 5.3% for
obesity. For the amount MVPA , the reductions are similar but somewhat larger, varying from
5.5% for T2DM to 11.8% for mortality.
Analysis with lifestyle factors (Model 2c) showed that sport participation, smoking,
alcohol use and diet together contribute to 88.9% of the socioeconomic gradient in mortality.
For T2DM, the combined contribution of these lifestyle indicators is 29.6%. Surprisingly, for
obesity the combined contribution is minus 1.8%.
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Table 2.5: Outcomes of Models 2a, 2b and 2c, showing the socioeconomic gradient in health
outcomes (hazard ratio for low education, with high education as reference)
Mortality
T2DM
Obesity
Model
HR
Delta
HR
Delta
HR
Delta
Model 2a (covariates: sex, age)
No Sport/PA indicator
1.254
1.564
1.677
Model 2b (covariates: sex, age +…)
Sport
Sport participation
1.192
22.3%
1.484
11.8%
1.584
11.0%
Sport amount
1.188
23.6%
1.488
11.1%
1.585
10.9%
SREE
1.187
24.3%
1.486
11.4%
1.586
10.8%
Sport type
1.198
20.2%
1.462
15.1%
1.557
14.4%
# Sports
1.190
22.9%
1.481
12.2%
1.569
12.9%
Amount + SREE + type + # sports
1.183
25.6%
1.434
19.4%
1.532
17.6%
Physical activity
MVPA participation
1.228
9.0%
1.529
5.1%
1.632
5.3%
MVPA amount
1.221
11.8%
1.526
5.5%
1.629
5.6%
Model 2c (covariates: sex, age, smoking, alcohol, diet +…)
Sport participation
1.025
88.9%
1.370
29.6%
1.693
-1.8%
MVPA participation
1.050
78.5%
1.425
20.8%
1.786
-12.2%
HR = hazard ratio for low education (with high education = 1); Delta = relative contribution of PA/Sport
participation indicator in the socioeconomic gradient, with no sport/PA (Model 2a) as reference.

Finally, we investigated the association of sport and PA within SES groups. For the
educational subpopulations, Table A2.1 in the Appendix shows the outcomes of the association
of sport/PA indicators with incidence of T2DM and mortality, for respectively Model 3a (with
only age and sex as covariates) and Model 3b (also including the lifestyle covariates). In Model
3a, sport participation was associated with lower incidence (HR < 1) of all three health outcomes
in all educational subpopulations. For low education, sport participation was associated with
significantly better odds for all health outcomes. In addition, for higher education, sport
participation was associated with significantly lower mortality and obesity, while for middle
education sport participation was only associated with lower odds of obesity. The differences in
health outcomes did not differ significantly with those for MVPA, nor between the SES groups.
Table 2.6 shows the outcomes of Model 3b, which include lifestyle indicators as
covariates, for sport participation. For mortality and T2DM, sport participation was associated
with hazard ratios that are below 1, but higher than in the models without the lifestyle factors.
Only for T2DM, for the low income category, sport participation had a coefficient significantly
below 1. For obesity, however, sport participation was associated with significantly lower odds
for all education categories. The hazard ratios here were even somewhat below the levels without
the lifestyle factors (Model 3b). Similar to the outcomes for the whole sample (Model 1), no clear
health gradient in the sport participation volumes or energy expenditure was found within the
SES categories. Also, for T2DM and obesity, the hazard ratio for fitness activities was higher than
for the other types of sport activities. For neither of the sport aspects a significant difference was
found between the SES categories, for any of the health outcomes.
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Table 2.6: Outcomes of Model 3b for sport participation (with age, sex and lifestyle factors
as covariates) for mortality, T2DM and obesity, by education level (low, middle, high)
Mortality

T2DM

Obesity

Variable
Sex

Low
Middle High
Low
Middle High
Low
Middle High
0.75
0.91
0.58
0.79
0.52
0.63
1.22
1.27
1.39
(0.59(0.70(0.42(0.57(0.36(0.41(1.03(1.08(1.151.18)
0.75)
1.48)
1.68)
0.96)
0.79)
1.11)
0.97)
1.44)
Age
1.11
1.11
1.11
1.06
1.06
1.07
1.00
1.00
1.02
(1.09(1.10(1.09(1.04(1.05(1.05(1.00(0.99(1.011.13)
1.08)
1.01)
1.03)
1.12)
1.12)
1.08)
1.09)
1.01)
Sport
0.90
0.96
0.81
0.70
0.97
0.87
0.67
0.78
0.79
part.
(0.71(0.75(0.61(0.50(0.68(0.58(0.57(0.67(0.651.14)
1.08)
0.98)
1.3)
0.79)
0.95)
1.24)
1.38)
0.90)
Smoking
1.96
1.74
1.70
0.83
1.43
1.97
0.88
1.25
1.14
(1.49(1.30(1.19(0.52(0.96(1.24(0.72(1.05(0.892.33)
2.43)
2.15)
1.48)
2.57)
1.33)
3.15)
1.08)
1.45)
Alcohol
1.39
0.96
1.01
0.72
0.99
1.04
0.69
0.78
0.76
(1.05(0.69(0.74(0.44(0.62(0.65(0.53(0.61(0.571.33)
1.58)
1.01)
1.83)
1.40)
1.16)
1.65)
0.90)
1.00)
Diet
0.96
0.97
0.96
0.99
0.96
0.95
1 .00
1.02
0.98
(0.94(0.95(0.94(0.96(0.93(0.92(0.99(1.00(0.970.99)
1.00)
1.03)
0.98)
0.99)
1.02)
0.98)
1.02)
1.00)
Estimates for sport and MVPA indicators in separate regressions. Hazard ratios with 95% confidence
intervals in brackets.

2.3.2 Results for income
In addition to education, we analyzed income as an indicator for SES. Table 2.7 shows the
descriptive statistics for the full sample (on mortality), stratified by income. Persons with an
income below €2000 present somewhat over a quarter of the population, and the highest income
group (>€3000) was just over a third of the sample. This means the distribution of high, middle
and low income categories was to a large extent similar to the educational groups. Again a
socioeconomic gradient of sport participation was found, from 51.0% for the low income group
to 66.4% for high incomes. For all health outcomes, a positive socioeconomic gradient (i.e.
higher income had improved survival rates) was found, but it was less steep than for education.
The distribution of sport participation over the three income levels (Figure 2.5) was different
than for education. Sport participation in the high income group was about one third higher than
in the low income category, while this was over 50% for education. However, within the group
of persons that practice sports, there is a clear income gradient observable for the amount of
sport practiced, SREE and the number of sports. Where for education inequalities was very
strong for sport participation in general, for income the inequalities are more visible for the
characteristics of sport participation, within the group of sport participants.
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Table 2.7: Summary statistics in short, by income level (dataset mortality)
Income
Low
Middle
High
Variable
(< €2000)
(> €3000)
Observations
22,592
29,541
32,097
Sex (female = 1)
0.628
0.548
0.531
Age
44.4
44.7
44.4
Education
Low
0.393
0.287
0.130
Middle
0.388
0.445
0.342
High
0.219
0.269
0.528
Income
Low (<€2000)
1.000
Middle (€2000-€3000)
1.000
High (>€3000)
1.000
Sport
Sport participation (1=yes)
0.510
0.548
0.664
Amount of sport participation (min./week)
102.4
103.0
128.3
Amount of sport participation sporters (min./week)
200.7
188.2
193.1
SREE (SREE-score/week)
625.2
645.8
827.3
SREE (excl. no sport)
1225.8
1179.5
1245.1
Sport types
Individual
0.226
0.252
0.324
Semi-individual
0.094
0.100
0.152
Team
0.077
0.093
0.105
Fitness activities
0.235
0.227
0.275
Number of sports (avg.; max 4)
0.748
0.774
0.985
Number of sports by sporters (avg.; max 4)
1.467
1.414
1.483
Physical activity
Practicing MVPA (1=yes)
0.840
0.852
0.870
Amount MVPA (min./week)
241.6
223.0
225.9
Lifestyle
Smoker (1=yes)
0.265
0.205
0.166
Alcohol heavy (> 2 glasses per day)
0.090
0.111
0.134
Diet score
23.8
23.9
24.7
BMI (average)
26.3
26.2
25.7
Overweight
0.377
0.416
0.411
Obese
0.180
0.160
0.119
Dependent variables
Mortality
0.013
0.010
0.008
T2DM
0.016
0.014
0.010
Obesity
0.051
0.046
0.037
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Total

84,230
0.563
44.5
0.255
0.390
0.354
0.268
0.351
0.381
0.582
112.5
193.3
709.4
1218.9
0.272
0.118
0.094
0.248
0.848
1.456
0.856
229.1
0.206
0.114
24.2
26.1
0.404
0.150
0.010
0.013
0.044

Figure 2.5: differences in sport participation characteristics between income levels in
Lifelines (low income= 100)
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The outcomes of Model 1, with income as the SES-covariate (Table 2.8), were very similar
to the outcomes of the same model with education. Again, sport participation was significantly
associated with lower mortality (HR = 0.82), less T2DM (HR = 0.69) and less obesity (HR =
0.74). These outcomes did not significantly differ from those for MVPA. For the amount or
number of sports practiced, as well as SREE, the outcomes show no significant dose-response
relationship. Team sports were associated with significant lower hazard ratios for mortality that
each of the other sport types. For all health outcomes, fitness activities were associated with
significantly higher risks, compared with all other sport types.
Table 2.9 shows the socioeconomic gradient without (Model 2a) and with several sports
and PA indicators (Models 2b and 2c) for each of the health outcomes. For mortality, this
gradient of Model 2a was much higher for income (HR = 1.38) than for education (HR = 1.25).
For obesity, the opposite is true, with a much smaller gradient for income (HR = 1.30) than for
education (HR = 1.67). Sport participation explained the difference between the low and high
income groups (Model 2b) for about 17%, for all health outcomes, while doing MVPA only
explained around 4%. For the amount of sport and MVPA practiced, the results were similar.
When all lifestyle factors where included (Model 2c), the regression models with sport
participation explained much more of the difference of health outcomes between low and high
income than when MVPA was included.
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Within most income groups, sport participation as well as MVPA was associated with
improved health outcomes (Table 2.10). For Model 3b, which includes covariates for other
lifestyle indicators, no significant differences between income groups were observed, except for
mortality, where the low income group had a significantly lower hazard ratio (HR = 0.76) than
the middle income group (HR = 1.05). These results were similar to the those for the model
without other lifestyle variables (Model 3a, see Table A2.2 in the Appendix).

Table 2.8: Outcomes of Model 1 (age, sex and income as covariates) for mortality, T2DM
and obesity Estimates for sport and MVPA indicators in separate regressions. Hazard
ratios with 95% confidence intervals.
Variable
Mortality
T2DM
Obesity
Sport
Sport participation
0.82 (0.71-0.94)
0.69 (0.60-0.80)
0.74 (0.68-0.81)
Amount (reference = no sport)
Q1
0.85 (0.68-1.06)
0.63 (0.49-0.81)
0.72 (0.63-0.82)
Q2
0.90 (0.73-1.11)
0.80 (0.64-1.00)
0.74 (0.65-0.85)
Q3
0.75 (0.57-1.00)
0.60 (0.45-0.82)
0.68 (0.58-0.80)
Q4
0.91 (0.71-1.15)
0.69 (0.53-0.91)
0.83 (0.72-0.96)
Q5
0.66 (0.5-0.86)
0.70 (0.53-0.91)
0.74 (0.63-0.87)
SREE (reference = no sport)
Q1
0.91 (0.74-1.13)
0.74 (0.58-0.93)
0.76 (0.66-0.87)
Q2
0.82 (0.63-1.05)
0.72 (0.56-0.93)
0.71 (0.61-0.82)
Q3
0.82 (0.64-1.06)
0.69 (0.53-0.89)
0.72 (0.62-0.83)
Q4
0.81 (0.63-1.05)
0.73 (0.56-0.94)
0.74 (0.64-0.86)
Q5
0.71 (0.55-0.92)
0.58 (0.44-0.77)
0.78 (0.67-0.90)
Sport type (reference = no sport)
Individual
0.83 (0.70-0.99)
0.58 (0.48-0.70)
0.66 (0.59-0.74)
Semi-individual
0.79 (0.63-0.99)
0.57 (0.44-0.73)
0.57 (0.49-0.66)
Team
0.55 (0.38-0.79)
0.56 (0.40-0.78)
0.59 (0.50-0.70)
Fitness
0.92 (0.77-1.10)
0.77 (0.64-0.93)
0.89 (0.80-0.99)
Number of sports (reference = no sport)
1
0.83 (0.71-0.97)
0.77 (0.66-0.91)
0.80 (0.73-0.88)
2
0.84 (0.68-1.04)
0.54 (0.42-0.70)
0.65 (0.57-0.74)
3
0.70 (0.46-1.07)
0.57 (0.37-0.89)
0.68 (0.54-0.87)
4 or more
0.47 (0.15-1.48)
0.57 (0.21-1.52)
0.39 (0.20-0.74)
Physical Activity (Moderate to Vigorous Physical Activity)
Doing MVPA
0.77 (0.64-0.93)
0.64 (0.53-0.77)
0.66 (0.59-0.74)
MVPA amount (reference = no MVPA)
Q1
0.82 (0.65-1.04)
0.74 (0.59-0.94)
0.72 (0.63-0.83)
Q2
0.77 (0.60-0.99)
0.76 (0.59-0.97)
0.68 (0.58-0.79)
Q3
0.71 (0.56-0.91)
0.55 (0.43-0.72)
0.65 (0.57-0.76)
Q4
0.73 (0.57-0.93)
0.56 (0.43-0.72)
0.60 (0.52-0.70)
Q5
0.82 (0.66-1.02)
0.61 (0.48-0.78)
0.65 (0.56-0.75)
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Table 2.9 Outcomes of Models 2a, 2b and 2c, showing the socioeconomic gradient in
health outcomes (hazard ratio for low income, with high income as reference)
Mortality
T2DM
Obesity
HR
Delta
HR
Delta
HR
Delta
Model
Model 2a (covariates: sex, age)
No Sport/PA indicator
1.381
1.507
1.298
Model 2b (covariates: sex, age +…)
Sport
Sport participation
1.311
16.0%
1.402
17.6%
1.240
17.6%
Sport amount
1.309
16.4%
1.405
17.1%
1.238
18.0%
SREE
1.302
18.2%
1.399
18.1%
1.239
17.8%
Sport type
1.320
13.8%
1.383
20.9%
1.232
19.9%
# Sports
1.313
15.7%
1.394
19.0%
1.238
18.0%
Amount + SREE + type + # sports
1.301
18.5%
1.367
23.7%
1.218
24.3%
Physical activity
MVPA participation
1.367
3.0%
1.483
3.9%
1.285
3.9%
MVPA amount
1.361
4.4%
1.483
3.8%
1.280
5.3%
Model 2c (covariates: sex, age, smoking, alcohol, diet +…)
Sport participation
1.224
37.3%
1.325
31.4%
1.306
-2.3%
MVPA participation
1.260
28.4%
1.417
15.1%
1.359
-17.7%
Notes: HR = hazard ratio for low education (with high education = 1); Delta = relative contribution of
PA/Sport participation indicator in the socioeconomic gradient, with no sport/PA (Model 2a) as
reference.
Table 2.10: Outcomes of Model 3b for sport participation (with age, sex and lifestyle
factors as covariates) for mortality, T2DM and obesity, by income level (low, middle,
high)
Mortality
Variable

Low

Middle

T2DM
High

Low

Middle

Obesity
High

Low

Middle

0.72
0.73
0.73
1.13
0.70
0.81
1.44
1.34
Sex
(0.56(0.57(0.55- (0.85(0.55(0.62(1.18(1.140.94)
0.90)
1.74)
1.57)
0.93)
0.97)
1.50)
1.07)
1.10
1.10
1.11
1.06
1.06
1.05
1.01
1.01
Age
(1.09(1.09(1.10- (1.04(1.05(1.03(1.01(1.001.12)
1.07)
1.02)
1.02)
1.12)
1.13)
1.07)
1.06)
0.76
1.05
0.94
0.72
0.78
0.64
0.71
0.67
Sport
(0.59(0.82(0.72- (0.55(0.61(0.49(0.59(0.58part.
1.34)
0.99)
0.99)
1.23)
0.94)
0.84)
0.84)
0.78)
2.38
1.51
1.48
1.10
1.20
0.96
0.99
1.17
Smoking
(1.8(1.12(1.05- (0.79(0.88(0.67(0.81(0.972.08)
1.52)
1.38)
1.22)
3.14)
2.05)
1.64)
1.41)
1.22
1.19
1.05
0.85
0.72
0.86
0.59
0.87
Alcohol
(0.89(0.89(0.77- (0.56(0.51(0.60(0.42(0.681.59)
1.03)
1.68)
1.44)
1.27)
1.23)
0.82)
1.10)
0.97
0.96
0.97
0.97
0.97
0.96
1.00
1.00
Diet
(0.95(0.94(0.95- (0.95(0.95(0.94(0.98(0.990.98)
1.00)
1.00)
0.99)
0.99)
0.98)
1.01)
1.02)
Note: Estimates for sport and MVPA indicators in separate regressions. Hazard ratios with 95%
confidence intervals in brackets.
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High
1.14
(0.971.34)
1.01
(1.001.02)
0.80
(0.670.94)
1.27
(1.041.55)
0.69
(0.540.88)
0.99
(0.971.00)

2.4 Discussion
The objective of this study was to investigate to what extent sport participation and some of its
characteristics were associated with mortality, T2DM and obesity between and within
socioeconomic groups. First we showed that there was a large socioeconomic gradient in sport
participation as well as health. Among high educated persons, almost 70% of the sample
participated in sport while among individuals with low education this figure was only 45%. By
contrast, for persons that practiced sports, socioeconomic differences in the amount of sport
practiced, SREE, type and number of sports practiced, were relatively small.
Using Cox proportional hazard regressions, we demonstrated that sport participation
was significantly associated with lower odds for mortality, T2DM and obesity. This corresponds
to the consensus of the sport and health literature (Khan, 2012). There are some, often small,
differences in the health effects between the amount of sport practiced and the energy expended,
but these differences are not significant and therefore we find no evidence for a dose-response
relationship. This implies that doing more not necessarily improves health. Although several
scholars do find (various shapes) of the dose-response relationship, there does not seem to be
consensus on this matter (Oja et al., 2015). In our research the size of the health effects varied
between types of sports. Although fitness activities were found to have some effect on health
outcomes (compared with practicing no sport), this effect was only significant for T2DM. For all
health outcomes, fitness activities were found to be associated with significantly higher hazard
ratios than the other sport types. This suggests that fitness activities may be less beneficial for
health than other forms of sport or physical activity. At first sight, our findings seem to contradict
the outcomes of a cross-sectional study by Schroeder et al. (2017), who find that health club
member have more favorable cardiovascular health outcomes than non-members. Apart from
the study design there may be some other reasons for the differences in the results. Health and
fitness club members are much more likely to stop (and start) practicing that sport than, for
instance, team sport members (MacIntosh & Law, 2015). This may have an effect in our
longitudinal approach, where many of the individuals practicing fitness activities at baseline
measurement may have stopped or changed their sport behavior at follow-up. Another reasons
for the seemingly limited health effects of fitness activities may be in the (pluriform)
characteristics of fitness activities (e.g. yoga versus aqua spinning). Because fitness is such a
popular type of PA, and the (presumed) health benefits are the main reason for practicing fitness
activities, it would be very valuable for future studies to look more closely into the longitudinal
health effects of these activities. This may also lead to insights that could improve the lasting
health benefits of fitness activities.
Our study is the first to examine the effects of sport participation, rather than PA in
general, on socioeconomic differences in health. We find that the contribution of sport
participation in explaining the socioeconomic gradient of education varied between 11% for
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obesity to 22% for mortality. Remarkably, these effects sizes of sport participation were more
than twice the effects sizes for MVPA, varying from 5% for obesity to 9% for mortality. This latter
number is consistent with the reduction found for all-cause mortality in the French GAZEL study
(8%) but less than in the British Whitehall II study (21%) (Stringhini, et al., 2011). Our findings
suggest that, more than for general PA, improving sport participation among low SES groups
may be an important means to battle socioeconomic health inequalities. This is in line with the
findings of De Boer et al. (2020) who showed that sport participation was stronger related to
socioeconomic inequalities in health care costs than compliance with MVPA guidelines in
general.
For the three educational levels (Model 3), we found that the associations between sport
indicators and health outcomes were to a large extent similar to the findings for the whole sample
(Model 1). The main difference was that the associations were mostly non-significant for the SES
categories, due to a lack of power. Future research with follow-up measurements at the third
wave of the Lifelines cohort study will have a much larger number of incidences, especially for
mortality and T2DM, and will thus enhance the power of the statistical analysis. However, our
research outcomes show that the differences in health effects of sport participation
characteristics between SES groups are relatively small and not significant. Thus, we find no
evidence of a socioeconomic gradient in the effectiveness of sport participation (or of its aspects)
on health outcomes. When other lifestyle factors were included in the models, the hazard ratios
for sport participation were somewhat higher for mortality and T2DM. For obesity however, the
opposite is true, which suggests that sport participation is an important factor for battling the
obesity pandemic.
We also performed the same analyses with income as an indicator for SES. Compared
with education, income-related health inequalities were much larger for mortality and much
smaller for obesity. Nevertheless, the sensitivity analysis confirmed that sport participation
explains much more of the socioeconomic gradient in health outcomes than MVPA. If anything,
the size effect of sport participation was larger for income-related health inequalities (around a
fourfold) than for education-related health inequalities (twofold). This implies that increasing
sport participation levels among low-income groups is likely to be even more effective in
lowering health differences with more affluent groups, than for low educational groups.
Strengths of this research are the population size of the Lifelines cohort and longitudinal
study design, including detailed assessment of physical activities by use of the extensive
SQUASH questionnaire. The data on health outcomes have been gathered through valid
measurement methods, by using administrative records (mortality), anthropometry (obesity)
and blood samples (T2DM). Although our research followed the concepts of other studies, we
dug deeper into the role of sport participation than any other study on socioeconomic differences
in health.
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The limitations of our research must also be noted. First of all, several variables,
including those on sport and PA participation were self-reported by the respondents. This may
bias the results in several ways and this can lead to over- and underestimation of risks for health
outcomes (Gorber & Tremblay, 2016). Future research using direct measurement methods, such
as digital physical activity trackers, may be used to verify the results of our research. Second, the
relatively small period between baseline and follow-up measurements leads to a low number of
incidence. This impeded the statistical power of the outcomes, especially when we stratified for
SES. Future research with more waves of the Lifelines cohort study may lead to more robust
results. Third, we must take into account that PA, sport participation and health are not
independent. For instance, overweight and obesity can be the result of (previous) sport behavior
but it may also lead to reduced possibilities to be physically active or participate in a specific
(type of) sports. Although we controlled for various indicators related to health behavior, and
omitted persons with cardiovascular diseases, cancer and self-reported bad health from our
analysis, conclusions about causality cannot be drawn. Fourth, without follow-up measurement
of PA and sport participation, our results do not take into account cannot changes in sport and
PA behavior. Since sport and PA participation generally declines with age, our findings may
underestimate their effects on health outcomes (Gabrys, et al., 2021; Eime et al., 2016). Fifth,
fitness activities were categorized as a type of sports, using the SQUASH questionnaire.
However, there are studies that exclude fitness activities from the definition of sport. For
instance, Khan et al. (2012) make a distinction between sport and exercise, where the latter, but
not the former, includes going to the gym. However, there is consensus that sport and exercise
are both part of the PA. Some studies in this field do define the concept of sport participation
differently, or not at all. This limits the comparability of our findings. We recommend for future
research to clearly demarcate sport participation when outlining the study method.

2.5 Conclusion
The aim of this study was to investigate to what extent sport participation and several of its facets
were associated with health outcomes and whether there are differences between as well as
within different socioeconomic groups. We find that there are large socioeconomic differences
in sport participation. Sport participation is associated with significantly lower mortality, T2DM
and obesity. However we find no evidence for additional dose-response effects in terms of the
amount of sport practiced, sport related energy expended or number of sports practiced.
Between types of sport, there are some differences, with fitness activities being associated with
significantly less health benefits than individual, semi-individual and, especially, team sports.
Our findings also show that that socioeconomic differences in health outcomes can to a
considerable extent be contributed to inequalities in sport participation. This contribution is
much larger for sport participation than for MVPA. We do not find large, or significant,
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differences between SES categories in the association of sport participation with health
outcomes. Hence, the differences between SES categories in the rate of sport participation is a
main driver of socioeconomic health differences. Our results suggest that to reduce the
socioeconomic inequalities in health, public health policies should focus on increasing the
participation levels sport, rather than MVPA, for low SES groups.
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Appendix
Figure A2.1: Flow chart data selection Lifelines

Full sample LifeLines
(n = 167,729)

No
PA and SES data
valid and
complete?

drop 68,546
observations

Yes

No
drop 14,953
observations

covariates valid
and complete?

Yes

Dataset all-cause mortality
(n = 84,230)

No

follow-up data T2
diabetes?

No

follow-up BMI
measurement T2?

drop 27,713
observations

Yes

Yes

Dataset T2 diabetes
(n = 56,517)

Dataset T2 obesity
(n = 49,435)

40

drop 34,759
observations

41

42

Chapter |3|
Chapter 3. Sport participation and health inequalities by
health status
How are sport participation, and other forms of physical activity, related
to mortality, diabetes and prediabetes for different Body Mass Index
levels?2

Abstract
Objectives: Physical activity (PA) has many positive health effects. However, relatively limited research
has been undertaken to explore the health effects of PA types, including sport participation. Stratifying
the health effects of PA and sport on different levels of BMI may help identifying PA types as potential
successful health interventions. We examined the associations of different types of PA with prediabetes
type 2 diabetes mellitus (T2DM) and all-cause mortality for three BMI-level subpopulations.
Methods: We used the Lifelines cohort study with 97,212 individuals (58.4% women; mean age: 46.5
years) to research the associations between five types of leisure-time PA (sport participation, cycling,
gardening, doing odd jobs and walking) and the risk of prediabetes, T2DM and all-cause mortality. We
used Cox proportional hazards regression with adjustment for potential confounders to estimate the
health risks, stratified for persons with a healthy weight, overweight and obesity.
Results: Sport participation was associated with lower health risks, but only significantly so for
prediabetes (HR = 0.86, 95% CI: 0.81-0.92). For healthy weight persons, sport participation was
associated with the largest risk reductions, with significantly lower risks of prediabetes (HR = 0.78, 95%
CI: 0.68-0.90) and all-cause mortality (HR = 0.79, 95% CI 0.65-0.96). Other PA types were not
associated with significantly lower health risks, with the exception of cycling, for which significantly
lower health risks for persons with overweight were found.
Conclusion: Our findings show that sport participation is associated with lower health risks, especially
prediabetes, but the effect varies between BMI levels, with the strongest link for persons with a healthy
weight. Sport participation, together with cycling, is likely to be more effective in reducing health risks
than other types of PA.

Joint work with L.H. Dekker, E. Corpeleijn, J.O. Mierau and R.H. Koning. A condensed version of this
chapter has been published in Scandinavian Journal of Medicine & Science in Sports as De Boer et al.
(2021a).
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3.1 Introduction
The prevalence of overweight and obesity has increased rapidly over the past decades throughout
the world (Ng et al., 2014). This has raised serious public health concerns because of the
association between overweight and obesity and increased risk of a wide range of chronic
diseases, including cardiovascular diseases, type 2 diabetes mellitus (T2DM), and all-cause
mortality (He & Baker, 2004; Meigs et al., 2006; PSC, 2009; Aune et al., 2016). It is well
established that physical activity (PA) has many positive health benefits, including increased life
expectancy and reduced chances of being diagnosed with cardiovascular diseases (CVD) (Geiss
et al., 2010; Koolhaas et al., 2017; Cosentino et al., 2019). In addition, physical inactivity has
large economic consequences, including health care costs and productivity loss (Ding et al.,
2016; De Boer et al., 2020). Worldwide, PA guidelines and policies have been established to
promote PA, but with limited effect, and physical inactivity has been identified as a ‘pandemic’
by the World Health Organization (Haskell., et al., 2009; Khan et al., 2012; Kohl et al., 2012).
Although the health effects of PA in general have been studied extensively, for sport
participation knowledge is limited. Several observational population studies have shown that
participation in specific sports increases life expectancy and reduces risk of CVD (Khan et al.,
2012; Oja et al., 2015; Oja et al., 2017; Pedisic et al., 2019). In addition, Koolhaas et al. (2018)
found that, for middle-aged persons, sport participation is the only PA type associated with a
higher health-related quality of life. These findings suggest that sport participation can be more
effective in improving health than other types of PA. However, little is known about the
association of sport participation with other specific health outcomes, such as the incidence of
T2DM and prediabetes.
Research (Cavill et al., 2001; Goodpaster et al., 2010; Pedisic et al., 2019) has also shown
that the effects of PA on health outcomes can differ by socioeconomic background, lifestyle and
initial health status. PA in general has been found to significantly contribute to reducing risks of
health problems and improve health for specific risk-groups, such as overweight and obese
individuals (He & Baker, 2004; Oja & Titze, 2011; Expert Panel Members et al., 2014). Gill and
Cooper (2008) found that an individual’s BMI level plays a major role for the risk of being
diagnosed with T2DM. Consequently, a ‘one size fits all’ mass–population strategy may not
provide the most appropriate approach (O’Hagan et al., 2013). This leads to the question to what
extent sport participation is associated with lower health risks for different levels of BMI, in
comparison to other types of leisure-time PA. However, to our knowledge, no study exists that
investigates the relationship between sport participation and health outcomes in relation to BMI
levels(Loureiro & Nayga Jr, 2006).
The objective of our study is to investigate the association of sport participation with the
incidence of prediabetes, T2DM and all-cause mortality, and assess this association across
individuals with healthy weight, overweight and obesity. In addition, we compared the outcomes
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of sport participation with those of the other types of leisure-time PA: cycling, gardening, doing
odd jobs and walking.

3.2. Methods
3.2.1 Data
The Lifelines cohort study (Scholtens et al., 2015) is a large population-based cohort study and
biobank of 167,729 persons living in the Northern part of the Netherlands. Participants are
screened through physical examination, including anthropometry. In addition, they fill in
questionnaires on, amongst others, demographics, health status, lifestyle and psychosocial
matters. The Lifelines study is constructed conform the Declaration of Helsinki (Scholtens et al.,
2015). All participants of Lifelines signed a declaration, where he/she approved of the use of the
(anonymized) data and material for scientific purposes. Baseline measurements (1A) took place
from 2006 until 2013. A full-population follow-up measurement (2A) was conducted between
2014 and 2017, with new physical examinations and questionnaires for the full (surviving)
population. Intermediate questionnaire surveys (1B and 1C) were conducted with an interval of
around 1.5 years. From the 167,729 participants of the Lifelines study, we excluded persons
under age 25, a BMI below 18.5 or with missing or implausible data for any of the variables
included in our analysis. In total, 97,212 participants were eligible for our study on all-cause
mortality (see flow chart Fig. A3.1 in the Appendix). Due to a limited response to the follow-up
questionnaires and glucose measurement and exclusion of persons with prediabetes at baseline
(for the analysis of the incidence of prediabetes at follow-up), the remaining sample size was
76,141 for T2DM and 54,452 for prediabetes.
Sport participation, as well as the other types of PA (cycling, gardening, doing odd jobs
and walking), were assessed using the short questionnaire to assess health-enhancing physical
activity questionnaire (SQUASH). SQUASH is a validated questionnaire that inquires
participants about the frequency and duration of participation in several types of PA, including
sport participation (Wendel-Vos et al., 2003). Respondents were asked about their amount of
PA in minutes per week, for a normal week in the preceding months. In SQUASH, cycling and
walking are only considered part of sport participation if they were done as a leisure time sport
discipline (i.e. leisure time cycling with a racing bike or a mountain bike), while for all other
purposes (such as commuting or shopping) they are categorized as the separate ‘cycling’ and
‘walking’ PA types. An individual can thus take part in both cycling as a sport and cycling for
other purposes, but the amount of time spend participating in one or the other must be allocated
to each specific PA type (in order to avoid double counting). For BMI, height and weight were
measured using standard anthropometry procedures at baseline (Scholtens et al., 2015). Persons
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with a BMI of 18.5 to 24.9 kg/m2 were classified as ‘healthy weight’, those with a BMI of 25.0 to
29.9 kg/m2 as ‘overweight’ and 30.0 kg/m2 and higher as ‘obese’.
Outcome variables in our analysis were dummy variables for the incidence of
prediabetes, T2DM and all-cause mortality, measured at any time beyond baseline. Following
the 2003 American Diabetes Association diagnostic criteria (ADA), participants who registered
a fasting glucose from 5.6 to 6.9 mmol/L at follow-up were identified as incident cases for
prediabetes (WHO, 2006). Following Dêschenes et al. (2018), participants were identified as
having T2DM at a follow-up period (1B, 1C or 2A), if they (1) self-reported a newly developed
doctor-diagnosed T2DM; (2) were measured to have a fasting glucose value of 7.0 mmol/L or
higher; or (3) had a hemoglobin A1c (HbA1c, the hemoglobin type that is bound to glucose) value
of 6.5%. Mortality is registered in Lifelines on a monthly basis and we used data to the end of
2019.
To adjust for confounding, we followed the model of Pedicic et al. (2019), which uses
directed acyclic graphs to show the relation between possible confounders on sport participation
and all-cause mortality risk. We believe this model is also applicable to other PA types and health
outcomes. The model includes sociodemographic factors, unhealthy lifestyle, adiposity, health
status and amount of PA as confounders. For socioeconomic determinants we included age, sex,
education and net household income in the analysis. Lifestyle variables included alcohol
consumption, smoking status and diet quality (i.e. the Lifelines Diet Score, see Dekker et al.,
2017). For health status, the presence of depression and burn-out for mental health was included
as well as doctor-diagnosed cardiovascular diseases and cancer. In addition, the amount of
leisure time was included as a covariate as well as subjective well-being (following the RAND-36
questionnaire) to account for general health status (Hays & Morales, 2001). Finally, the PA type
categories are not exclusive, i.e. one person can be a participant in more than one PA type. To
account for physical activities other than the one that is investigated we calculated an physical
activity score (PA Score) for each individual, based on the amount of participation in these other
physical activities. Here this covariate is calculated by multiplying the number of hours being
physically active in a given PA type by the metabolic equivalent (MET), summed over all PA types
except the PA type for which the health effect was being estimated (Ainsworth et al., 2011). This
PA Score is therefore different for every PA type.
3.2.2 Analysis
In this study we assessed the associations between sport participation (any versus none) and the
incidence of prediabetes, T2DM and all-cause mortality, for three BMI types. For this analysis,
we estimated several Cox proportional hazard regression models. The Cox proportional hazard
model was chosen because it can take into account the time-to-event, i.e. the time between
baseline measurement (1A) and the first moment of incidence; as well as time-at-risk, i.e. the
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time between baseline and the last measurement (2A for prediabetes and T2DM, or the end of
2019 for morbidity). For each model, the hazard ratio was measured for participating in a certain
type of PA, compared with not participating in that type of PA (with a set hazard ratio of 1). In
addition, the data for each type of PA differed on one covariate: the amount of PA done on other
PA types (PA Score).
First, we estimated the association of sport participation with prediabetes and T2DM
incidence and all-cause mortality, with only age and sex as covariates (Model 1). This model was
estimated for sport participation as well as the other PA types. The hazard function of Model 1
is:
h(t)=ℎ (t) × exp (./01 Sport +   +  )

(3.1)

where t represents the time between baseline measurement and the time of observation of the
event (incidence of prediabetes, T2DM or mortality) or end of final observation in the case of no
event. The hazard function h(t) is determined by sport participation (Sport) and a set of
covariates (age and sex), with ℎ (t) the hazard when covariates and sport participation are equal
to zero. The hazard varies over time (t), but equals one at baseline measurement (ℎ(0) = 1). The
quantity exp(./01 Sport) is the hazard ratio (HR) for participating in sport. A hazard ratio
below one (HR <1) indicates that participating in sport leads to a smaller chance of incidence of
the health outcome (such as being diagnosed with prediabetes) and thus an increased length of
survival. Similarly the coefficients ( ,  ) measured the effect sizes of covariates. Similar models
were analyzed for the other four PA types.
Next, a model with all covariates (as mentioned above) including BMI-level dummy
variables (for overweight and obesity) was estimated (Model 2). This second Cox proportional
hazard model included all relevant covariates (j) that were available (see Table 3.1), including
dummy variables for the BMI levels ‘overweight’ and ‘obese’:
4

h(t)=ℎ (t) × exp (./01 Sport + ∑

 23 ).

(3.2)

Next, we estimated the association of sport participation stratified by BMI level
subpopulations (Models 3). In this model, BMI level variables were excluded, as well as nonrelevant covariates. To determine the relevant covariates for the final models, we used the logrank test of equality (together with Kaplan-Meier survival plots) to examine the proportional
hazards association of sport participation, PA types and potential confounders with the outcome
measures. Only potential confounders (j=1,…, n) with a p-value below 0.2 were included in the
full Model 3. This model can be written as an expanded version of equation (3.2):
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hj(t)= ℎ,- (t) × exp (./01,- Sport + ∑5

, ,-

23,- )

(3.3)

where k represents the population with a healthy BMI (k=1), overweight (k=2) or obesity (k=3).
For comparison reasons, we also analyzed similar models for the other four PA types in place of
sport participation.
So, the 3 types of Models mentioned above were estimated for 5 different PA types. Since
our main focus was on sport participation as an explanatory variable, we additionally
investigated the interaction of sport participation and BMI-type in a Cox proportional hazards
regression (Model 4):
h(t)=ℎ (t) × exp (./01 Sport +  6237ℎ +  68 +
 6237ℎ ∗ 9:3 + ' 68 ∗ 9:3)

(3.4)

For each of the models, we present the hazard ratio (HR) for participating in a given PA
type with a 95% confidence interval (CI) and p-values, with HRs with a p-value below 0.05
identified as statistically significant. Analysis was carried out with Stata 13 (Stata Corp. LLC,
College Station, Texas, USA).

3.3. Results
Population characteristics at baseline measurement of the full dataset (for all-cause mortality)
are presented in Table 3.1. Follow-up was on average 4.8 ± 2.1 years for both prediabetes and
diabetes, corresponding to 258,147 and 357,913 person years of survival, respectively. For allcause mortality, follow-up was 7.7 ± 1.6 years, corresponding to 753,197 person years. Incidence
was 3,547 for prediabetes, 1,086 for diabetes and 1,379 for all-cause mortality (see also Table
A3.1 in the Appendix). For all three health outcomes, the incidence rate was lowest for the
healthy weight category and highest for obesity.
The all-cause mortality study group was predominantly female (58.4%) with an average
age of 46.5 years at baseline. Females and middle-aged persons are over-represented compared
with the general population of the Northern part of the Netherlands, but this is in line with the
total population of Lifelines.(Ainsworth et al., 2011) Of the population, 43.3% was of a healthy
weight (median BMI 22.9 kg/m2), 41.0% was overweight (median BMI 26.9 kg/m2) and 15.7%
was obese (median BMI 32.4 kg/m2). Persons with a healthy weight participated more in sport
(61.9%) than overweight persons (55.3%), while less than half (46.0%) of the obese persons
participated in sport.
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Table 3.1: Population characteristics at baseline, for the all-cause mortality sample, by
BMI category
Healthy weight
(BMI 18.5-24.9
kg/m2)
42,139
65.9
44.3

Overweight
(BMI 25.029.9 kg/m2)
39,819
49.2
48.2

Obese
(BMI >=
30.0 kg/m2)
15,254
61.6
48.0

All

Variable
Observations
97,212
Sex (% female)
58.4
Age
46.5
Education
Low (%)
22.2
32.3
39.0
29.0
High (%)
40.5
29.5
21.4
33.0
Income
Low (< 2000 Euro, %)
23.5
22.5
28.5
23.9
High (> 3000 Euro, %)
34.8
32.9
24.3
32.3
Smoking
Current (%)
20.1
18.9
17.7
19.2
Former, excl. current (%)
30.0
38.1
38.8
34.7
Alcohol
No/little (< 1 glass/week, %)
15.3
15.7
25.8
17.1
Heavy (>= 5 days/week, %)
13.1
13.5
8.8
12.6
Nutrition (Lifelines Diet Score)
24.7
24.3
23.9
24.4
Leisure time (avg. min./week)
535.2
582.3
517.8
551.8
PA score per week (median)
115.6
117.5
109.4
115.4
Leisure-time PA score (median)
30.5
33.0
27.0
31.0
CVD at baseline (%)
7.9
9.5
11.3
9.1
Cancer at baseline (%)
4.6
5.3
5.2
5.0
BMI (median)
22.9
26.9
32.4
25.5
Explanatory variables
Sport participation (any, %)
61.9
55.3
46.0
56.7
Other types of physical activity
Cycling, not in sport (any, %)
66.3
64.5
59.8
64.5
Gardening (any, %)
56.3
58.3
51.1
56.3
Odd jobs (any, %)
40.8
48.8
40.4
44.0
Walking, not in sport (any, %)
78.2
76.7
73.4
76.8
Dependent variables
Prediabetes (ADA) at follow-up (%)
3.4
8.1
13.3
6.5
T2DM at follow-up (ex. baseline; %)
0.5
1.6
3.9
1.4
All-cause mortality (until 2019, %)
1.0
1.7
1.8
1.4
Notes: BMI = Body Mass Index; PA = physical activity, CVD = Cardiovascular Disease; T2DM =Type 2
Diabetes Mellitus

The all-cause mortality study group was somewhat older and included relatively more
higher educated and high income individuals than the full Lifelines dataset (see Table A3.2 for a
more detailed breakdown of the datasets). The main reason for this is the exclusion of persons
below 25 years old. For the T2DM and prediabetes study groups, the sample was to a large extent
similar to the mortality study group, albeit with more females and fewer low income individuals.
This is fully the result of selection based on exclusion of persons who had, at baseline, incidence
or incomplete data for T2DM (exclusion of 21,071 individuals) or prediabetes (another 21,689
persons excluded). Males and low income groups are known to be more at risk for these diseases
(Kavanagh et al., 2010). As with the whole Lifelines population (Klijs et al., 2015), the risks of
selection bias for the subpopulations appear to be relatively small.
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Table 3.2 shows the outcomes of Cox proportional hazard ratio regressions models for
sport participation, as well as the other PA types, with age and sex as confounders (Model 1). In
this simple model, sport participation was associated with significant reduced risks for all health
outcomes, with the largest reduced risk (HR = 0.68, 95% CI 0.60 to 0.77) for T2DM. Of the other
PA types, only cycling was associated with significantly lower risk for all three health outcomes.
Table 3.2 Associations between doing physical activity (PA) at baseline and prediabetes,
diabetes type 2 and all-cause mortality in adults at follow-up (Model 1).
Prediabetes

T2DM

Mortality

PA type
Sport participation

HR (95% CI)
0.74 (0.69 -0.79)**

HR (95% CI)
0.68 (0.60-0.77)**

HR (95% CI)
0.78 (0.70-0.87)**

Cycling

0.83 (0.77-0.89)**

0.64 (0.56-0.73)**

0.69 (0.61-0.77)**

Gardening
0.94 (0.88-1.01)
0.88 (0.77-0.99)*
0.80 (0.72-0.89)**
Odd jobs
0.95 (0.88-1.02)
1.00 (0.88-1.15)
0.91 (0.81-1.03)
Walking
0.96(0.89-1.04)
0.82 (0.71-0.94)**
0.89 (0.79-1.01)
Notes: HR = hazard ratio; CI = confidence interval. H hazard ratios for separate univariate model
outcomes, adjusted for age and sex (Models 1), for 5 types of PA.
*p < 0.05, ** p < 0.01, hazard ratios compared not participating in that kind of PA.

Table 3.3 shows the outcomes of full model Cox hazards ratio regressions, including BMI
type as a confounder (Model 2), for sport participation on all three health outcomes. Sport
participation was associated with a significantly lower risk for prediabetes (HR=0.86, 95% CI
0.81 to 0.92). For T2DM (HR=0.88, 95% CI 0.78 to 1.00) and all-cause mortality (HR=0.91,
95% CI 0.81 to 1.01), the associated risks of sport participation were also lower, but insignificant.
For prediabetes and T2DM, but not mortality, overweight and obesity were significantly
associated with a much higher risk of incidence, when compared to healthy weight persons.
All of the log-rank tests of equality for the health effects sport participation had a p-value
of below 0.2, indicating a potential relationship between sport participation and the health
outcomes. In addition, Kaplan-Meier curves also showed lower survival rates for doing no sport
than participating in sport. Of the potential covariates, being diagnosed with burn-out, total
amount of PA (using the PA Score) and the amount of leisure time the log-rank tests showed pvalues that were (much) higher than 0.2. It was therefore highly unlikely that these variables
would contribute anything to a full model which includes other predictors. These variables were
therefore excluded from these final full model (Model 3). All the other potential confounders had
low p-values in the log-rank tests and therefore were included these models.
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Table 3.3 Model outcomes (hazard ratios) for the associations between sport
participation and prediabetes. diabetes type 2 and all-cause mortality (Model 2)

Variable
Sport participation
Sex (female)
Age
Current smoker
Former smoker
No/little alchohol
High alcohol
Lifelines Diet Score
CVD
Cancer
Subjective well-being
Depression
Education low
Education high
Low income
High income
Overweight (BMI type)
Obese (BMI type)
*p < 0.05, ** p < 0.01

Prediabetes

T2DM

HR (95%CI)
0.86 (0.81-0.92)**

HR (95%CI)
0.88 (0.78-1.00)*

All-cause
mortality
HR (95%CI)
0.91 (0.81-1.01)

0.52 (0.49-0.56)**
1.03 (1.03-1.03)**
1.28 (1.17-1.41)
1.05 (0.97-1.13)
1.05 (0.95-1.16)
1.02 (0.93-1.12)
1.00 (0.99-1.00)
1.21 (1.09-1.35)**
1.03 (0.89-1.20)
1.05 (1.00-1.10)*
1.25 (1.08-1.43)**
1.02 (0.94-1.10)
0.81 (0.74-0.89)**
1.04 (0.95-1.13)
1.05 (0.97-1.14)
1.90 (1.81-1.99)**
3.60 (3.22-4.01)**

0.85 (0.75-0.97)*
1.05 (1.04-1.05)**
1.32 (1.12-1.57)**
1.16 (1.01-1.33)*
1.22 (1.05-1.43)*
0.99 (0.83-1.18)
0.98 (0.97-0.99)**
1.36 (1.15-1.92)**
0.81 (0.62-1.06)
1.35 (1.23-1.47)**
1.17 (0.92-1.49)
1.13 (0.98-1.30)
0.98 (0.83-1.16)
1.08 (0.94-1.25)
1.06 (0.91-1.24)
2.49 (2.28-2.72) **
3.89 (3.26-4.71)**

0.73 (0.65-0.82)**
1.10 (1.10-1.11)**
1.94 (1.65-2.27)**
1.24 (1.09-1.41)**
1.19 (1.03-1.37)*
1.12 (0.98-1.28)
0.97 (0.96-0.98)**
1.36 (1.19-1.56)**
2.25 (1.96-2.57)**
1.24 (1.15-1.34)**
1.38 (1.11-1.71)**
0.81 (0.72-0.93)**
0.90 (0.78-1.05)
1.17 (1.03-1.33)*
0.93 (0.81-1.08)
1.04 (0.97-1.13)
1.09 (1.01-1.19)*

Table 3.4 shows the results of the final model (Model 3) multivariate analyses of the
association with prediabetes, T2DM and all-cause mortality for sport participation, as well as
other PA types, by BMI type. For prediabetes, sport participation was associated with risk
reductions for all three BMI types. For healthy weight (HR=0.78, 95% CI 0.68 to 0.90) and
overweight (HR=0.88, 95% CI 0.80 to 0.97) this reduction is significant, but not for obese
persons (HR=0.90, 95% CI 0.79 to 1.03). Moreover, the difference in reduction of the
prediabetes risk associated with sport participation, between persons on a healthy weight and
those with obesity, was significant. Most other PA types had hazard ratios around 1, indicating
no association with lower prediabetes risks. However, for persons with overweight, cycling was
associated with a significantly lower risk of prediabetes.
The full model analysis of the associated risks of T2DM shows that sport participation is
associated with lower, but not significant, T2DM risks for person with a healthy weight
(HR=0.86, 95% CI 0.63 to 1.19) and overweight (HR=0.86, 95% CI 0.71 to 1.03). The HR for
obesity was somewhat higher but also below 1.00 (HR=0.93, 95% CI 0.78 to 1.13). In
comparison, cycling is associated with a significant lower T2DM risk for overweight persons (HR
= 0.72, 95% CI 0.59 to 0.87), while also having lower hazard ratios than sport participation for
the other BMI types. By contrast, the other PA types had higher HRs and were not significantly
associated with lower T2DM risks for any of the BMI types.
For all-cause mortality, sport participation was found to be significantly associated with
lower all-cause mortality risks only for persons on a healthy weight (HR=0.79, 95% CI 0.65 to
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0.96). For obesity, the association of sport participation with all-cause mortality risks was even
somewhat higher than for non-participants (HR=1.06, 95% CI 0.83 to 1.36). Of the other PA
types, cycling was significantly associated with lower all-cause mortality risks for all BMI types
and gardening for persons on a healthy weight. The largest risk reduction associated with cycling
was for obese persons (HR=0.73, 95% CI 0.57 to 0.93). For persons with obesity, all other PA
types are associated with non-significant, but lower all-cause mortality risks.
Finally, the outcomes of these interaction models (Model 4) for sport participation can
be seen in Table 3.5 below. Compared with persons with obesity (the baseline), sport
participation is associated with significant lower prediabetes risks for persons with a healthy
weight. Similarly, for all-cause mortality, sport participation is associated with significant lower
risks for both persons on a healthy weight and overweight. For T2DM no significant interaction
effects were measured.

Table 3.4 Outcomes of the Cox proportional hazard regression models for the association
of sport participation, and other types of PA, with prediabetes, T2DM and all-cause
mortality (Model 3).

PA type

Healthy weight
(BMI 18.5-24.9)
HR (95%CI)

Overweight
(BMI 25.0-29.9)
HR (95%CI)

Obese (BMIa 30.0 and
higher)
HR (95%CI)

Prediabetes
0.78 (0.68-0.90) **
0.88 (0.80-0.97) **
0.90 (0.79-1.03)
1.05 (0.89–1.23)
0.89 (0.81-0.99) *
0.90 (0.78-1.04)
0.89 (0.77-1.02)
1.06 (0.97-1.17)
0.99 (0.86-1.13)
1.00 (0.86-1.16)
0.92 (0.83-1.02)
1.00 (0.87-1.16)
1.06 (0.89-1.25)
1.05 (0.94-1.17)
1.00 (0.86.1.16)
T2DMc
Sport participation
0.86 (0.63-1.19)
0.86 (0.71-1.03)
0.93 (0.76-1.13)
Cycling
0.73 (0.52-1.04)
0.72 (0.59-0.87) **
0.87 (0.71-1.07)
Gardening
1.12 (0.81-1.54)
0.92 (0.76-1.10)
1.06 (0.87-1.28)
Odd jobs
0.98 (0.69-1.38)
0.89 (0.73-1.09)
1.37 (1.11-1.70) **
Walking
0.98 (0.66-1.44)
1.01 (0.82-1.25)
0.90 (0.73-1.11)
All-cause mortality
Sport participation
0.79 (0.65-0.96)*
0.94 (0.80-1.10)
1.06 (0.83-1.36)
Cycling
0.78 (0.63-0.98)*
0.82 (0.70-0.98) *
0.73 (0.57-0.93) *
Gardening
0.77 (0.63-0.94)**
0.94 (0.80-1.10)
0.83 (0.65-1.06)
Odd jobs
0.89 (0.72-1.10)
1.00 (0.85-1.19)
0.81 (0.62-1.07)
Walking
1.00 (0.79-1.27)
1.00 (0.84-1.20)
0.83 (0.64-1.07)
Note: : hazard ratios for separate univariate models, stratified by BMI type (Models 3), for 5 types of PA.
*p < 0.05, ** p < 0.01, hazard ratios compared not participating in that kind of PA.
Sport participation
Cycling
Gardening
Odd jobs
Walking

52

Table 3.5: Outcomes of cox proportional interaction hazard model (Model 4) on the
association of sport participation and BMI types at baseline and incidence prediabetes,
T2DM and all-cause mortality in adults at follow-up.

Variable
Sport participation

Prediabetes
HR
p-value
(95% CI)
0.84
0.008
(0.73-0.95)

Diabetes
HR
p-value
(95% CI)
0.79
0.018
(0.65-0.96)

Mortality
HR
p-value
(95% CI)
0.87
0.254
(0.68-1.11)

BMI type
Overweight

2.20
< 0.001
3.30
< 0.001
1.44
(1.96-2.48)
(2.55-4.27)
(1.23-1.70)
Obese
3.63
< 0.001
7.86
< 0.001
1.30
(3.18-4.15)
(6.06-10.20)
(1.06-1.59)
Interaction Sport participation * BMI type
Sport participation *
0.78
0.009
0.86
0.433
0.60
healthy weight
(0.65-0.94)
(0.60-1.24)
(0.44-0.81)
Sport participation *
0.92
0.312
0.86
0.267
0.75
overweight
(0.78-1.08)
(0.67-1.12)
(0.56-0.99)
Sport participation *
1
1
1
obese
(reference)
(reference)
(reference)
Note: Table shows separate univariate (i.e. no other covariates included) model outcomes with
interactions between sport participation and BMI type.

< 0.001
0.011

0.001
0.046

3.4 Discussion
In this study, we examined the association of sport participation with prediabetes, T2DM and
all-cause mortality. Our study contributes to the small, but growing, literature on the relation
between sport participation and health outcomes. By including prediabetes and T2DM, our
study ventured into new but interesting territory.
Our study is the first to stratify the relation of sport participation with health outcomes by BMI
types. Direct comparisons with similar stratifying strategies are thus limited.
We found that sport participation is associated with significantly reduced risks for
prediabetes for the healthy weight and overweight categories; and for T2DM for overweight
persons. Our study also shows that sport participation improves life expectancy and the odds for
prediabetes incidence significantly more for persons with a healthy weight than those with
obesity. These results, as well as additional analysis with the interaction model (Model 4),
demonstrate that the association between sport participation and health outcomes can differ
significantly between BMI types. This somewhat contradicts the findings of Lee et al. (2014),
who report HRs on the association of running with all-cause mortality for persons with a BMI
below 25.0 to be similar to those with a higher BMI. However, the type of sport activity may be
a factor that could explain differences in the BMI-level specific associations with health
outcomes. Further analysis for sport disciplines should clarify this.
The population size and design (including actual health outcome measurements) of
Lifelines and the amount of information on PA types and covariates were important strengths of
our study. Although our research followed the concepts of other studies, we added several new
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covariates in our analysis, including a diet quality score, subjective well-being (both significant)
and the amount of leisure time (not significant).
In our study, sport participation was associated with lower all-cause mortality, which is in
agreement with the findings of several other studies (Andersen et al., 2000; Samitz et al., 2011).
However, this finding was not statistically significant. We also compared sport participation with
other PA types. Our findings suggest that sport participation may be more effective in reducing
health risks than other PAs, with the exception of cycling. Cycling was associated with significant
and large reductions of between 18% and 27% in all-cause mortality risk. This is somewhat
higher than the 10% found in the systematic review of Kelly et al. (2014). In contrast to other
research (Kelly et al., 2014), we found no evidence for a health impact of walking.
Our research has several limitations. First of all, the relatively low number of incidence,
especially when stratifying for BMI types, leads to a somewhat weak statistical power of the
outcomes. With more observations or a longer follow-up period, outcomes are likely to include
more significant results. Second, we must take into account that BMI, sport participation and
health are not independent. For instance, a high BMI can lead to reduce the possibilities to
participate in (specific) sports, but also be the result of (previous) sport behavior. Therefore,
sport participation is not independent from the health outcomes, and – although we control for
various health indicators at baseline - conclusions about causality cannot be drawn. In addition,
although BMI is a frequently used measure for assessing overweight and obesity, it does not
distinguish between lean and fat mass, which is also relevant for studies examining the effect of
PA. Third, the cross-sectional nature of baseline and follow-up measurement cannot account for
changes in sport behavior between measurements. Given the data, we are only able to estimate
the effects of doing PA at baseline and cannot estimate the effects of changes in sport or PA
status. The estimated health effects may in part be affected by changes in PA. Gabrys et al. (2021)
find that becoming active in sport reduces risks of cardio-metabolic diseases, while stopping
increases those risks. Since decreases in PA may lead to increased risks for all-cause mortality
(Huang et al., 2020) and sport participation generally declines with age (Eime et al., 2016), it is
plausible that our findings are likely to be an underestimation of the health effects of sport
participation for persons that keep participating, but may overestimate the health effects for
‘quiters’. Fourth, we do not take the number of hours or intensity of sport participation into
account, which may lead to over- or underestimation of its association with health risks.
However, regarding the dose-effect relationship of sport participation, research has been
ambiguous (Warburton, 2006). While some studies (Gill & Cooper, 2008; Byabasukh et al.,
2019) find positive dose-response associations for PA in general, others show no dose effects
(Oja et al., 2017) or even negative effects for very high volumes of PA (Pedisic et al., 2019). Fifth,
we do not control for several unavailable potential confounding variables, such as DNA or
diseases that may influence the health outcomes (mortality in particular). This may lead to
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research outcomes that are an over- or underestimation the actual association between PA and
health outcomes. However, the findings presented here do seem to be robust. Models for several
age-specific subgroups (such as 30+, 40+ and 50-75 year-olds) showed very similar outcomes.
This is also true for when replacing the current time-specific hazard model with an age-specific
hazard model (following the approach of e.g. Lamarca et al., 1998). Finally, we are aware that
sport participation is very heterogenous concept, in terms of volume, intensity, type and context,
and many other aspects. For BMI types there could be a selection bias, i.e. persons with a low
BMI participate differently in sport and other types of sport (or PA) than obese persons (Kujala
et al., 2003). Moreover, since low BMI sport participants have, for instance, a large metabolic
capacity, this can both directly and indirectly (through sports) influence an individual’s health
risks (Karvinen et al., 2015). Further investigation of the diverse aspects of participating in sport
(i.e. type, volume, intensity, etc.) is necessary to get a better understanding of the mechanisms
at work between sport participation and health outcomes.
Future research, e.g. using an instrumental variables approach, should also look at the
causal relationship of sport participation on health effects, especially for specific (risk-related)
subpopulations. This enhances the knowledge on the health effects of sport participation for
specific groups and may lead to improved, more personalized, advice on health behaviors.

3.5 Conclusion
Our research showed that sport participation is associated with reductions in the risks of
prediabetes in particular , as well as T2DM and morbidity. By stratifying by BMI type, we found
that the effects of sport participation on health outcomes were not similar across the population.
Sport participation was associated with a significantly higher life expectation and significantly
lower risks of prediabetes for persons with a healthy weight, especially compared with obese
persons. Hence, sport participation seems to be most beneficial for persons on a healthy weight.
Sport participation is more associated with larger reductions in health risks than all other PA
types, with the exception of cycling, which seems to be especially beneficial in relation to allcause mortality as well as for overweight persons.
These results suggest that PA advice (and guidelines) should be personalized, depending
on an individual’s current BMI status and health objective. For example, a person with a healthy
weight may be advised to do sport for diabetes prevention, while cycling would be advisable for
an overweight individual. Our findings may help to contribute to the knowledge on health effects
of sport participation and PA and help to improve public health for specific subpopulations.
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Appendix

Figure A3.1: Flowchart of Lifelines dataset and exclusion of study participants.

full sample LifeLines
(n = 167,729)

PA data valid
and
complete?

No

drop 33,681
observations

Yes

covariates valid
and complete,
age>=25?

No

drop 36,836
observations

Yes

dataset all-cause mortality
(n = 97,212)

follow-up
data T2
diabetes?

No
drop 21,071
observations

Yes

dataset T2DM
(n = 76,141)

follow-up
prediabetes
measured?

No

drop 21,689
observations

Yes

dataset prediabetes
(n = 54,452)
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Table A3.1: Incidence of prediabetes, T2DM and all-cause mortality at follow-up, with
total number of persons (cases) in datasets.
Prediabetes
incidence
total
Variable
cases
Full population
3,547
54,452
Sport participation
1,793
31,903
No sport participation
1,754
22,549
Other PA types (leisure time & commuting)
Cycling
2,572
40,952
Gardening
2,113
31,424
Odd jobs
1,823
23,836
Walking
2,737
42,285

T2DM
incidence
total
cases
1,086
76,141
510
44,106
576
32,035
740
633
523
816

All-cause mortality
incidence
total
cases
1,379
97,212
615
55,114
764
42,098

56,561
43,478
33,958
58,798

967
798
637
1,039

71,520
54,740
42,786
74,688

Table A3.2: Population characteristics at baseline, for the full Lifelines dataset and the
all-cause mortality, T2DM and prediabetes subsamples, respectively
Full dataset
Variable
Observations
Sex (% female)
Age
Education
Low (%)
High (%)
Income
Low (< 2000 Euro, %)
High (> 3000 Euro, %)
Smoking
Current (%)
Former, excl. current (%)
Alcohol
No/little (< 1 glass/week, %)
Heavy (>= 5 days/week, %)
Nutrition (Lifelines Diet Score)
Leisure time (avg. min./week)
CVD at baseline (%)
Cancer at baseline (%)
BMI (median)
Sport participation (any, %)

T2DM

Prediabetes

167,739
0.585
44.6

All-cause
mortality
97,212
0.584
46.5

76,141
0.584
46.3

54,452
0.604
46.2

0.300
0.293

0.290
0.330

0.276
0.341

0.276
0.338

0.282
0.288

0.239
0.323

0.229
0.333

0.228
0.330

0.214
0.300

0.192
0.347

0.184
0.347

0.180
0.343

0.148
0.109
24.0
540.4
0.092
0.046
26.1
0.565

0.171
0.126
24.4
551.8
0.091
0.050
26.2
0.567

0.163
0.127
24.5
549.3
0.085
0.047
26.0
0.579

0.165
0.122
24.6
547.5
0.083
0.046
25.7
0.586
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Chapter |4|
Chapter 4. Socioeconomic inequalities in health care costs
What is the relationship between a neighborhood’s socioeconomic
status and its health care costs?3

Abstract
Objectives: There is evidence that the socioeconomic conditions of a neighborhood is related to many
adverse health outcomes. However, little is known about the relationship with health care costs. The
objective of this study is to identify disparities in several types of insured health care costs in the
Netherlands across neighborhoods with different socioeconomic statuses and to assess the room for
improvement.
Methods: Using the 2015 Dutch whole-population registry data, we estimated the age- and genderspecific cost structure by neighborhood for total, specialist, pharmaceutical, and mental health care.
Classifying neighborhoods by the quintile of their neighborhood socioeconomic status (NSES), we
determined differences in observed and expected health care costs for several scenarios of NSES
improvement.
Results: From low to high NSES, we found a clear downward gradient in health care costs. Total health
care costs would drop by 7.3% if each neighborhood’s cost structure was equal to that of the most
affluent neighborhoods. The potential for cost reduction appeared highest for females, age groups
between 40 and 60 years, and pharmaceutical care.
Conclusions: Low NSES is associated with relatively high health care costs, and represents a
considerable potential for cost savings in health care. Our research suggests that policies aimed at
improving the socioeconomic determinants of health locally may be pivotal in containing health care
costs.

3 Joint work with R.H. Koning, E. Buskens, J.O. Mierau and R.H. Koning. A condensed version of this
chapter has been published in American Journal of Public Health as De Boer et al. (2019).
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4.1 Introduction
A growing body of literature acknowledges the association between neighborhood
socioeconomic conditions and many adverse health outcomes, including mortality (Daly et al.,
2002), self-rated health (Venkataramani et al., 2016), and quality of life (Drukker & Van Os,
2003). Poor health has, in turn, been related to high health care costs (Muka et al., 2015). Studies
have shown that socioeconomic status (SES) and living in deprived neighborhoods not only
increases the odds of poor health (Diez Roux & Mair, 2010) but also the odds of high-cost health
care usage (Fitzpatrick, 2015). However, few studies have researched the direct relationship
between socio economic status and health care costs. Asaria et al. (2016) have used hospital
episode statistics to estimate the financial consequences of neighborhood socioeconomic
differences in health care costs in the United Kingdom. They documented a substantial
neighborhood socioeconomic gradient in hospital admissions and estimated that, if all
neighborhoods had the same number of (age- and sex-adjusted) admissions as the richest
neighborhoods, annual cost savings would potentially be GBP 4.8 bn. (around € 5.6 bn.), or 11%
of hospital services costs for the National Health Service (NHS). Taking a similar approach, the
Public Health Agency of Canada (PHAC, 2016) estimated that the direct costs of the
socioeconomic gradient amounted to CAD 6.2 bn. (around USD 4.8 bn.), or over 14% of total
annual costs on acute care hospitalizations, prescription medications, and outpatient visits. For
the United States, comparable patterns of health outcomes strongly associated with
socioeconomic differences have been observed (Krieger et al., 2005; Braveman et al., 2010).
Thus far, research on the socioeconomic gradient in health care costs has mainly involved
case studies for specific health care categories, such as inpatient hospital costs (Asaria et al.,
2016) or prevalence of chronic diseases (Kivimäki et al., 2018). To the best of our knowledge,
however, no study hitherto has provided a comprehensive, population wide analysis of the cost
implications of the socioeconomic gradient in health. This paper aims to add to the current state
of research by including total health care costs (within insured health care), as well as the major
care domains, using whole population data. Specifically, we analyze the relationship between
socioeconomic status of neighborhoods and pertinent health care costs, while taking into
account each neighborhood’s age and sex structure.
The Netherlands has a statutory health insurance system, with obligatory private
insurance, which the government regulates and subsidizes (Mossialos et al., 2016). Thus, 99.8%
of the Dutch population has at least basic health insurance, granting access to health care. The
health care market is organized in a system of regulated competition under the Health Insurance
Act, through a privatized system of health insurers and health care providers (Mossialos et al.,
2016). This system encompasses more than half of total health and care costs, including primary
care, hospital care, and pharmaceutical care. The remaining costs fall under different legislation
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and mainly concern long-term care and supplementary insured health care, such as dental care.
Health care costs constitute about 11% of Dutch GDP.
The complete data on annual insured health care costs makes it possible to identify
disparities in health care costs across neighborhoods with differing socioeconomic status in the
Netherlands. Our research aims to provide insights into the relationship between neighborhood
socioeconomic status (NSES) and health care costs, while taking into account age and sex. By
applying several policy simulations that involve improving neighborhood socioeconomic status,
we were able to estimate the potential savings in annual health care costs. Jointly, these
scenarios provide guidance and justification for investment and for taking a broad
socioeconomic policy perspective in order to curb rising health care costs.

4.2 Methods
4.2.1 Data
Health care costs for 2015 were provided by Vektis, the health care information center
established by Dutch health care insurers (Vektis, 2018). Health insurance firms are required by
law to provide their health care declaration data for risk equalization. Vektis harmonizes these
data, and makes them available for research and policy purposes. By design, these data cover all
insured individuals (i.e., 99.8% of the population). Hence, our research is able to take advantage
of what is for all intents and purposes full-population data.
In our analysis, we used data aggregated at the neighborhood level, defined by the first
three digits of each postcode. In 2015, the Netherlands had 790 neighborhoods of roughly
20,000 inhabitants, on average. For each of these neighborhoods, the data included the number
of insured years (1 insured year equals one person insured for all 365 days) and annual health
care costs, disaggregated by 91 age groups (0, 1, 2, … up until age 89, plus age 90 and older
combined) and 2 sex categories (male/female). In addition to total health care costs, three main
components were discerned for further analysis: specialized, pharmaceutical, and mental health
care. Specialized health care (comprising 52% of total health care costs) includes all medicalspecialist care within hospitals including intramural medication, as well as extramural care by
medical-specialists. Pharmaceutical care costs (11%) include all pharmaceutical aid dispensed
through public pharmacies, including fees and practice costs for pharmacists. Mental health care
(8%) includes treatment of basic mental health care, specialist mental care, and mental health
care institutions. Apart from these three categories, total costs include other cost categories
under the Health Insurance Act, such as primary, emergency, paramedical and maternity care.
Data on neighborhood socioeconomic status were obtained from the Netherlands
Institute for Social Research (SCP, 2018). Bi-annually, the SCP publishes a Neighborhood
Socioeconomic Status (NSES) Score, which is derived from characteristics (education, income,
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and labor market status) of individuals in each neighborhood. In line with PHAC (2016) and
Asaria et al (2016), we ordered the 790 neighborhoods by NSES score and divided them into
roughly equal sized quintiles (with NSES1 the most deprived neighborhoods and NSES5 the
most affluent). Table 4.1 shows the descriptive statistics of the data at the neighborhood level.
Table 4.1: Descriptive statistics Dutch health insurance population (at neighborhood
level), 2015
Variable
Obs.
Median
Mean
Std. Dev.
Min.
Max.
Insured years

790

14,800.92

21,066.22

19,990.12

23.00

147,868.40

Sex (female = 1)

790

0.5037

0.5005

0.0249

0.3013

0.5485

NSES (status)

790

0.06

-0.03

0.83

-3.45

2.22

Total health care costs
per insured year
Specialist health care
costs per ins. year
Pharmaceutical costs
per insured year
Mental health costs
per insured year

790

€ 2,318.22

€ 2,308.32

€ 318.38

€ 1,095.24

€ 3,216.90

790

€ 1,231.95

€ 1,226.63

€ 158.88

€ 549.29

€ 1,787.94

790

€ 258.07

€ 258.70

€ 44.12

€ 91.07

€ 431.71

790

€ 133.51

€ 150.75

€ 70.78

€ 0.00

€ 661.98

4.2.2 Analysis
Following the method of Ferrer and Palmer (2004), we decomposed the variance in health care
costs between, as well as within, NSES quintiles. First, we estimated the socioeconomic gradient
by regressing health care on dummy variables of each of the five NSES quintiles. Next, we
simulated four scenarios for reducing the variation in socioeconomic status of neighborhoods
both between and within NSES quintiles. In Scenario 1, we estimate the impact of completely
eliminating the socioeconomic gradient by applying the national average cost structure to all
neighborhoods. The term “cost structure” stands for average costs for the (91x2=) 182 age/sex
categories, which can be calculated at neighborhood, NSES-quintile, and national levels. In
Scenario 2, we simulated an improvement to the cost structure of the most affluent NSES
quintile for all neighborhoods. In addition to this somewhat utopian scenario, we considered
two more cautious scenarios. Scenario 3 estimates the impact of each neighborhood shifting up
one NSES quintile on the socioeconomic ladder. The most realistic scenario, Scenario 4, shows
the impact of reducing the within-NSES quintile variation in health care cost, by assigning the
within-NSES quintile average health care cost structure to each neighborhood in that quintile
with health care costs above the average.
In each of the four scenarios, we calculated the differences between a neighborhood’s
observed health care costs and the costs if the cost structure of the given scenario were to be
applied to that neighborhood. In a simulated scenario, the neighborhood’s observed population
structure (i.e., the number of insured years for each age/sex category) was multiplied with the
cost structure of the given scenario (i.e., for Scenario 1, the national average costs for each
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age/sex category). We then determined the absolute and relative potential cost reduction, by
calculating the differences between the observed and the simulated costs for each neighborhood
and NSES quintile. This analysis was performed separately for all four health care costs.
To establish the socioeconomic gradient of health care costs in the Netherlands, we
performed a regression analysis. First, average health care costs were calculated for each
neighborhood. Next, these average costs were then standardized: for each observed value of
neighborhood average health care costs we subtracted the national mean and divided this by the
standard error. These standardized average costs were regressed on the dummies for each NSES
quintile, with the middle quintile (NSES3) being the baseline. The weighted regression (by
number of insured years) on the standardized average costs (ac) for each neighborhood is as
follows:
 = ; + ; _9 91 + ; _9 92

? 

+ ; _9 94 + ; _9 95 + B

(4.1)

where j stands for each neighborhood (NSES, j = 1, …, 790) and d_SES1 being the dummy for
neighborhoods in the first NSES quintile, etc. To analyze differences between groups (such as
NSES quintiles), we performed ANOVA- and t-tests, boxplots, and regression analysis, using
Stata/SE 15.0.

4.3 Results
4.3.1 Socioeconomic gradient in total health care costs
Table 4.2 shows the average total health care costs for each neighborhood and NSES quintile. A
clear socioeconomic gradient in health care costs can be observed: With every subsequent NSES
quintile, average costs decline by about EUR 100 (Column 3; see also boxplots of Figure A4.1 in
the Appendix). One-way ANOVA tests show that average costs differ significantly (P < 0.001)
across NSES quintiles.
Scenario 1 applies the national average cost structure to each neighborhood. Table 4.2
shows the relative difference between observed and expected outcomes in Column 4 (see also
Appendix, Table A4.1). Again, the negative socioeconomic gradient is visible. While the lowest
NSES quintile incurred 10% (EUR 249) more costs than expected, the highest NSES quintile
incurred 8% (EUR 170) less than expected. Columns 5 of Table 4.2 show results for eliminating
the socioeconomic gradient completely by assigning the age/sex-specific average health care
costs of the highest NSES quintile to each neighborhood (Scenario 2). For each of the other
quintiles, health care costs decline, with the greatest change being achieved in the lowest NSES
group (16% per year). Aggregating over the different cost reductions provides a total potential
decrease in annual health care costs of 7.3% (EUR 2.8 bn.) of total insured health care costs.
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The outcomes of Scenario 3 are shown in Column 6 of Table 4.2. If neighborhoods were
to reach the cost structure of the next NSES quintile, a savings of 3.6% (EUR 1.4 bn.) of total
insured health care costs would be achieved.
Column 7 of Table 4.2 shows the outcomes of a decrease in health care costs of the
neighborhoods that have costs above the average of their own NSES quintile to match that
average within-NSES quintile cost structure (Scenario 4). In total 306 (out of 790)
neighborhoods, or about 8.6 million insured years, have health care costs above their withinNSES quintile average. The potential reduction in total health care costs equals 2.4% of total
insured health care cost (EUR 958 mln.), or 4.6% of the costs for these neighborhoods alone.
The cost saving potential was quite evenly distributed over the NSES quintiles. Additionally,
within NSES quintiles we also observed a negative relationship between health care costs and
NSES.
Table 4.2: Real and expected average total health care costs and potential savings for 4
scenarios, 2015
NSES
quint.

n
(neighb.)

Insured
years

(1)

(2)

Obs.
average
costs
(3)

Cost
saving
Scen. 1
(4)

Cost
saving
Scen. 2
(5)

Cost
saving
Scen. 3
(6)

Cost
saving
Scen. 4
(7)

NSES1
112
3,346,924
€ 2,554
9.8%
16.3%
7.3%
2.4%
NSES2
153
3,301,725
€ 2,469
2.6%
9.7%
4.2%
2.3%
NSES3
170
3,331,801
€ 2,350
-1.7%
5.7%
2.8%
2.5%
NSES4
184
3,335,400
€ 2,250
-4.7%
2.9%
2.9%
2.6%
NSES5
171
3,326,467
€ 2,159
-7.9%
0.0%
0.0%
2.5%
Total
790
16,642,317
€ 2,356
0.0%
7.3%
3.6%
2.4%
Notes: Table 4.2 shows for each neighborhood socioeconomic status (NSES) quintile the number of
neighborhoods (column 1), insured years (2) and the observed average health care costs (3). NSES1 are
the most deprived areas, NSES5 the most affluent. Columns 4-7 show the relative potential costs saving
(i.e., the percentage difference between the simulated health care costs in each of the four scenarios and
the observed costs). In Scenario 1 (column 4) the health care cost structure for each neighborhood is equal
to that of the national average. In Scenario 2 (5) costs are equal to that over the most affluent NSES
quintile. In Scenario 3 (6) costs are equal to that of the next NSES category. In Scenario 4 (7) each
neighborhoods’ costs are held to at most the within-NSES-quintile average.

4.3.2 Cost categories
Costs and cost saving potentials differ considerably over the cost categories. While total health
care costs were over 10% higher in the lowest NSES1, as compared to the national average
(Scenario 1), this number was considerably less for specialist care (6.6%; see Appendix Table
A4.2). By contrast, for pharmaceutical care and especially mental health care, these differences
were much higher: 17% and 23% for NSES1, respectively. Bonferroni tests showed that, with the
exception of specialist care, average costs drop significantly when moving upward on the NSES
quintile ladder. However, the differences between NSES4 and NSES5 were not significant for
any of the cost categories. Table 4.3 shows the relative difference between observed and expected
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costs in the scenario that shows the cost saving potential (Scenario 2) and the most realistic
scenario (Scenario 4) for total, specialist, pharmaceutical, and mental health care.
There are large differences between the cost groups when it comes to the potential cost savings
if each neighborhood was to have the NSES5 cost structure (Scenario 2). This is especially the
case for NSES1 in pharmaceutical care and mental health, with potential cost reductions of 27%
and 34%, respectively. The relationship between deprivation and health care costs is mainly
positive for most cost types (greater deprivation means higher costs). However, for mental
health care, the fourth quintile (NSES4) would have had 5.6% higher costs with the cost
structure of NSES5. A similar pattern is visible for Scenario 3 (see Appendix Table A4.2).
Scenario 4 paints a different picture, since within-NSES-quintile improvements show
similar sized cost cutting potentials across the NSES groups. Relative cost-saving potentials in
this scenario are higher for mental health (11.6%) and pharmaceutical care (4.5%) than for total
health care (2.4%).
Table 4.3: Cost effects of Scenarios 2 and 4 for total, specialist, pharmaceutical, and
mental health care, 2015

NSES quintiles (1 most deprived, 5 least deprived)

Scenario 2
Total health care

Specialist

Pharmaceutical

Mental health

(1)

(2)

(3)

(4)

NSES1

16.3%

10.9%

21.1%

25.1%

NSES2

9.7%

6.2%

8.6%

12.8%

NSES3

5.7%

4.0%

5.8%

-0.1%

NSES4

2.9%

3.0%

0.8%

-5.9%

NSES5

0.0%

0.0%

0.0%

0.0%

Total

7.3%

4.9%

7.9%

8.1%

Total health care

Specialist

Pharmaceutical

Mental health

Scenario 4

(5)

(6)

(7)

(8)

NSES1

2.4%

3.0%

4.5%

8.1%

NSES2

2.3%

2.7%

3.8%

11.8%

NSES3

2.5%

3.0%

4.7%

13.3%

NSES4

2.6%

2.7%

3.9%

12.4%

NSES5

2.5%

3.0%

5.3%

14.1%

Total
2.4%
2.9%
4.5%
11.6%
Note: Table 4.3 shows the relative potential cost reduction for each of the Neighborhood Socioeconomic
Status (NSES) quintiles (Column 1) for Scenarios 2 and 4 for total health care, specialist care,
pharmaceutical care, and mental health care. NSES1 are the most deprived areas, NSES5 the most
affluent. In Scenario 2 (columns 2-4) costs are equal to that over the most affluent NSES quintile. In
Scenario 4 (5-8) costs are held to at most the within-NSES-average.
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We performed linear regressions of standardized health care costs on dummy variables
for each NSES quintile. Figure 4.1 shows the predicted standardized health care cost difference
from the benchmark NSES3. All cost categories have a negative slope, implying that a higher
NSES quintile is associated with lower than expected health care costs. The slope is steepest for
pharmaceutical costs. The curve for mental health care shows an upward slope at the end,
indicating that NSES4 performs relatively better than NSES5 (although this difference is not
statistically significant).
Figure 4.1: Standardized differences in health care costs between neighborhood
socioeconomic status quintiles (NSES3 benchmark), 2015
1.0
0.8
0.6
0.4
Total healthcare

0.2

Specialist

0.0

Pharmaceutical

-0.2

Mental health

-0.4
-0.6
-0.8
NSES1

NSES2

NSES3

NSES4

NSES5

This figure shows the standardized (i.e., the values on the y-axis show the difference to the benchmark in
terms of standard errors) differences between neighborhood socioeconomic status (NSES) quintiles in
health care costs, with NSES1 the most deprived neighborhoods and NSES5 the most affluent. The middle
NSES quintile (NSES3) serves as the benchmark.

4.3.3 Effects of sex and age
Differentiating the scenarios by age revealed the typical upward sloping profile of health care
costs over the life cycle, with a peak in health care costs for women during childbearing years
(see Figure A4.2 in the Appendix). Concerning the NSES quintiles, we observed that the most
deprived neighborhoods almost consistently displayed higher health care costs over the life
cycle. Table A4.3 of the Appendix shows the potential total impact of reducing the socioeconomic
gradient in health care costs, for Scenarios 2-4 (by definition, the impact of Scenario 1 equals
zero). For Scenario 2, the total cost reduction is 8.0% for females (EUR 1.7 bn.) and 6.4% for
males (EUR 1.1 bn.). This relative potential decreases to 3.6% for both sexes in Scenario 3. By
contrast, the potential for health cost savings within NSES quintiles (Scenario 4) is relatively
higher for males (2.7%) than for females (2.3%).
Differentiating by age groups, the 41-50 and 51-60 year-olds have the highest saving
potential in relative terms, and in absolute terms for 51-60 year-olds. The potential for these age
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groups is over 10% for Scenario 2, and 3.5% for Scenario 4. By contrast, the potential for
teenagers (11-20 year-olds) is just 1.4% and 1.6%, respectively.
Sensitivity analysis using alternative socioeconomic status measurements
The previous analysis revealed that there is a substantial socioeconomic gradient in insured
health care expenditures and that even a conservative reduction in socioeconomic gradient can
lead to quite substantive reductions in health care expenditures. Looking at alternative
measurements of socioeconomic status may function as a kind of sensitivity analysis. By
definition, composite measurements of neighborhood socioeconomic status (NSES) such as the
one for the SCP aim to project a variety of underlying components onto a single number or index.
To address the sensitivity of our results vis-à-vis alternative modes of assessing NSES, we
performed a similar analysis on total health care costs for two alternatives: the average
household income and the average property value of a neighborhood. For both these
measurements, specific new quintiles were constructed based on the average values for each
neighborhood. The results of this exercise are shown in Tables 4.4a-c. As with the analysis for
NSES, the analysis of both these indicators shows very similar patterns and effect sizes. Average
neighborhood health care costs show a (significantly) negative relationship for both household
income and property value (Scenario 1). The potential relative cost reductions for Scenarios 2,
3, and 4 are very close for the income and property-value quintiles as for the NSES groups.

Table 4.4: Sensitivity analysis for potential savings in 4 scenarios, with original NSES,
average household income, and average property value, 2015
(a) Health care costs and potential savings (%) for neighborhood socioeconomic status
(NSES) quintiles
NSES
quintile
NSES1
NSES2
NSES3
NSES4
NSES5
Total

N
(1)
112
153
170
184
171
790

Insured years
(2)
3,346,924
3,301,725
3,331,801
3,335,400
3,326,467
16,642,317

Total costs
(3)
€ 8,549,609,241
€ 8,152,880,687
€ 7,828,779,340
€ 7,503,827,262
€ 7,180,839,376
€ 39,215,935,906

Sc. 1
(4)
9.8%
2.6%
-1.7%
-4.7%
-7.9%
0.0%

Sc. 2
(5)
16.3%
9.7%
5.7%
2.9%
0.0%
7.3%

Sc.3
(6)
7.3%
4.2%
2.8%
2.9%
0.0%
3.6%

Sc. 4
(7)
2.4%
2.3%
2.5%
2.6%
2.5%
2.4%

(b) Health care costs and potential savings (%) for quintiles based on average household
income per neighborhood
Income
quintile
1
2
3
4
5
Total

N
(1)
128
139
136
191
196
790

Insured years
(2)
3,338,457
3,325,181
3,364,873
3,289,810
3,323,996
16,642,317

Total costs
(3)
€ 8,393,821,335
€ 8,174,648,468
€ 7,884,048,840
€ 7,498,559,095
€ 7,264,858,170
€ 39,215,935,908
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Sc. 1
(4)
9.5%
3.0%
-1.0%
-4.4%
-8.7%
0.0%

Sc. 2
(5)
16.5%
10.6%
7.0%
3.9%
0.0%
7.9%

Sc.3
(6)
6.7%
3.9%
3.3%
3.9%
0.0%
3.6%

Sc. 4
(7)
2.6%
2.6%
2.4%
2.3%
2.3%
2.4%

Table 4.4 (continued)
(c) Health care costs and potential saving (%) for quintiles based on average property
value per neighborhood
Prop.
Insured
value
N
years
Total costs
Sc. 1
Sc. 2
Sc.3
Sc. 4
quintile
(2)
(3)
(1)
(4)
(5)
(6)
(7)
NSES1
120
3,336,801
€ 8,501,795,535
8.2%
15.0%
5.2%
2.9%
NSES2
127
3,326,274
€ 8,005,981,736
3.2%
10.4%
3.4%
2.8%
NSES3
157
3,348,980
€ 7,858,833,819
-0.2%
7.3%
4.0%
2.7%
NSES4
174
3,305,115
€ 7,500,627,896
-4.5%
3.4%
3.4%
2.7%
NSES5
212
3,325,146
€ 7,348,696,921
-8.1%
0.0%
0.0%
2.5%
Total
790
16,642,316
€ 39,215,935,907
0.0%
7.5%
3.3%
2.7%
Notes: Tables 4.4a-c show for each quintile of three socioeconomic indicators the number of
neighborhoods (Column 1), insured years (2), total health care costs (3) and the potential health care
costs saving for the four scenarios (4-7). The socioeconomic indicator is Neighborhood Socioeconomic
Status for Table A5a, average household income per neighborhood for Table A5b and average property
value per neighborhood in Table A5c. In Scenario 1 the health care cost structure for each neighborhood
is equal to that of the national average (Column 4). In Scenario 2 costs are equal to that over the most
affluent NSES quintile (5). In Scenario 3 costs are equal to that of the next NSES category (6). In
Scenario 4 each neighborhoods’ costs are held to at most the within-NSES-quintile average (7).

4.4 Discussion
Our analyses are not without limitations. First of all, while we used rich, full-population data,
this data only includes insured health care costs. These make up about 50% of total health care
costs, and it is unclear if a socioeconomic gradient will also be present in the remaining care
costs.
Second, we measured only the direct costs of health care, and cannot assess the impact
of the indirect and intangible costs of ill health. As highlighted by Mackenbach et al. (2011),
indirect and intangible costs of health also display a socioeconomic gradient, indicating that our
estimates are best viewed as lower bounds.
Third, since we use data, aggregated at the neighborhood level, this may lead to an
ecological inference fallacy (Simpson’s paradox) and we may have over- or underestimated the
socioeconomic gradient at less aggregated levels. Our analysis shows, however, that a negative
socioeconomic gradient was present between as well as within NSES quintiles. Future research
may look deeper into the role of subpopulations on these gradients.
Fourth, because we use a cross-sectional approach, the socioeconomic gradients in
health care costs that we find are associations and not necessarily indicative of a causal
relationship between NSES and health care costs. However, applying Hill’s criteria, we are
confident that the outcomes are strong, consistent, and coherent, and therefore this causal
relationship may be considered plausible. We performed robustness checks on NSES with
average household income and the average property value as alternative measurements, which
show results similar to our analysis (see Appendix). Our results also show that, although Bhavsar
et al. (2018) argue that neighborhood socioeconomic variables may not add information to
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explain socioeconomic differences in health outcomes, these variables can be very valuable, at
least in the absence of individual data. Indeed, individual data would have been preferable and
may in future research yield more precise estimates and insights.
We further acknowledge that the relationship between the socioeconomic environment
and health outcomes is not simple, direct, or mono-causal. Moreover, it is likely that several bidirectional mechanisms are at work here, as has been suggested by others (Cutler et al., 2016)
Finally, due to the unavailability of detailed data, our analysis does not take into account
mortality. Low SES groups tend to have a higher mortality rate. We addressed this issue
indirectly by keeping the population structure for each neighborhood constant. However,
mortality also has an influence on the cost structure, and future analysis should, ideally,
incorporate mortality rates.
Future research needs to focus on elucidating the general and regional specifics of the
socioeconomic gradient in health care costs and understanding the underlying mechanisms.
Knowledge of these mechanisms provides essential information on the type of policies that may
be developed to achieve the cost reductions indicated by our analysis. Future research could test
hypotheses that local characteristics, such as access to green and recreational areas (Mitchell et
al., 2015) or sport facilities (Mueller et al., 2018), along with lifestyle characteristics, such as
nutrition and physical activity, affect health care costs.

4.5 Conclusion
In this paper, we demonstrated a clear socioeconomic gradient for insured health care costs
using full-population data from the Netherlands. We discerned a substantial negative
relationship between socioeconomic status and health care costs, with health care costs in the
lowest socioeconomic neighborhoods being over 10% higher than expected, based upon national
averages, and those in the most prosperous neighborhoods being 8% less than expected.
Simulations show that if each neighborhood’s cost structure was equal to that of the most
affluent quintile of neighborhoods, health care costs would drop by 7.3%. Interestingly, if the
neighborhoods with above-average costs within each NSES quintile just dropped back to the
average in that quintile, total health care costs could still be reduced by 2.4%.
Our findings confirm the findings of a negative socioeconomic gradient for health care
costs that others have found for more specific cost categories (Asaria, et al., 2016; PHAC, 2016),
but the sizes of the effects (i.e., the relative cost saving potential) are more modest. This could
be due to the fact that we are using full-population data (without a selection bias), or to specifics
of Dutch society and its health care system. Our research show that the highest savings would be
achieved by improving socioeconomic conditions and outcomes, which is consistent with the
findings on actual(Braveman, Cubbin, Egerter, Williams, & Pamuk, 2010) and perceived health
in the US (Venkataramani et al., 2016; PHAC, 2016). Future research should consider into the
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mechanisms that relate low NSES to higher costs. Perhaps the neighborhood socioeconomic
gradient in health care costs is a reflection of relatively poorer lifestyles, since smoking (Barbeau
et al., 2004) and heavy drinking (Brenner et al., 2015) are generally found to be more prevalent
among persons with a lower socioeconomic status.
Analysis for three large cost categories reveals that, by moving up on the NSES ladder,
high relative cost reductions in pharmaceutical and mental health care may be achieved, but
much less so in specialist care. Since low SES is more associated with mental disorders (Hudson,
2005) and chronic diseases (Kim et al., 2018), for example, these may provide an explanation
for higher mental and pharmaceutical health care costs. Meanwhile stress is more common in
the highest SES groups (Damaske et al., 2016), which could offers an explanation for the Ushaped curve in mental health care costs. Ideally, future research should expand to other types
of health care costs, including primary health care, which has many direct and indirect linkages
to other types of care, and zoom in on deeper levels of health care, such as specific treatments
and the consumption of medicine. Currently, the possibilities for this research are restricted due
to availability of data, as well as the compensation structure (for primary care) in the
Netherlands. The limited data available on primary care indicate similar trends that would need
explicit and additional study.
Females account for a relatively large portion of total health care cost differences between
the NSES quintiles, while inequality within NSES quintiles is relatively higher among men.
Importantly, neighborhood socioeconomic differences seem to contribute to comparatively large
health cost effects for persons aged between 40 and 60, but are relatively limited for younger
persons (below the age of 20). This age pattern confirms earlier research on SES and general
health outcomes (House et al., 1990), and may reflect the fact that non-communicable diseases
(NCDs), for example, are more prevalent at an early age in lower SES classes (Forouzanfar et al.,
2016). Hence, the occurrence of the (perceived) burden of NCDs may also take place much
earlier. However, age-specific outcomes should be treated with caution, since they could reflect
age as well as cohort- or period-specific characteristics.
4.5.1 Public health implications
Curbing ever-increasing health care costs is an important public health goal. Our research
suggests that, in line with other research (Carlin et al., 2017; Kivimäki et al., 2018), improving
socioeconomic conditions, public policies, and facilities in neighborhoods is likely to contribute
to this goal, especially for the most deprived areas. Additionally, the within-NSES-quintile
potential for cost reductions suggests that local characteristics and more locally focused policies
may decrease health care costs for deprived as well as affluent neighborhoods. It would seem,
however, that a national public policy should start with the most deprived neighborhoods
(NSES1), because these areas have the highest potential for health gain and cost savings.
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Our analysis indicates that health and health care costs should become a more integral
part of socioeconomic policies, and vice versa. Effective strategies need to take into account a
neighborhood’s population and social structure. Additionally, differences in potential cost gains
between age groups may signal a generational effect, which may have implications for future
health care cost developments between socioeconomic groups, as others have suggested for
specific health indicators (Hurst et al., 2013).
Our research provides a clear indication that taking a broad view of future policies aimed
at curbing health care costs, and either directly or indirectly decreasing the socioeconomic
gradient in health and subsequent cost of care, is required. As such, there obviously is no “cure”
or intervention to alleviate the SES of an individual or neighborhood. Yet, this is no reason not
to claim that our results provide clear support for the development of policies that address SESassociated disparities in health.
To conclude, while not having presented experimental evidence about interventions that
were designed to reduce health differences associated or mediated by SES, we have been able to
present strong arguments for developing integral approaches focused on target populations.
This development would require solid theoretical underpinning as well as appropriate
confirmatory research.
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Appendix
Figure A4.1: Boxplots for the average costs of total, specialist, pharmaceutical, and
mental health care, per NSES quintiles, 2015
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Figure A4.2: Average total health care costs per insured year over age, by NSES quintile,
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Table A4.1: Real and expected average total health care costs and potential savings for 4
scenarios, 2015
NSES
quintile
NSES1

n
(neigbb.)
(1)
112

Insured
years
(2)
3,346,924

Average
costs
(3)
€ 2,554

Scenario 1:
avg. exp. costs
(4)
€ 2,305

Scenario 1:
diff. (%)
(5)
9.8%

Scenario 2:
avg. exp. costs
(6)
€ 2,138

Sc.2: saving
potential
(7)
16.3%

NSES2

153

3,301,725

€ 2,469

NSES3

170

3,331,801

€ 2,350

€ 2,404

2.6%

€ 2,230

9.7%

€ 2,389

-1.7%

€ 2,216

NSES4

184

3,335,400

5.7%

€ 2,250

€ 2,355

-4.7%

€ 2,183

2.9%

NSES5

171

3,326,467

€ 2,159

€ 2,329

-7.9%

€ 2,159

0.0%

Total

790

16,642,317

€ 2,356

€ 2,356

0.0%

€ 2,185

7.3%

Table A4.1 (continued)
NSES
quintile
NSES1

Scen. 3:
avg. exp.
costs
(8)
€ 2,369

Scenario 3:
saving
potential (%)
(9)
7.3%

Scenario 4:
n
(neighborh.)
(10)
49

Scenario
4: insured
years
(11)
1,736,024

Scenario
4: avg.
costs
(12)
€ 2,688

Scenario
4: avg. exp.
costs
(13)
€ 2,569

Scenario 4:
saving
potential (%)
(14)
2.4%

NSES2

€ 2,365

4.2%

61

1,835,388

€ 2,540

€ 2,439

2.3%

NSES3

€ 2,283

2.8%

58

1,626,814

€ 2,426

€ 2,305

2.5%

NSES4

€ 2,183

2.9%

76

1,807,536

€ 2,339

€ 2,232

2.6%

NSES5

€ 2,159

0.0%

62

1,623,421

€ 2,173

€ 2,063

2.5%

Total

€ 2,272

3.6%

306

8,629,183

€ 2,437

€ 2,326

2.4%

Notes: Table A4.1 shows, for each neighborhood socioeconomic status (NSES) quintile, the number of
neighborhoods (column 1), insured years (2) and the observed average health care costs (3). NSES1 are
the most deprived areas, NSES5 the most affluent. Columns 4-9 and show the expected average costs and
relative potential costs savings, or the percentage difference between the simulated health care costs in
each of the four scenarios and the observed costs, for Scenarios 1, 2 and 3. In Scenario 1 the health care
cost structure for each neighborhood is equal to that of the national average (4-5). In Scenario 2 costs are
equal to that over the most affluent NSES quintile (6-7). In Scenario 3 costs are equal to that of the next
NSES category (8-9). In Scenario 4 each neighborhoods’ costs are held to at most the within-NSESaverage (10-14).
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Table A4.2: Cost effects of four scenarios for total, specialist, pharmaceutical, and mental
health care, 2015

NSES
quintile

NSES1
NSES2
NSES3
NSES4
NSES5
Total

Scenario 1:
potential cost reduction (in millions euros
and %)
Total
Specialist Pharmac.
Mental
Costs
Care
Care
Healthc.
(2)
(3)
(1)
(4)
€ 834.2
9.8%
€ 214.0
2.6%
-€ 132.5
-1.7%
-€ 350.5
-4.7%
-€ 565.1
-7.9%
€ 0.0
0.0%

€ 264.4
6.2%
€ 57.9
1.4%
-€ 38.3
-0.9%
-€ 82.6
-2.0%
-€ 201.4
-5.2%
€ 0.0
0.0%

€ 147.1
14.4%
€ 7.6
0.8%
-€ 20.2
-2.3%
-€ 64.4
-7.7%
-€ 70.1
-8.6%
€ 0.0
0.0%

€ 142.6
18.5%
€ 32.6
5.2%
-€ 48.0
-8.7%
-€ 77.9
-15.0%
-€ 49.3
-9.1%
€ 0.0
0.0%

Scenario 2: potential cost reduction
(in millions of euros and %)
Total
Costs
(5)

Specialist
Care
(6)

Pharmac.
Care
(7)

€ 1.392.3
16.3%
€ 790.1
9.7%
€ 445.6
5.7%
€ 221.0
2.9%
€ 0.0
0.0%
€ 2,849.0
7.3%

€ 464.9
10.9%
€ 258.6
6.2%
€ 165.4
4.0%
€ 121.4
3.0%
€ 0.0
0.0%
€ 1,010.3
4.9%

€ 215.3
21.1%
€ 79.1
8.6%
€ 51.7
5.8%
€ 6.7
0.8%
€ 0.0
0.0%
€ 352.8
7.9%

Mental
Health
care
(8)
€ 193.3
25.1%
€ 80.2
12.8%
-€ 0.3
-0.1%
-€ 30.5
-5.9%
€ 0.0
0.0%
€ 242.7
8.1%

Table A4.2 (continued)

NSES
quint.

NSES1
NSES2
NSES3
NSES4
NSES5
Total

Scenario 3:
potential cost reduction (in millions of euros
and %)
Total
Speciali Pharmac.
Mental
st Care
Costs
Care
Healthc.
(9)
(11)
(10)
(12)
€ 621.8
7.3%
€ 345.3
4.2%
€ 221.0
2.8%
€ 221.0
2.9%
€ 0.0
0.0%
€ 1,409.1
3.6%

€ 204.8
4.8%
€ 96.3
2.3%
€ 44.5
1.1%
€ 121.4
3.0%
€ 0.0
0.0%
€ 467.1
2.3%

€ 139.4
13.7%
€ 27.2
3.0%
€ 44.3
5.0%
€ 6.7
0.8%
€ 0.0
0.0%
€ 217.7
4.9%

€ 106.8
13.9%
€ 80.2
12.8%
€ 29.9
5.4%
-€ 30.5
-5.9%
€ 0.0
0.0%
€ 186.4
6.2%

Scenario 4:
potential cost reduction (in millions of euros
and %)
Total
Specialis Pharmac
Mental
Costs
t Care
Care
Health
(13)
(15)
care
(14)
(16)
€ 206.2
€ 129.2
€ 45.3
€ 62.5
2.4%
3.0%
4.5%
8.1%
€ 184.3
€ 114.0
€ 35.3
€ 73.8
2.3%
2.7%
3.8%
11.8%
€ 196.1
€ 125.4
€ 42.5
€ 73.5
2.5%
3.0%
4.7%
13.3%
€ 193.0
€ 107.2
€ 33.2
€ 64.1
2.6%
2.7%
3.9%
12.4%
€ 178.6
€ 115.6
€ 43.6
€ 76.4
2.5%
3.0%
5.3%
14.1%
€ 958.3
€ 591.4
€ 199.9
€ 350.3
2.4%
2.9%
4.5%
11.6%

Notes: Table A4.2 shows the potential cost reduction for each NSES quintile in costs for total health
care, specialist care, pharmaceutical care, and mental health care for the four scenarios. The savings are
visible in both absolute (€) and relative (%) terms. NSES1 are the most deprived areas, NSES5 the most
affluent. In Scenario 1 the health care cost structure for each neighborhood is equal to that of the
national average (columns 1-4). In Scenario 2 costs are equal to that over the most affluent NSES
quintile (5-8). In scenario 3 costs are equal to that of the next NSES category (9-12). In scenario 4 each
neighborhoods’ costs are held to at most the within-NSES-quintile average (13-16).
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Table A4.3: Total health care costs and potential reduction for sex and age groups, 2015
Total costs
(millions of euros)
(1)

Potential cost reduction (millions of euros and %)
Scenario 2
(2)

Scenario 3
(3)

Scenario 4
(4)

€ 1,695.2
8.0%
€ 1,153.8
6.4%

€ 763.2
3.6%
€ 645.9
3.6%

€ 481.9
2.3%
€ 476.4
2.7%

€ 57.3
9.8%
€ 124.0
7.1%
€ 26.9
1.4%
€ 196.3
7.3%
€ 168.4
5.3%
€ 432.8
10.8%
€ 561.4
10.0%
€ 479.6
6.7%
€ 466.9
7.0%
€ 335.4
6.0%

€ 22.1
3.8%
€ 58.3
3.3%
€ 11.5
0.6%
€ 45.0
1.7%
€ 90.4
2.8%
€ 219.5
5.5%
€ 309.1
5.5%
€ 280.3
3.9%
€ 232.8
3.5%
€ 140.0
2.5%

€ 15.7
2.7%
€ 38.3
2.2%
€ 30.0
1.6%
€ 37.0
1.4%
€ 58.6
1.8%
€ 147.2
3.7%
€ 186.2
3.3%
€ 186.7
2.6%
€ 164.4
2.5%
€ 94.2
1.7%

Sex
Female

€ 21,257.3

Male

€ 17,958.7

Age
0

€ 584.8

1-10

€ 1,743.4

11-20

€ 1,863.6

21-30

€ 2,705.1

31-40

€ 3,179.9

41-50

€ 4,016.7

51-60

€ 5,603.6

61-70

€ 7,194.1

71-80

€ 6,697.1

81 and over

€ 5,627.5

Notes: Table A4.3 shows total health care cost costs (Column 1) and the potential cost reduction for each
sex and 10-year age group, for Scenarios 2-4. The savings are visible in both absolute (€) and relative
(%) terms. In Scenario 2 costs are equal to that over the most affluent NSES quintile (2). In Scenario 3
costs are equal to that of the next NSES category (9-3). In Scenario 4 each neighborhoods’ costs are held
to at most the within-NSES-quintile average (4).

76

Chapter |5|
Chapter 5. Sport participation and socioeconomic inequalities
in health care costs
How are sport and other lifestyle factors associated with
socioeconomic differences in health care costs?4

Abstract
Objective: There is a strong socioeconomic gradient in health care costs. However, little is known about
the role of lifestyle factors in the association between health care costs and socioeconomic status (SES).
This study investigates variation in the association between lifestyle indicators and health care costs
between and within neighborhoods with similar SES.
Methods: Using 2016 whole-population data for all 790 neighborhoods of the Netherlands, we estimated
the association between neighborhood average health care cost performance (i.e., health care costs
adjusted for population age and gender) and neighborhood socioeconomic status (NSES) and four
lifestyle indicators – smoking, alcohol consumption, physical activity and sport club membership.
Additionally, using regression analysis, we explored the multivariate relationship between average
health care cost performance, NSES and lifestyle indicators.
Results: Neighborhoods with proportionally fewer smokers and more sport club members had
significantly lower average health care costs. Remarkably, neighborhoods with more people who
complied with the recommended maximum alcohol consumption had significantly higher health care
costs. These findings were consistent within and between neighborhoods with different SES levels.
Neighborhoods with more compliance with physical activity guidelines had lower health care costs.
However, this relationship was inconsistent across different NSES levels, with the largest cost reductions
found in the most deprived neighborhoods.
Conclusion: Our findings suggest that prevention policies aimed at reducing the number of smokers and
increasing sport club membership may reduce health care costs across all NSES groups, while increasing
compliance with physical activity guidelines may be effective mainly in low SES neighborhoods.

4 Joint work with L.H. Dekker, R.H. Koning, G.Navis and J.O. Mierau. A condensed version of this
chapter has been published in Preventive Medicine as De Boer et al. (2020).
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5.1 Introduction
A large body of epidemiological and population health research addresses relationships between
neighborhood characteristics and a myriad of health and economic outcomes (Chetty et al.,
2016; Duncan & Kawachi, 2018) As such, neighborhood socioeconomic status (NSES) has been
associated with adverse health outcomes, including chronic disease (Diez Roux, 2001; Picket &
Pearl, 2001; Howard et al., 2016), mortality (Brown et al., 2013; Kim et al., 2018) and poor selfrated health and quality of life (Rocha et al., 2017). These associations are often cited to explain
why health care expenditures are disproportionately high in neighborhoods with particular
characteristics (De Boer et al., 2019).
However, while the socioeconomic gradient in health is one of the most consistent
findings in epidemiological research (Stringhini et al., 2017; Bilal et al., 2019) a recent study
found great variation in health care costs between neighborhoods with similar socioeconomic
characteristics (De Boer et al., 2019). With global health expenditures on the rise (WHO, 2017),
this finding warrants further exploration, as a better understanding of the complex relationship
between NSES and health care expenditures may reveal pathways for future cost savings.
Health behaviors are a very plausible mediator of social inequalities in health. Factors
such as physical activity, alcohol consumption and especially smoking are strongly socially
patterned, while being simultaneously related to health outcomes (Lantz et al., 1998; Petrovic et
al., 2018). Research shows that socially disadvantaged individuals are more likely to exhibit
behaviors detrimental to their health. This could be due, for example, to material and financial
constraints, a lesser appreciation of the benefits of health behaviors for longevity and difficulties
in absorbing health promotion messages (Wardle & Steptoe, 2003; Pampel et al., 2010;
Stringhini et al., 2011).
Nevertheless, the social patterning of neighborhoods is not uniform (Diez Roux & Mair,
2010). The complexities of these patterns may yield opportunities for intervention (Diez Roux &
Mair, 2010). They also leave room to hypothesize a different role of lifestyle in influencing health
care costs between areas with similar as well as different socioeconomic statuses. To date, the
role of lifestyle determinants in influencing the effects of NSES on health care costs has not been
examined.
The objective of the current study is to investigate variation in the association between
lifestyle factors and health care costs both between and within neighborhoods with similar
socioeconomic statuses. For this research we used whole-population data for the Netherlands.
The research focuses on several lifestyle indicators: smoking, alcohol consumption and physical
activity. The negative effects of smoking and alcohol consumption have been extensively
demonstrated (Sturm, 2002; Evans & Stoddart, 1994). For physical activity the relationship with
health and health care costs seems to be more complex, varying by type and context of physical
activity. Research shows that occupational physical activity may have opposite health effects
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compared to leisure time physical activity (Holtermann et al., 2012). In addition, Andersen et al.
(2000) demonstrated that among all physically active individuals, those who participated in a
sport experienced 50% less mortality than those who did not participate in a sport. The current
research therefore includes two lifestyle indicators for physical activity: a general indicator for
compliance with the Dutch guideline for sufficient physical activity and a more specific indicator
for sport club membership.
Hence, our research investigates to what extent these four lifestyle indicators – smoking,
alcohol consumption, getting sufficient physical activity and sport club membership – influence
average health care costs and variation in those costs within, as well as between, neighborhoods
with similar socioeconomic statuses.

5.2 Method
5.2.1 Data
Data on health care costs were provided by Vektis, an information center for Dutch health
insurers (Vektis, 2018). Dutch law requires health insurers to provide detailed health care data
to Vektis, which compiles this information and makes it available for research and public health
policy. Here we investigate all health care costs that fall under the Health Insurance Act. This
comprises all basic health care, including primary, hospital, pharmaceutical, mental health,
dental and paramedical care (Vektis, 2018). All inhabitants of the Netherlands are required by
law to purchase health insurance consistent with the Health Insurance Act; therefore these data
cover almost the entire population of the Netherlands (i.e., 99.8%).
We used 2016 data at the neighborhood, or 3-digit postal code area. Each such
neighborhood contains an average of about 21,000 persons. For each neighborhood, health care
costs were available by gender and by age (0, 1, 2, etc. up to 89, with 90 years and older in one
age category).
The dependent variable for our analysis was average health care cost performance
(AHCP), defined as the difference between the observed average health care cost and expected
average health care cost. We calculated the expected health care cost by multiplying the national
average cost by the neighborhood’s population size (the number of insured years), for each of
the 182 (91 x 2) age and gender combinations. A positive value for AHCP indicates that the actual
health care cost was higher than the expected cost based on the specific age/gender distribution
of that neighborhood.
As independent variables, we considered the socioeconomic status for each
neighborhood (NSES), as well as the four lifestyle indicators. The Netherlands Institute for
Social Research (SCP) provided data on the socioeconomic status (SES) of all 4-digit postal code
areas of the Netherlands (SCP, 2018), based on income, education and occupation of the
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inhabitants. The SES data is constructed as a z-score with a normal distribution. It has a mean
of zero, and ranges from -3.5 to 2.2, with higher values indicating more affluent neighborhoods.
For our research, we aggregated the existing 4-digit postal code data into 3-digit postal code
NSES values by calculating weighted (by population size) averages (SCP, 2018).
The following four lifestyle indicators were used in this research, with all being measured
at the neighborhood level:
x

Smoking. The percentage of people aged 19 and older who answered “no” to the question,
“Do you ever smoke?” In this definition for current smoking status, the electronic
cigarette was excluded. Data on e-cigarette use was not available at the neighborhood
level, as it was not part of the survey we used.

x

Alcohol consumption. The percentage of people aged 19 and older who complied with the
2016 Dutch recommendation to consume no more than one glass of alcohol on average
per day.

x

Physical activity. The percentage of people aged 19 and older who complied with the
2016 Healthy Exercise Guideline. This recommends that a person should do at least
enough moderately intensive physical exercise to consume 200 kilocalories on a daily
basis. The amount, frequency and intensity of the recommended exercise differ by age
groups.

x

Sport club membership. The percentage of the population that was a member of a sport
club.
The first three lifestyle variables were derived from Statistics Netherlands (CBS) in

cooperation with the Netherlands Institute for Public Health and the Environment (RIVM) and
Municipal Health Services Netherlands (GGD). The CBS, RIVM and GGD conduct a populationwide, biannual survey of health and lifestyle (“Gezondheidsmonitor”; N = 457,000 in 2016)
(CBS, 2016). From the findings of that survey, RIVM estimates these indicators for local areas
(i.e., sub-neighborhoods) using a small-domain estimator model (Van de Kassteele et al., 2017).
For our analysis, we aggregated local area data for 2016 to the neighborhood level.
The Dutch National Olympic Committee (Nederlands Olympisch Comité * Nederlandse
Sport Federatie; hereafter: NOC*NSF) provided the percentage of sport club members for each
neighborhood (also at the 3-digit postal code level). NOC*NSF collects information on sport club
membership, including members’ home addresses, through the national sport federations.
These data include all federations recognized by and associated with the NOC, except the sport
fishing association. NOC*NSF divides the number of sport club members by the neighborhood
population size to get the percentage of sport club members in each neighborhood.
In the Netherlands, some 60% of the population participates in a sport weekly, with
almost half of sport participants being members of a sport club (NOC*NSF, 2018). Although
being a member of a sport club does not itself imply physical activity, it is a leisure time indicator
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that is associated with being physically active and adhering to a healthy lifestyle (Telford et al.,
2016).
To make the results more intuitive, we used positive coding for the lifestyle variables;
that is, higher values indicate healthier lifestyles. Our hypothesis is that a healthier lifestyle leads
to lower health care costs. We thus expected each positively coded lifestyle indicator to be
negatively related to ACHP. We analyzed data for 2016, the most recent year for which data was
available for all variables.
5.2.2 Analysis
To analyze the role of lifestyle factors in the socioeconomic gradient of neighborhood health care
costs, we first calculated Pearson correlations between the dependent variable and all
independent variables. Next, we measured the associations with average cost performance
(AHCP) for NSES and the lifestyle indicators, using four ordinary least squares regression
models. The first model looks at the univariate relationship between AHCP and NSES, where
dependent variable ℎ: represents the average health care costs performance, for each
neighborhood i:
ℎ: = ;+  C9 9 + B ,

(5.1)

where, in this and the following equations,  estimates the effect of the NSES-score on the
health care costs performance. Next, we estimate the effect of a lifestyle indicator, e.g.
smoking, on AHCP in equation (5.2), while equations (5.3) estimates the multivariate
relationship of AHCP on NSES and smoking:
ℎ: = ;+  %& + B ,

(5.2)

ℎ: = ;+  C9 9 +  %& + B ,

(5.3)

The second model estimates the relationship between AHCP and each of the lifestyle variables
separately. The third model estimates a multivariate association between AHCP and NSES
together with a lifestyle indicator.
To test whether NSES and the lifestyle indicators have independent effects on AHCP,
the fourth model expands on the third model, including an additional interaction effect
between NSES and the lifestyle indicator. So, in equation (5.4) an interaction effect of NSES
and smoking is included:
ℎ: = ; +  C9 9 +  %& +  C9 9 ∗ %& + B ,
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(5.4)

In equations (5.2) and (5.3),  estimates the effect of smoking. Naturally, the regressions are
also run for the other lifestyle variables, where instead of smoking, alcohol consumption,
physical activity, sport club membership can be read. The null hypotheses of our research are
that both  and  are equal to zero (for all lifestyle indicators). Our alternative hypotheses are
that a higher NSES is associated with a lower health care costs performance ( < 0) and a
healthier lifestyle corresponds to a lower health care costs performance ( < 0, for all j). In
equation (5.4), the interaction coefficient  can be interpreted as the influence a lifestyle
indicator has on the observed relationship between NSES and health care costs performance.
Thus, the relationship between AHCP and a lifestyle factor is estimated as ( +  C9 9 ). Again
the null hypothesis is that there is no such association ( = 0). Here the alternative hypothesis
is that lifestyle indicators do affect the relationship of NSES with costs ( ≠ 0).
Finally, we produced margins plots showing the marginal relationships between NSES
and average health care cost performance for each lifestyle indicator. This is a visual depiction
of the interactions in the final model. These margin plots include 95% confidence intervals.

5.3 Results
Table 5.1 shows the summary statistics for all variables at the neighborhood level. The statistics
are unweighted. As a result, the mean of the average health care cost performance is not equal
to zero (the weighted mean does equal zero). For completeness, the statistics for sex and age
were added, since these variables were used to calculate the average health care cost
performance for each neighborhood.
Table 5.1: Summary statistics (at 3-digit postcode level, unweighted, n = 790
neighborhoods)
Variable

Explanation

Mean

St. Dev.

Min

Max

AHCP

-84.14

244.05

-1,446.06

684.96

50.1
42.2
0.0

2.0
2.9
0.8

28.2
22.7
-3.5

58.6
58.4
2.2

Smoking
Alcohol
consumption

Average health care cost
performance (in euros)
Females (%)
Average age
Neighborhood socioeconomic
status
Individuals not smoking (%)
Individuals complying with the
alcohol norm (%)

79.9
39.6

3.2
5.4

65
26

86
66

Physical
activity

Individuals complying with healthy
exercise guidelines (%)

49.8

4.5

35

66

Sport club
membership

Individuals who are sport club
members (%)

25.8

6.1

8

49

Sex
Age
NSES
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Table 5.2 shows the correlations between average health care cost performance, NSES
and the four lifestyle indicators. We observe a significant negative association between NSES
and health care cost performance (p<0.001). All but one of the lifestyle indicators shows a
significant negative correlation with average health care cost performance. Only alcohol
consumption has a positive (and significant) correlation with AHCP. Looking at the associations
with NSES, smoking, physical activity and sport club membership all have positive correlations
with AHCP, while alcohol consumption has a significant negative correlation with NSES. Among
the lifestyle indicators, sport club membership shows a strong (absolute value>0.6) and positive
correlation with smoking, while also having a strong negative correlation with alcohol
consumption.
Table 5.2: Correlations between cost performance, NSES and four lifestyle indicators
AHCP

NSES

NSES
-0.598***
1
Smoking
-0.568***
0.620***
Alcohol consumption
0.420***
-0.355***
Physical activity
-0.266***
0.320***
Sport club member
-0.573***
0.588***
Note: Significance: * p<0.05, ** p<0.01, *** p<0.001

Smoking

1
-0.340***
0.116**
0.685***

Alcohol
consumption

Physical
activity

1
-0.462***
-0.639***

1
0.364***

Table 5.3 presents the results of the models regressing AHCP on NSES and the lifestyle
indicators. The first column shows the outcomes of the first model, with only NSES. Next, the
outcomes of the second, third and fourth models are presented, separately for each lifestyle
indicator.
The outcome of the first model demonstrates a significant negative association between
AHCP and NSES. This confirms the finding from the correlation matrix (see Table 5.2).
Similarly, from the second models it is clear that all lifestyle variables are significantly associated
with AHCP. For smoking, physical activity and sport club membership a significant negative
association was found between a healthy lifestyle and average health care cost performance. The
coefficient for smoking is highest: neighborhoods with 1 percentage point more non-smokers
had €38.51 lower health care cost performance per person on average. At the national level in
the Netherlands, reducing the number of smokers by 1 percentage point could lead to an annual
health care cost savings of some €650 million. This amount is equivalent to 1.6% of all insured
health care. Similarly, in neighborhoods with a 1 percentage point higher sport club membership
and where residents got enough physical activity, the health care cost performance per person
was, respectively, €24.81 and €14.25 lower. This corresponds to a potential annual health care
cost reduction of some €420 million (1.0%) for sport club membership and €240 million (0.6%)
for physical activity. However, for alcohol consumption the coefficient is positive; that is,
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neighborhoods with a 1 percentage point higher compliance with the alcohol norm had on
average €16.18 higher health care cost performance per person.
The third model includes both NSES and the lifestyle indicators as covariates. The signs
of all coefficients in the third model are similar to those found in the first and second models.
The associations between smoking and sport club membership with health care cost
performance are negative and significant (p<0.001). However, combined with NSES, the
association of physical activity with AHCP is not significant (p=0.147). Alcohol consumption
again has a significant positive coefficient.
The fourth model presents interaction terms for NSES and the lifestyle indicators. A
significant interaction term means that the effect of NSES on AHCP differs for neighborhoods
with different levels of the lifestyle indicator. In other words, the marginal effect of the lifestyle
indicator differs for neighborhoods with different levels of NSES. For the lifestyle indicators
smoking, alcohol consumption and sport club membership, individual coefficients for NSES and
the lifestyle indicators are, again, significant. However, the interaction effects are not significant,
which suggests that NSES and each lifestyle indicator has an independent effect on AHCP. Only
for physical activity, the interaction term is significant (p<0.001) and positive (+4.35). This
implies that the association between AHCP and NSES was greater in neighborhoods where more
people complied with the minimum exercise guideline.
Table 5.3: Regression results on average health care costs performance (dependent
variable) for NSES and 4 lifestyle indicators
(1)
-182.1
***
(7.87)

NSES
Lifestyle
factor
NSES *
Lifestyle
factor
constant
R2

-28.97
***
(6.99)
0.519

smoking
(3)
-127.8
***
(9.30)
-38.51 -19.87
***
***
(2.95) (2.27)
(2)

3,020
***
(236)
0.435

1,537
***
(181)
0.588

(4)
-35.4
***
(135)
-20.2
***
(2.21)
-1.20

alcohol consumption
(2)
(3)
(4)
-164.9 -188.8
***
***
(8.73) (40.0)
16.18
5.46
5.77
***
***
***
(1.50)
(1.32)
(1.53)
0.56

(1.75)
1,564
***
(176)
0.589

-667.2
***
(62.4)
0.199

-251.2
***
(54.7)
0.537

(0.91)
-263.1
***
(62.6)
0.537

physical activity
(2)
(3)
(4)
-177.7
-393
***
***
(8.01)
(71.9)
-14.25 -2.30
-1.19
***
(2.62) (1.75)
(1.70)
4.35
***
(1.45)
720.3
87.81
25.97
***
(133)
(88.3) (86.5)
0.089 0.521
0.529

sport club member
(2)
(3)
(4)
-120.7
-138.0
***
***
(9.38)
(23.2)
-24.81 -13.53
-13.49
***
***
***
(1.10)
(1.22)
(1.23)
-0.848
581.7
***
(29.4)
0.467

297.9
***
(31.67)
0.599

Standard errors in parentheses (* p<0.1, ** p<0.05, *** p<0.01)

Figure 5.1 shows the interaction effect of the lifestyle indicators on the relationship
between NSES and AHCP, with confidence intervals. Additionally, the dashed lines show the
effects of NSES on AHCP independent of the lifestyle indicators (as in the third model). The
figures show a downward slope for smoking and an upward slope for alcohol consumption,
physical activity and sport club membership. An upwards slope indicates that neighborhoods
with a healthier lifestyle would profit less – i.e., have a smaller drop in average health care cost
performance – from moving up the socioeconomic ladder than neighborhoods with less healthy
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(0.98)
294.4
***
(31.5)
0.599

lifestyles. For physical activity, in neighborhoods with a low level of compliance with the
physical activity guideline the marginal effect of NSES on AHCP is below the dashed line, as is
the confidence interval. This means that the marginal effect of NSES on AHCP is significant for
physical activity. In other words, an improvement of NSES in neighborhoods with low
adherence to the exercise norm would reduce AHCP more than in neighborhoods where
compliance with the exercise norm is high. For all other lifestyle indicators, the confidence
interval includes the original estimate of the NSES at all levels of the lifestyle indicator. Hence,
for these lifestyle indicators, the marginal effect of NSES on AHCP is not significant. An
alternative but equivalent interpretation of the foregoing results is that increasing the rate of
compliance with the exercise norm would reduce health care costs more in low SES
neighborhoods than in high SES neighborhoods (see Figure S1 in Supplement).
Figure 5.1: Margin plots showing the interaction effect of a lifestyle indicator on the
relationship of NSES with average health care cost performance, for four lifestyle
indicators, with confidence intervals (2016)

Note: Values on the horizontal axes represent the lifestyle factor. Those on the vertical axes represent the
marginal effect of NSES on AHCP; that is, the effect of moving up one standard deviation on the NSES
scale on average health care cost performance. The dotted horizontal lines represent the effect of NSES on
AHCP without the interaction effect
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5.4 Discussion
The outcomes of our research confirm that health care costs are negatively associated with
smoking (Xu et al., 2015) and insufficient physical activity (Pratt et al., 2000). While other
research shows that lifestyle factors and socioeconomic characteristics are independently related
to, for example, perceived health (Molarius et al., 2006) and health outcomes (Lantz et al., 1998;
Petrovic et al., 2018), our findings show a similar association for average health care cost,
particularly for smoking and sport club membership. Remarkably, this finding does not hold for
getting sufficient physical activity. This indicates that health effects may indeed vary for different
types of physical activity. We did find that lifestyle effects sometimes differ for different NSES
levels. Earlier research suggests that the health effects of physical activity can be different
depending on whether physical activity occurs during work or in leisure time, and whether it is
in the context of practicing a sport (Andersen et al., 2000). Unfortunately for the current study,
no neighborhood-level data were available detailing types of physical activity.
We found that greater compliance with the alcohol norm was associated with higher
average neighborhood health care costs. This contradicts other research which points to many
adverse health effects of (excessive) alcohol consumption (Bouchery et al., 2011; Wood et al.,
2018). Indeed, evidence is ambivalent about the health effects of moderate alcohol consumption
(Bouchery et al., 2011; Fernandez-Sola, 2015). Our findings in this regard support the hypothesis
that moderate alcohol consumption can have health benefits, such as lower incidence of
cardiovascular events and mortality (Fernandez-Sola, 2015). Other research suggests that the
prevalence of excessive drinking may not be related to educational level (Van Oers et al., 1999).
Often, deprived neighborhoods have higher proportions of current drinkers (i.e., those presently
consuming an alcoholic beverage), while also having lower weekly alcohol consumption rates
(Brenner et al., 2015). In the Netherlands, statistics show that while lower educated men under
the age of 65 consume most alcohol, alcohol use among women is highest for the highest
educated group, for all age groups (RIVM, 2017). Future research investigating the remarkable
relationship between alcohol consumption and health care costs that we found would be very
welcome, including looking at the effects of using different thresholds for “excessive” drinking.
Our analysis had several limitations. First of all, while we used rich, whole-population
data, our data included only health care costs covered under the Dutch Health Insurance Act.
Although this coverage is broad, including all basic health care, it may nonetheless have missed
some direct and indirect health-related expenses stemming from, for example, general
practitioner care, hospital care and pharmaceuticals. Secondly, in our study we analyzed lifestyle
indicators for smoking, alcohol consumption and physical activity, but we omitted a fourth
potentially important lifestyle factor: nutrition. Unfortunately, no data on nutrition was
available at the neighborhood level. As a healthy diet can have positive health effects, future
studies may wish to take diet into account (Lenoir-Wijnkoop et al., 2013; Kiefte-De Jong et al.).
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Thirdly, because our study focused on the neighborhood level, the findings may not be fully be
transferable to policies and interventions aimed at the individual level. However, research shows
that neighborhood characteristics can affect the physical health of individuals (Loh et al., 2016).
Fourthly, because of the unique characteristics of the Dutch health care system and Dutch
society (e.g., the country’s rather egalitarian socioeconomic structure and large sport club
membership), the outcomes of this research may not be fully generalizable to other countries.
However, because of the scope of this research, we believe that the findings provide valuable
insights, as would similar investigations in other countries. Additionally, because we used a
cross-sectional approach, the socioeconomic gradients in health care costs that we found
represent associations, and are not necessarily indicative of causal relationships between NSES,
lifestyle factors and health care costs. Future research could look in more detail at the effects of
NSES and lifestyle factors on specific types of health care costs.

5.5 Conclusion
From our correlations and regression analyses, we can conclude that, at the neighborhood level,
a higher percentage of non-smokers, persons getting enough physical activity and sport club
members are all associated with significantly lower health care costs. Accounting for age and
gender, but not differences in NSES, neighborhoods with 1 percentage point less smokers, more
sport club members and getting enough physical activity had on average €39, €25 and €14 less
annual health care costs per person, respectively. Surprisingly, neighborhoods with a higher
compliance with the alcohol norm also had significantly higher health care costs. One percentage
point less alcohol users was associated with €16 higher average costs. Moreover, our regression
analysis showed that the associations for smoking, sport club membership and alcohol
consumption were both additional to (consistent coefficient signs in models 3 and 4) and
independent of (no significant interaction coefficient in models 4) a neighborhood’s
socioeconomic status. Hence, the lifestyle indicators smoking and sport club membership seem
to be complementary to NSES in explaining variations between neighborhoods in health care
costs. For physical activity, the findings differ. When NSES was added to the equation (in model
3), physical activity was no longer significantly associated with health care costs. However, the
significant and positive interaction between NSES and physical activity in estimating health care
costs (model 4) implies that in neighborhoods with less compliance with the exercise norm,
NSES has a stronger marginal effect on average costs.
Our findings suggest that policies aiming at increasing the number of non-smokers and
sport club members would be beneficial in reducing health care costs for all neighborhood
socioeconomic levels. Increasing the percentage of persons getting enough physical activity in
general may only be effective in low socioeconomic status neighborhoods. Physical activity
policies would be advised to focus on increasing physical activity particularly via sport club
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membership and perhaps also through other leisure time activities, such as by removing or
diminishing (financial) barriers to participate in such activities for low income groups. In the
Netherlands, local policies aimed at increasing youth sport club membership seem to be
successful in reducing socioeconomic differences in sport club participation. Future research
could focus on other lifestyle factors, such as nutrition, as well as on the differential effects of
several types of physical activity, including physical activity in the context of work or as a means
of transportation (e.g., commuting by foot or by bicycle) and practicing a sport outside the
context of a sport club. To investigate the causal relationship between lifestyle factors,
socioeconomic characteristics and health care costs, future research could furthermore look at
individual data or take a longitudinal approach.
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Appendix
An alternative interpretation of the results for the interaction term ( in equation (5.4)) is to
look at how the relationship between a lifestyle indicator and average health care costs
performance changes with different levels of NSES. This is visualized in Figure A3.1 below.
Figure A3.1: margins plots showing the interaction effect of NSES on the relationship of a
lifestyle indicator with average health care costs performance, for 4 lifestyle indicators,
with confidence intervals (2016)

Note: the x-axis shows the value of NSES, the y-axis shows the marginal effect of a lifestyle factor on
AHCP, i.e. what the effect is of moving up one percentage point on the scale of the lifestyle indicator on
the average health care costs performance. The dotted horizontal line shows the effect of lifestyle
indicator on AHCP without the interaction effect (β2 in equation (5.3)).

89

90

Chapter |6|
Chapter 6. Covid-19 and socioeconomic inequalities in physical
activity
What is the impact of the Covid-19 crisis on socioeconomic
differences in physical activity behavior?5

Abstract
Objective: Covid-19 and measures to contain spreading the disease have led to changed physical activity
behavior. This study aims to investigate the relationship between socioeconomic status (SES) and
changes in the amount of moderate to vigorous physical activity (MVPA) during the Covid-19 crisis.
Methods: Using the Dutch Lifelines Covid-19 cohort study (n = 17,749), the amount of MVPA was
measured at 15 time-points between March and December 2020, and compared with the amount before
the Covid19 pandemic. For SES, the population was stratified in three education and income levels.
Logistic regression models were used to estimate the odds ratio (OR) and confidence interval (CI) of
altered MVPA for low and high SES groups, with the middle SES category as the reference group.
Results: A clear socioeconomic gradient in changes in MVPA behavior was observed. Lower educated
individuals had significantly higher odds (OR = 1.14; CI: 1.03–1.27) of decreasing MVPA, while the
higher educated had significantly lower odds of decreased MVPA (OR = 0.84, CI: 0.79–0.90). Both low
education (OR = 0.87; CI: 0.77–0.98) and low income (OR = 0.85; CI 0.78–0.92) had significantly lower
odds to increase MVPA, while high education (OR = 1.21, CI: 1.12–1.30) and high income (OR = 1.17; CI:
1.07–1.28) had significantly higher odds to increase MVPA. Most findings were consistent over the full
research period.
Conclusion: Socioeconomic inequalities in MVPA have increased during the Covid-19 pandemic, even
when Covid-19 containment measures were relaxed. Our findings suggest that future public health
policies need to increase efforts to improve physical activity behavior with an even larger focus on low
SES groups.

5 Joint work with J.O. Mierau, J. Schoemaker, L. Viluma, R.H. Koning and Lifelines Corona Research
Initiative. A condensed version of this chapter has been published in Preventive Medicine as De Boer et
al. (2021b).
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6.1 Introduction
The social distancing measures and lockdowns implemented by many governments worldwide
due to the coronavirus disease 2019 (Covid-19) pandemic have led to dramatic changes in
physical activity (PA) levels (Tison et al., 2020; Wilke et al., 2021). These changes may vary
between different societal groups. The aim of this study is to investigate the association between
socioeconomic status and the chances of decreasing or increasing the amount of moderate to
vigorous PA (MVPA), compared with the amount of MVPA before Covid-19 measures were
implemented. Using a large population-based panel, this is the first longitudinal study which
examine the socioeconomic gradient of changes in PA behavior during the Covid-19 pandemic.
Covid-19 is highly infectious and potentially deadly disease caused by SARS‐CoV‐2 virus
that can lead to severe respiratory illness (Lai et al., 2020). Covid-19 was declared a global
pandemic by the World Health Organization on 11 March 2020. To limit the spreading of the
disease, most national governments implemented social distancing and other measures (WilderSmith & Freedman, 2020). Many of these, including the closure of schools and businesses, and
bans on social gatherings and sporting events, have had a severe impact on the possibilities to
engage in physical activity (PA) (Parnell et al., 2020). As a result, there have been shifts in the
participation in physical activities, with the main observed effects showing a significant decrease
in PA levels (Tison et al., 2020; Martínez-de-Quel et al., 2021).
Physical activity is an important determinant of health. Positive health effects of PA
include lower risks of obesity, type 2 diabetes mellitus, cardiovascular diseases as well as mental
health illness such as dementia and depression (Reiner et al., 2013; Pedersen & Saltin, 2015;
Chekroud et al., 2018). Regular PA is also associated with longer life expectancy (Reimers et al.,
2012) and lower health care costs (De Boer et al., 2020).
It is well established that there are socioeconomic differences in being physically active
(Mackenbach et al., 2008; Beenackers et al., 2012). This socioeconomic gradient in PA can partly
be explained by differences in available means in terms of time and money (Spinney & Millwall,
2010), availability and proximities of sport and physical activity facilities (Wicker et al., 2013), a
supportive physical environment (Giles-Corti & Donovan, 2002), social capital (Lindström et
al., 2001), as well as individuals’ beliefs of the benefits of PA (Wardle & Steptoe, 2003).
Socioeconomic differences in PA, in turn, contribute to disparities in health outcomes (Petrovic
et al., 2018). The Covid-19 pandemic coincides with and intensifies an ongoing global crisis in
physical activity and sedentary behavior (Hall et al., 2021). Reducing socioeconomic inequality
has been a priority of international health policies to challenge physical inactivity (DiPietro et
al., 2020). It is therefore important to understand the impact of the Covid-19 pandemic and the
resulting measures on PA behavior in relation to socioeconomic characteristics.
A short timeline of the relevant Dutch Covid-19 measures is presented in Table 6.1. On March
12, 2020 the first social-distancing Covid-19 related measures were initiated by the Dutch
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government (Rijksoverheid, 2021). From March 16, schools were closed and bans were
introduced on, among others, group and indoor sport activities. As the first wave of the pandemic
was contained, some of the measures were relaxed, starting in May 2020. On July 1, bans on
indoor sports and PA facilities and group sports were lifted. However, in Autumn, as the
pandemic saw a second wave, increasingly tight measures were being (re)instated. From October
onwards, sport competitions were suspended, while from December 15, the Netherlands went in
full lockdown. As a result of the pandemic and related government measures, many people have
become less physically active during 2020, while others increased their amount of physical
activity (RIVM, 2021).
Using panel data from the Lifelines cohort study for 15 moments from April until
December 2020, our research aims to provide insights in changes in individual level MVPA
behavior in relationship with socioeconomic status (SES). The outcomes provide insights in
which socioeconomic groups have been most vulnerable with regard to changes in MVPA
behavior during the Covid-19 pandemic and could provide guidance for curbing the negative
MVPA trends and hence improve public health.
Table 6.1: Actions and measures in response to the Covid-19 pandemic, for the
Netherlands, 2020
Date

Actions / measures

2020-03-11
2020-03-12
2020-03-16
2020-05-11

WHO declares Covid-19 pandemic
Dutch government advices to work from home, cancels sporting events
Closure of schools, sport facilities; contact professions suspended
Outdoor sports reopened; primary education partly reopened
Primary and secondary schools reopened
Indoor sports and fitness clubs reopened

2020-06-01
2020-07-01

2020-11-03
2020-11-14

Sharp increase of infections leading to ban on events and gathering with over 50
persons
Sport competitions suspended
Closure of swimming pools; group lessons prohibited
Reopening of swimming pools; group lessons allowed

2020-12-15

Full lockdown; all gatherings of more than 3 persons suspended; indoor and group
sports prohibited

2020-09-09
2020-10-13

6.2

Methods

6.2.1 Data
The Lifelines Covid-19 cohort study is a large questionnaire-based cohort study
specifically established to investigate the Covid-19 infection and its health and societal impacts
in a population-based cohort in the North of the Netherlands (Mc Intyre et al., 2021).
Participants were recruited from the general Lifelines prospective cohort study (Scholtens et al.,
2015; Mc Intyre et al., 2021). They were asked to fill out detailed online questionnaires about
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their physical and mental health and experiences on a weekly basis, starting in late March of
2020, and on a bi-weekly basis from June 2020 (Measurement moments are provided in Table
A6.1 of the Appendix). Unfortunately, no data is available for August and September 2020,
because the Lifelines Covid-19 questionnaire in these months did not include questions on PA.
Only people with baseline MVPA measurement (i.e. who answered the question on the
amount of MVPA they performed before the Covid-19 crisis) were included in the study sample.
The baseline MVPA measurement was part of the first and the second measurement moment of
the Lifelines Covid-19 study. Baseline measurement from the first wave was added to the second
wave to maximize the size of the cohort. Participants with missing data on socioeconomic
indicators (at baseline) as well as the covariates were omitted (see figure A1 in the appendix for
the flow chart). Respondents aged 25 or below, and pregnant women, were also eliminated since
they could interfere with education and PA respectively. The remaining sample consisted of
17,749 individuals.
For baseline MVPA assessment, respondents were asked: ‘before the corona crisis, how
many minutes of (moderately) intense activity did you do each week (e.g. walking, bicycling or
running)?’ The answers categories were: 0-50 minutes, 50-100 minutes, 100-150 minutes, 150180 minutes, more than 180 minutes. In the first seven measurements, respondents were asked
about the amount of (moderately) intense activity they did in the previous 7 days, with the same
answer possibilities as for the baseline measurement. From the 8th measurement the Covid-19
questionnaire was biweekly, with the corresponding question: ‘in the last 14 days, how many
minutes of (moderately) intense activity did you do?’, and corresponding answers categories: 0100 minutes, 100-200 minutes, 200-300 minutes, 300-360 minutes, and more than 360
minutes. The dependent variables were construct by comparing the amount of MVPA with the
baseline measurement and categorized as being ‘decreased’, ‘equal’ or ‘increased’, for each
individual. The incidences of decreased MVPA and increased MVPA are the subject of our
investigation and form separate dependent variables in the research models.
In our study, educational attainment functions as the main indicator for socioeconomic
status. For education, respondents were categorized as ‘low education’ if they had no, lower
vocational, or low or middle secondary education as their highest finished education level.
Respondents were classified as ‘middle education’ if they finished higher secondary education
or middle vocational education and ‘high education’ for completing higher vocational education
or university. For sensitivity analysis, we have performed additional analysis with net personal
income as the SES indicator. To establish the net personal income, respondents were asked:
‘what was your personal net income before the corona crisis?’; with €500-step answer categories
(i.e.: less than €500; €500 to €1000; etc.). Individuals with a net income of €1500 or below were
around a third of the panel and were categorized as the ‘low income’ group. The ‘high income’

94

group consisted of people with a net income of €2500 or higher, comprising also roughly one
third of the panel.
To adjust for confounding, sociodemographic factors sex and age were included. Since
research shows that major life events (Van Houten et al., 2017; O’Donoghue et al., 2018) can
impact MVPA behavior, indicators for being single and having one or more children aged 12 or
below living at home (that is, children up to primary school age) were found to be strongly
correlated with changes in MVPA behavior and therefor included in the analysis. Smoking and
the amount of MVPA at baseline served as covariates for lifestyle (Audrain-McGovern et al.,
2003). For all covariates only baseline measurement was included, since information at other
moments was mostly unavailable, or else scattered and incomplete at best.
6.2.2 Analysis
In this study, we estimated the associations between socioeconomic status (education and
income), and decreased and increased MVPA. First, we estimated a logistic regression model
(Model 1) for whether or not MVPA had decreased, for each time point separately. For each time
point T (t = 1, …, 15), and each dependent variable Yj of decreased MVPA (j=1) or decreased
MVPA (j=2) than before the Covid-19 crisis, we have I independent observations (respondents)
y1,j,t, . . . , yI,j,t. Each observation yi,j,t can be treated as a realization of a Yi,j,t. We assume that Yi,j,t
(Yi,j,t=0 or 1) has a specific binomial distribution function for at each moment t:
Yi,j,t ∼ B(ni,j,t, πi,j,t),

(6.1)

with binomial denominator ni,j,t = 1 for all observations, and probability πi,j,t. We further assume
that the logit of the underlying probability πi,j,t is a linear function of the socioeconomic predictor
and the covariates
Logit(πi,1,t) = α1,t + β1,low,t Educationi,low + β1,high,t Educationi,high + ∑F
G

 i,m γ1,m,t
(6.2a)

+ ui,1,t
for decreased MVPA (j=1), and
Logit(πi,2,t) = α2,t + β2,low,t Educationi,low + β2,high,t Educationi,high + ∑F
G

 i,m γ2,m,t
(6.2b)

+ ui,2,t

for increased MVPA (j=2), with Educationi,k a dummy for lower education (k=low) and higher
education (k=high), with middle education functioning as the reference value. In each model,
βj,k,t represents the regression coefficient for education; γi,m,t the regression coefficient for each
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xi,m,,t , the m-th covariate at the t-th time point; and ui,j,t the error term for each observation. We
assume that ui,j,t follows a normal distribution with mean 0 and variance σ2.
In a first simple model (Model 0), xj,t is covariate j (j is age, sex or the amount of MVPA at
baseline - i.e. before the Covid-19 crisis). The amount of MVPA is by definition strongly related
to the outcome variables, because, in our operationalization, it is impossible for persons in the
‘0-50 minutes MVPA per week’ category to decrease MVPA. By using the amount of baseline
MVPA as covariates, this category will be omitted for the regression estimation of decreasing
MVPA. Similarly, the ‘over 180 minutes MVPA per week’ category is eliminated from the
regression analysis on increasing MVPA. In the model that was presented in the main text
(Model 1), xj,t includes the same variables as for the first model but adds confounders for living
alone, having small children living at home and smoking. Also we included the variable age
squared in the analysis, since some models show that the relationship between age and doing
decreased or increased MVPA was non-linear. In effect, Model 1 is an extended version of Model
0 with more covariates.
Finally, we estimate RE logistic regression model for the full panel, with time-specific
effects δj,t which affect all individuals in the same way:
Logit(πi,j,t) = αj + βj,low Educationi,low + βj,high Educationi,high + ∑IJ
H j,t
1
+ ∑F
G

 i,m γj,m + ui,j

(6.3)

with again SES being education or income. This model (Model 2) has time-independent
estimates for all covariates for each value of j, while δj,t is the dummy variables for time point t
with the final time point (t = 15) serving as the reference period. RE models consider both withinsubjects variance as well as between-subjects variance. Because the socioeconomic indicators as
well as the covariates are static (i.e. they do not vary over time) and likelihood-ratio tests were
significant, the RE model is appropriate for our analysis.
For each of the models, the odds ratio (OR) for the SES indicators (with middle education
as the reference category) and a 95% confidence interval (CI) are presented. ORs with a p-value
below 0.05 were identified as statistically significant. For the analysis Stata 16 was used (Stata
Corp. LLC, College Station, Texas, USA).

6.3 Results
Population characteristics at first measurement (inquiry at March 31) are presented in Table 6.2,
with breakdowns by education and income levels. At baseline, 61.3% of the included individuals
(n = 17,749) was female and the average age was 58.1 years. One in ten people was lower
educated, while 38% had completed higher education. A third of the dataset consisted of
individuals with a net income lower than €1500, while one in four had an income of €2500 or
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higher. Furthermore, 12.5% were living alone, while 10.6% had children aged 12 or below living
at home and 7.3% were current smokers. Low-SES categories included relatively more elderly
people, smokers and people doing little MVPA (less than 100 minutes per week). High-SES
categories consisted of relatively many males, adults with small children at home and people
doing 150 minutes or more MVPA at baseline.
Table 6.2: Summary statistics, by SES categories and total (at first measurement)
Education
Variable
Low
Middle
Observations
1,766
9,150
Sex (1 = female)
0.525
0.654
Age
63.5
58.6
Education
Low
1.000
Middle
1.000
High
Income (net monthly)
Low (<€1500)
0.562
0.411
Middle (€1500-€2500)
0.365
0.429
High (€2500 or higher)
0.073
0.161
Living alone
0.145
0.126
Child 0-12 years living at home
0.036
0.085
Smoker (current)
0.106
0.084
PA at baseline (minutes per week)
0-50 minutes
0.115
0.092
50-100 minutes
0.229
0.190
100-150 minutes
0.163
0.171
150-180 minutes
0.315
0.359
180 minutes or more
0.178
0.188

High
6,833
0.581
56.2

1.000

Income (net monthly)
Low
Middle
High
5,922
7,313
4,514
0.868
0.599
0.302
60.2
57.1
57.2
0.168
0.634
0.198

0.088
0.536
0.376

Total
17,749
0.613
58.1

0.029
0.326
0.646

0.099
0.516
0.385

0.172
0.402
0.426
0.119
0.152
0.052

1.000

0.114
0.071
0.079

0.149
0.116
0.076

1.000
0.102
0.136
0.064

0.334
0.412
0.254
0.125
0.106
0.074

0.070
0.161
0.179
0.406
0.184

0.090
0.191
0.178
0.357
0.184

0.090
0.181
0.172
0.371
0.187

0.073
0.174
0.171
0.397
0.184

0.086
0.183
0.174
0.373
0.185

1.000

At the first wave, 40% of the individuals decreased their amount of MVPA, while 13%
increased the amount (see Figures 6.1 and 6.2). From the second measurement, decreased
MVPA was more or less stable around 23%, until the middle of May when it jumped to around
28%. The percentage of people that increased MVPA grew gradually, to stabilize around 27% in
the second half of 2020. The differences between SES categories here are relatively small. Over
the period March to December 2020, the incidences of decreased and increased MVPA did not
differ much over the three education types. It is important to realize that these are the outcomes
for the whole sample, with the low-SES having a relatively large portion of people in the category
with little (<50 minutes per week) MVPA and thus having a relatively larger number of people
unable to decrease MVPA. Similarly, the high-SES categories include relatively many people
unable to be included in the ‘increase MVPA’ category. To address this bias, as well as to control
for other potential covariates and confounders, logistic regression models were used.
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Figure 6.1: percentage decreased MVPA, by education type, March – December 2020
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Figure 6.2: percentage increased MVPA, by education type, March - December 2020
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In Model 1 we estimated the association of education with changes in MVPA behavior,
for each measurement moment. Table 6.3 shows the outcomes of these models for the first (t=1)
and last (t = 15) wave. At t=1, high education is associated with a significant 12% chance (OR:
0.88) of decreasing MVPA (than the middle educated), while for lower education an insignificant
9% lower chance (OR = 0.91) was found. For increased MVPA, the coefficients for all SES98

indicators are significant, with low education being associated with a 15% smaller chance (OR =
0.85) of increasing MVPA and high education with a 26% larger chance (OR = 1.26). At the final
measurement (t=15), high education was significantly associated with lower chances of
decreased MVPA and higher odds for increased MVPA. For low education the reverse is
observed, with significant odds ratios.
Table 6.3: Model outcomes of the logistic regressions (Model 1) for decreased MVPA and
increased MVPA for education and income, at first and last measurement
Variable

First measurement (t=1)
Decreased
Increased MVPA
MVPA
OR
P-value
OR
P-value
1.02
0.635
1.14
0.011
0.92
0.000
1.07
0.002
1.00
0.000
1.00
0.001

Sex
Age
Age2
Education
Low
0.91
0.128
Middle
ref.
High
0.88
0.001
Living alone
1.15
0.014
Child
1.06
0.367
Smoker
1.16
0.038
PA at baseline (minutes per week)
0-50
n/a
50-100
0.82
0.000
100-150
ref.
150-180
0.97
0.483
>180
21.57
0.000
constant
5.83
0.000
OR = Odds ratio.

0.86
ref.
1.26
0.99
1.21
0.69
1.18
0.83
ref.
0.05
n/a
0.06

0.077
0.000
0.928
0.025
0.000
0.017
0.001
0.000
0.000

Last measurement (t=15)
Decreased
Increased
MVPA
MVPA
OR
P-value
OR
P-value
1.05
0.277
1.12
0.016
0.97
0.114
1.01
0.726
1.00
0.491
1.00
0.913
1.23
ref.
0.80
1.14
1.36
1.27
n/a
0.76
ref.
1.15
12.67
0.93

0.008
0.000
0.047
0.000
0.006

0.000
0.025
0.000
0.884

0.83
ref.
1.21
0.89
0.95
0.77
0.87
0.81
ref.
0.08
n/a
0.76

0.021
0.000
0.079
0.517
0.002
0.064
0.000
0.000
0.624

Figure 6.3 shows the Model 2 odds ratios for the association of SES with decreased MVPA on a
time scale, with confidence intervals for each measurement moment. The first measurements
show the SES odds ratios shifting around 1. Over time, the model outcomes shift to higher ORs
of around 1.2 for low education and lower odds of around 0.8 for higher education. Both these
estimates differ significantly from the middle education group (OR defined as 1). Figure 6.4
shows the odds ratios for increased MVPA. For high education, the ORs are consistently around
1.25. They also differ significantly from the middle education group for all measurement
moments. Initially, the lower education group has a significantly low odds ratio (OR = 0.71 for
beginning of April), but this steadily increases over the year (OR = 0.97 for early November),
only to drop dramatically at the end of the year (OR = 0.83 for the final measurement). Mostly
these odds ratios do not differ significantly from the middle education group.
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Figure 6.3: Model 1 outcomes for decreased MVPA in odds ratios, by education level
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Legend: the firm lines with markers show the odds ratios for low education (green) and high education
(blue), with middle education (yellow) the reference (OR = 1). The markers are the actual estimated odds
ratios for the 15 measurement moments. The dashed lines show the confidence intervals.

Figure 6.4: Model 1 outcomes for increased MVPA in odds ratios, by education level
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Legend: see Figure 6.1.
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Finally, Table 6.4 shows the results of the random effects logit models (Model 2) for the
full panel. The outcomes show that lower education is associated with significant higher odds
for decreased MVPA (OR = 1.14) and a significant lower chance of increased MVPA (OR = 0.87),
compared with middle education. Similarly, individuals with higher education did significantly
more often increase MVPA (OR = 1.21), while also less often decreasing MVPA (OR = 0.84). In
addition, living alone (OR = 1.23), living with small children (OR = 1.20) and smoking (OR =
1.39) were associated with significantly higher chances of decreased MVPA. Smoking was
associated with significantly lower odds (OR = 0.64) of increasing MVPA, while women had
significantly higher odds for both decreasing (OR = 1.13) and increasing (OR = 1. 22) than men.
Table 6.4: Model outcomes of the RE logistic panel data analysis (Model 2) for decreased
MVPA and increased MVPA for education
Decreased MVPA

Increased MVPA

OR (CI)

P-value

OR (CI)

P-value

1.13 (1.06 - 1.20)

0.000

1.22 (1.13 - 1.31)

0.000

Age

0.96 (0.93 - 0.98)

0.001

1.00 (0.97 - 1.03)

0.862

Age2

1.00 (1.00 - 1.00)

0.074

1.00 (1.00 - 1.00)

0.980

1.14 (1.03 - 1.27)

0.015

0.87 (0.77 - 0.98)

0.020

Variable
Sex

Education
Low
Middle
High

ref.

ref.

0.84 (0.79 - 0.90)

0.000

1.21 (1.12 - 1.30)

0.000

Living alone

1.23 (1.12 - 1.35)

0.000

0.94 (0.84 - 1.04)

0.223

Child

1.20 (1.07 - 1.35)

0.001

1.08 (0.95 - 1.23)

0.211

Smoker

1.39 (1.23 - 1.57)

0.000

0.64 (0.56 - 0.73)

0.000

0.66 (0.58 - 0.74)

0.000

0.000

0.53 (0.48 - 0.58)

0.000

PA at baseline (minutes per week)
0-50

n.a

50-100

0.76 (0.69 - 0.84)

100-150

ref.

150-180
>180
Time dummies
constant

ref.

1.18 (1.08 - 1.28)

0.000

0.02 (0.02 - 0.02)

32.96 (29.90 - 36.34)

0.000

n.a.

0.300

1.75 (0.77 - 3.99)

Incl.

0.000

Incl.

0.68 (0.33 - 1.40)

0.185

OR = Odds ratio; CI = 95% confidence interval.

6.3.1 Sensitivity analysis
For sensitivity analysis, we have estimated the same models with net personal income instead of
education. Over time (Figures 6.4 and 6.5) the income gradients for changes in MVPA behavior
were similar to those for education. For decreasing MVPA, the outcomes of Model 2 (Table 6.5)
show larger chances for low income (OR = 1.05) and smaller chances for high income (OR =
0.94). The socioeconomic gradient for decreased MVPA is not significant and slightly less steep
than for education. For increasing MVPA, the results for income were significant and similar in
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size as for education. Low income is associated with significantly lower odds of increased MVPA
(ORs = 0.85) and the high income group having significantly higher chances of increased MVPA
(OR = 1.17).
Figure 6.4: Model 1 outcomes for decreased MVPA by income level, odds ratios
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Legend: the firm lines with markers show the odds ratios for low education (green) and high education
(blue), with middle education (yellow) the reference (OR = 1). The markers are the actual estimated odds
ratios for the 15 measurement moments. The dashed lines show the confidence intervals.

Figure 6.5: Model 1 outcomes for increased MVPA by income level, odds ratios
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Legend: see Figure 6.4
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Table 6.5: Model outcomes of the RE logistic panel data analysis (Model 2) for decreased
MVPA and increased MVPA for income
Decreased MVPA
OR (CI)
Variable
Sex
1.09 (1.01 - 1.17)
Age
0.96 (0.94 - 0.99)
Age2
1.00 (1.00 - 1.00)
Income
Low
1.05 (0.97 - 1.13)
Middle
ref.
High
0.94 (0.87 - 1.02)
Living alone
1.23 (1.12 - 1.35)
Child
1.18 (1.06 - 1.33)
Smoker
1.42 (1.26 - 1.60)
PA at baseline (minutes per week)
0-50
n.a
50-100
0.77 (0.70 - 0.85)
100-150
ref.
150-180
1.17 (1.08 - 1.28)
>180
33.08 (30.00 - 36.48)
Time dummies
Incl.
constant
0.58 (0.29 - 1.20)

P-value
0.018
0.003
0.100
0.246
0.113
0.000
0.003
0.000

0.000
0.000
0.000
0.143

Increased MVPA
OR (CI)
1.36 (1.25 - 1.47)
0.99 (0.96 - 1.02)
1.00 (1.00 - 1.00)

P-value
0.000
0.583
0.732

0.85 (0.78 - 0.92)
ref.
1.17 (1.07 - 1.28)
0.93 (0.83 - 1.03)
1.10 (0.97 - 1.25)
0.63 (0.55 - 0.72)

0.000

0.65 (0.58 - 0.74)
0.52 (0.47 - 0.57)
ref.
0.02 (0.02 - 0.02)
n.a.
Incl.
2.06 (0.91 - 4.68)

0.000
0.000

0.001
0.159
0.148
0.000

0.000

0.085

6.4 Discussion
This study is the first to investigate the socioeconomic differences in physical activity behavior
during the Covid-19 pandemic over a longer period. Using unique, large, population-based panel
data, it was possible not only to document these difference but also follow the trends in the
socioeconomic gradient in physical activity behavior over a 9-month period.
We found that, a large proportion of the population decreased their amount of MVPA in
the first few weeks after the first Covid-19 measures were introduced. This effect was more or
less similar for all socioeconomic groups. However, from May 2020 onwards, a clear
socioeconomic gradient emerged, with low-educated individuals having significantly higher
odds of decreasing MVPA, than high-educated individuals, ceteris paribus. Also, for increased
MVPA, a strong positive socioeconomic gradient was observed. This finding was consistent
throughout the whole measurement period. In addition, smoking, living alone or having little
children living at home were also factors that significantly increased socioeconomic inequalities
in MVPA. The socioeconomic gradient in MVPA change that we observed is consistent with the
gradient in MVPA level, that was found before the Covid-19 pandemic, both in this study many
others (Giles-Corti and Donovan, 2002; Wilson et al., 2004).
The model outcomes show that socioeconomic differences are relatively stable over time.
In the Summer of 2020, many Covid-19 containment measures were relaxed, but this seems to
have had a limited effect on the socioeconomic differences in MVPA behavior that was
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established during the preceding period with severe measures. In November 2020, when new
measures reduced the opportunities to practice sports and physical activities, socioeconomic
inequalities in MVPA increased even more. The evidence from this study suggests that in the
long run, when the Covid-19 pandemic is contained, socioeconomic inequalities in MVPA levels
may remain significantly larger than before theCovid-19 pandemic.
Our analysis has several limitations. First, our study depends on subjective reporting of
MVPA instead of more reliable observation measurement methods (e.g. with accelerometers).
However, research shows a strong correlation between questionnaire and accelerometer MVPA
measurements, especially when time interval levels are used, as was the case in the current study
(Hart et al., 2011). Second, for the baseline measurement, respondents were asked about the
amount of MVPA they performed “before the Covid-19 crisis”, which lacks specificity.
Respondents may have interpreted this question as the amount of MVPA in a specific week or as
an average week before the first Covid-19 measures were taken. Also, they could be referring to
a week immediately before the corona crisis (March 2020) or for instance the same week exactly
a year before the time-point. In all cases, each time-point would include seasonal, as well as
weather effects. The lack of clarity is somewhat problematic for both internal consistency of the
data and interpretation of the outcomes. Third, MVPA is operationalized as ordinal categories.
This means that changes within a category will go unnoticed, while equally small changes across
categories (e.g. going from 45 to 55 min MVPA per week) will be reported as MVPA changes.
Nevertheless, this issue likely has very limited effect on our results because we have a large
sample, from 15 time-points and our results seem very robust to various sensitivity analyses.
Fourth, for the lowest (0–50 min./week) and highest (>180 min) baseline MVPA categories, it
is only possible to change behavior in one direction. This limits the possibilities and data
available for e.g. multinomial logistic regression analysis. Therefore, we have chosen for separate
regression analysis for increased and decreased MVPA and use the baseline MVPA categories as
controls. Fifth, the study panel was not perfectly representative of the general population of the
northern part of the Netherlands. Although we control for several demographic and
socioeconomic variables, this may also be an indication (but not necessarily so) of selection bias
in the dependent variables (changes in MVPA). In addition, other factors, such as the
respondent’s physical or mental health status, were possible confounders of the associations
with MVPA, but due to a lack of data we could not control for them. Similar research on Covid19-related changes in MVPA behavior showed decreased MVPA was relatively more prevalent in
the Netherlands (RIVM, 2021) than in our data, while a study for Flanders study (Constandt et
al., 2020) found the opposite. Moreover, the relatively small number of low-SES respondents
might lower the predicting power of our analysis. This might be partly due to the online set-up
of the survey (e.g. the absence of persons that cannot afford a computer). Sixth, although panel
data were used to determine socioeconomic differences in MVPA over time, changes over time
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in the SES variables and covariates themselves were not measured in the Lifelines Covid-19
survey. Although there might have been changes in, for example, the income levels during the
pandemic, we believe this bias would be relatively small because most of the variables that we
use cannot change dramatically over a 9-month period and employment and income was
protected by the economic measures implemented by the Dutch government. Finally, because
our study included only demographic and lifestyle covariates, it is possible that the model
estimates suffer from omitted variable bias, such as being infected by the Covid-19 virus.
Although this study examines the extend of socioeconomic differences in MVPA behavior, it did
not investigate the underlying mechanisms. Future research should look into mediating factors
such as psychological, environmental, infrastructural or social aspects, that were known to be
important for explaining socioeconomic differences in MVPA behavior before the Covid-19 crisis
(Yen and Li, 2019; Brug et al., 2017).

6.5 Conclusion
Before the Covid-19 pandemic, socioeconomic inequalities in doing PA were substantial. This
research shows that because of this pandemic and the measures to contain the virus, the gap in
MVPA between low and high SES groups has widened. Low SES group were much more likely
to decrease MVPA and less likely to increase MVPA during the Covid-19 crisis, compared with
higher SES groups. This gradient accounts for both education and income. Alarmingly, the
findings were persistent over a long period, and included a period when many Covid-19
containing measures that harmed PA opportunities were lifted. This means that after the Covid19 crisis, socioeconomic inequalities in PA behavior may still be larger than before the pandemic.
Our findings show that there is a need for public health policies to increase efforts to stimulate
PA with a focus on the low SES groups. The Covid-19 may not only coincide with, but also
intensify, an ongoing global health and social crisis of physical inactivity and sedentary behavior.
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Appendix
Table A6.1: Measurements of MVPA in the Lifelines Covid-19 study, with start date of the
inquiry, 2020
Measurement
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Inquiry date
2020-03-31
2020-04-07
2020-04-14
2020-04-21
2020-04-28
2020-05-04
2020-05-18
2020-06-01
2020-06-15
2020-07-13
2020-10-12
2020-11-02
2020-11-16
2020-11-30
2020-12-14

Figure A6.1: Flow chart of data selection
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(n = 17,749)
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Chapter |7|
Chapter 7. Conclusions and policy implications
The premise of this thesis is the knowledge that the odds of living a long life or being healthy are
strongly related to someone’s educational or income level. In addition, the chances of
participating in physical activities and sport are also positively related to one’s socioeconomic
status (SES). However, until recently, there was relatively limited knowledge about the role of
sport participation, as a distinct component of physical activity, in relation to health or health
care costs, let alone their socioeconomic gradient. The aim of this thesis is to get a better
understanding of the relationship between sport participation on the one hand, and health,
health care costs and their inequalities on the other hand.
Using individual-level data from the Lifelines cohort study in the north of the
Netherlands, we investigated the relationship between sport participation on the one hand and
health outcomes, such as mortality and the incidence of type 2 diabetes mellitus (T2DM), on the
other. We differentiated the outcomes by socioeconomic groups (education and income) and
health status (BMI-level), in order to identify whether the association between sport
participation and health differed between groups. We also looked at to what extent differences
in sport participation can contribute to socioeconomic differences in health outcomes. Next, we
investigated to what extent a neighborhood’s socioeconomic status (NSES) was related to its
average health care costs, using full-population, neighborhood-level data for the Netherlands.
In addition, we investigated to what extent lifestyle behaviors, including physical activity and
sport club membership, were related to these socioeconomic differences in health care costs.
Finally, we researched to what extent the Covid-19 pandemic was affecting socioeconomic
inequalities in physical activity in the Netherlands in 2020. In the following sections we will
summarize the findings of the five studies that were conducted in this thesis, draw the main
conclusions and present some advice for public health and sport policies.

7.1 Summary of the results
In the first study (chapter 2), we found that sport participation was associated with significantly
lower risks of early mortality, T2DM and obesity, but there was no evidence of additional doseresponse effects for the amount, intensity or number of sports practiced. For fitness activities
the health effects seemed significantly less strong than for other types of sport, in particular team
sports. Our findings also showed that those socioeconomic differences in health outcomes could
partly be contributed to inequalities in sport participation. This contribution of sport
participation to socioeconomic health inequalities seems to be much larger for than that of
(moderate to vigorous) physical activity in general. Between socioeconomic groups, there were
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no significant differences in the magnitude of the relationship between sport participation and
health outcomes. These findings indicate that the rate of sport participation may be an important
driver of socioeconomic health differences. In order to reduce the socioeconomic inequalities in
health, public health policies may want to focus on increasing sport participation levels, rather
than physical activity levels, among low SES groups.
In the second study (chapter 3), the research population was stratified by health status,
in the form of body mass index (BMI) levels: healthy weight, overweight and obese. We found
that sport participation was associated with improved life expectancy and reduced risk of T2DM
and prediabetes, a serious health condition with dangerous blood sugar levels, just below the
value for being diagnosed with T2DM. Sport participation was associated with significant higher
life expectancy and lower risks of prediabetes for individuals with a healthy weight, than for
obese individuals. These findings indicate that sport participation may be the most beneficial for
individuals on a healthy weight. Compared with other types of commuting and leisure time
physical activity (walking, cycling, gardening, doing odd jobs), sport participation (as well as
cycling) was in many cases associated with significantly larger reductions in health risks. The
outcomes indicate that future public health policies as well as physical activity advice (from
health professionals) should be personalized regarding the individual’s health status.
Next, we turned our attention to socioeconomic differences in health care costs and the
relationship with sport and physical activity. In the third study (chapter 4), we investigated to
what extent, in the Netherlands, a neighborhood’s socioeconomic status (NSES) is related to its
insured health care costs. We found that there is a socioeconomic gradient in these health care
costs. More specifically, relatively high potential reductions could be found in the
pharmaceutical and mental health care costs. Taking into account differences in population
structure, health care costs in the most deprived quintile of neighborhoods have around 20%
higher costs those in the most affluent quintile. Also, within similar NSES categories, large cost
differences between neighborhoods were observed. Interestingly, neighborhood socioeconomic
differences seemed to contribute to comparatively large health cost effects for individuals
between 40 and 60 years old. Also, females accounted for a relatively large portion of health care
cost inequalities between the NSES groups, while inequalities within NSES groups were
relatively higher for males. The findings indicate that socioeconomic inequalities seem to be
related to health care costs inequalities. This suggests that improving the socioeconomic
characteristics of neighborhood, especially the most deprived ones, will also reduce the average
health care costs.
In the fourth study (chapter 5) we looked at how lifestyle factors were associated with
differences in average health care costs at the neighborhood level. We found that, again
accounting for demographical differences, neighborhoods with a one percentage point higher
portion of sport club members had, on average, €25 lower annual health care costs per person.
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Neighborhoods with a one percentage point higher portion of the adult population complying
with the physical activity guidelines had on average €14 less health care costs per person. Sport
club membership (but not physical activity) seems to have a complementary effect to the impact
of socioeconomic status in explaining variations between neighborhoods in health care costs.
Our findings suggest that policies aiming at increasing the number of sport club members would
be beneficial in reducing health care costs for all neighborhood socioeconomic levels, while
increasing the percentage of individuals complying with the physical activity guidelines may only
be effective in low socioeconomic status neighborhoods.
The final study (chapter 6) investigated the effects of the Covid-19 pandemic on
socioeconomic differences in physical activity behavior in 2020. The outcomes show that,
because of the pandemic and the measures to contain the virus, the gap between low and high
SES groups in doing moderate to vigorous physical activity (MVPA) widened significantly. Low
SES groups were much more likely to decrease MVPA and less likely to increase MVPA during
the Covid-19 crisis, compared with higher SES groups. These findings were persistent over a long
period, and, alarmingly, included a period when many Covid-19 containing measures that
harmed physical activity and sport opportunities, were lifted. Our findings could imply that, even
when the Covid-19 crisis is over, it may be unlikely that pre-Covid-19 physical activity levels will
be matched, especially for low-SES groups. With physical activity levels already critically low
before the Covid-19 crisis, there is an increased urgency for public health policies to increase
efforts to stimulate physical activity and – with the forementioned research outcomes in mind –
sport participation, with a focus on the low SES groups. The Covid-19 crisis may not only
coincide with, but also intensify, an ongoing social and public health crisis of physical inactivity.

7.2 Conclusions
It this thesis we have tried to provide some new scientific insights around the central research
question of this thesis: what is the relationship between sport participation and physical activity
on the one hand and health and health care costs and their inequalities on the other? From this
thesis we can draw no hard conclusions, because we were not able to establish causal relations
and our research is far from complete. But from our research we can draw the following
conclusions. Sport participation, just like physical activity in general, is positively related to
several important health outcomes, including mortality, T2DM, prediabetes and obesity. Going
from no participation to any participation in sport seems to be the most important step for
improving health, more than increasing the amount or intensity of doing sport. This is
remarkable, since economic theory (Cawley, 2004) and empirical evidence (e.g. Humphreys and
Ruseski, 2006) show that with increasing income the odds of participating in sport or physical
activities increase, but the time spend doing this decreases (as a result of increased opportunity
costs). Our research indicates that, in order to improve health, the first decision (whether or not
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to participate) is much more important that the second (the amount). Practicing sport seems,
together with cycling, to be more beneficial for health than other types of leisure time physical
activities, although the effectiveness of sport as ‘preventive medicine’ may be higher for persons
on a healthy weight than for obese individuals. Differences in sport participation seem to explain
the socioeconomic inequalities in health outcomes to a substantial extent, and much more so
than differences in physical activity in general. Similarly, a higher level of voluntary sport club
membership seems, at the neighborhood level, to be strongly related to lower health care costs.
This relationship appears to be independent from a neighborhood’s socioeconomic status.
Compliance with the physical activity guidelines seems to be somewhat less strongly related to
health care costs, than sport club membership. Increasing this compliance will most likely have
the most effect on lowering health care costs in the most deprived neighborhoods. However, in
2020, the Covid-19 pandemic has hit the physical activity levels of especially the lower income
and education groups, alarmingly widening the already large existing socioeconomic disparities
in physical activity. This emphasizes the importance and urgency to improve public health policy
efforts to increase sport participation, especially among the low socioeconomic groups. Our
research indicates that this may not only improve the population’s health, but also decrease
health care costs.

7.3 Policy implications
From the five studies we presented, some important conclusions can be drawn that should have
implications for public health policies and those involved.
First of all, our research shows that physical activity and sport participation are related,
but distinctly different entities, as they have different relationships with health outcomes and
health care costs. Much more than physical activity, sport participation seems to explain health
differences between the affluent and deprived parts of the (Dutch) population. Also, in order to
reduce health care costs, increasing sport participation, more specifically voluntary sport club
memberships, may be more effective than increasing the compliance with physical activity
guidelines. Public health policies aimed at improving health and reducing health care costs
should pay much more attention toward the possibilities to increase sport participation and
sport club memberships, for instance by removing or diminishing (financial) barriers to
participate in sport activities for low-income groups. In addition, policy makers, but also
researchers and the media, should become more aware of these differences, and be very careful
to use the terms ‘physical activity’ and ‘sport participation’ interchangeably.
Secondly, our findings show that there is a strong socioeconomic gradient in both health
and health care costs and that lifestyle factors play an important role in explaining those
differences. This demonstrates that policies aimed at improving public health and containing
health care costs should become a more integral part of socioeconomic policies, and vice versa.
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This matters not only at the national level, but also at the regional and local level. Effective public
health and sport policy strategies need to take into account not only a population’s
demographics, but also their socioeconomic structure, its (lifestyle) behaviors and health status.
Apart from financial means, potential barriers for low-SES groups to engage in sport and
physical activities include time-constraints, the accessibility of facilities, the availability of an
activity friendly local environment, neighborhood safety, (health-related) sport-devices and a
lack of social contacts with whom to participate in sport or physical activities (Kamphuis et al.,
2007). Removing these barriers, improving social conditions and decreasing socioeconomic
inequalities is not an easy, short-term targets, but the potential rewards in terms of improving
health and lowering health care cost, as well as other societal benefits, could be enormous. To
achieve this, health in general, and lifestyle in particular, need to become much more important
and visible government objectives. For this it would be advisable to give – similar to economic
parameters - public health parameters, such as life expectancy and healthy life years as well as
health inequality much more political weight.
Thirdly, within public health policies, health prevention, including improving sport and
physical activity participation, should be given more attention. While much media attention and
political debate was (rightly so) focused on the health effects of Covid-19 pandemic, much less
attention was paid to the potential negative health effects of the measures to contain the
pandemic. According to Wouterse et al. (2021) the Covid-19 related excess mortality was around
16.000 deaths in the Netherlands in 2020, corresponding to around 90.000 life years.
Simultaneously, the (net) change in physical activity behavior in 2020, associated with the
Covid-19 pandemic and the measures to contain it, were estimated to have resulted in a loss of
46.000 healthy life years in 2020 (Schoemaker & De Boer, 2021). In addition, our research
shows that, the socioeconomic inequalities in physical activity increased considerably in the
same period. Moreover, this could have a lasting effect, even when Covid-19 is contained. Given
that, before the pandemic, not even half of the Dutch population complied with physical activity
guidelines and internationally, physical inactivity was considered a ‘pandemic’ of its own (WHO,
2019). The urgency to act to increase sport and physical activity behavior, especially among the
low income and low educated groups, has perhaps never been as high as now. We believe that
our research highlights the importance to drastically increase efforts to improve the standards
of a healthy lifestyle, and in particular sport participation within the group with a low
socioeconomic status, as a ‘preventive medicine’ for the health and well-being of many
individuals as well as society as a whole. Naturally, new sport and physical activity policies and
interventions should be implemented with care and be evaluated for its efficiency and long-term
cost-effectiveness (Postma et al., 2011).
Fourthly, our studies suggest that sport participation, more than physical activity, may
be able to reduce socioeconomic inequalities in health. Increasing sport participation, especially
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among low income and low educated groups, should therefore be a major public health objective.
How this can be achieved is a very difficult question to answer. As the Covid-19 pandemic
demonstrates, it may be much easier for an individual to forfeit their physical activities than to
start to participate in sport or increase the amount of physical activity, especially for individuals
that are less affluent. As good habits are easier adopted at a young age, it seems wise for public
sport and health policies to focus on improving sport participation among individuals with a
background of low socioeconomic status. An obvious starting point would then be to intervene
at primary schools, because for children it is often relatively easy to adopt new habits, such as an
active lifestyle. At schools there is a more or less equal playing field for each child and where,
preferably guided by physical activity professionals, it can discover which sport attracts and suits
them (Eime et al., 2013). For practicing sport to become the habit that can be enjoyed for a
lifetime, this interest must then be retained and embedded in a fixed and safe social
environment, such as a local voluntary sport club.
Fifthly, our research indicates that sport participation may simultaneously improve a
population’s health and reduce the health care costs for society. Both are very important
government objectives. However, public health specialists are still debating what the effects of
increasing sport participation will be in the long run (RIVM, 2020; Polder et al, 2012). From our
research it is not possible to estimate to what extent the benefits of lower annual health care
costs related to, for example an increase in sport participation, may be offset by possible
increased health care costs related to an increase in life expectancy. It would be interesting for
future research to estimate the shape of the relationship between health (outcomes) and health
care costs. This marginal effect is bound to depend on many different factors, including
socioeconomic status. However, although the debate and research on the total health care cost
effects of an increase in sport participation (or any other lifestyle improvement) is important, it
should not cloud some of the major finding of our studies. The bottom line is that sport
participation is likely to decrease the average annual health care costs (i.e. the costs of health per
unit) as well as to improve health, which, on its own, can lead to many other benefits, both
personal and societal.

7.4 Finally
Keynes famously wrote: ‘in the long run, we are all dead’ (Keynes, 1923). From the evidence in
this thesis, it seems that participating in sport may extend, as well as improve, the short run in
which we are alive.
It is our challenge as human beings to use and improve the possibilities of sport participation as
a means to improve ‘the good life’, that, according to Keynes, should be purpose of any
individual, but especially for the those that have the worst odds. Although, in the Netherlands,
the standard of living is high and income inequalities are relatively modest, there are very large
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differences in health and life expectancy that are related to socioeconomic inequalities. In the
light of an inactivity and obesity ‘pandemic’, that is most likely aggravated by the outbreak of the
Covid-19 virus, there is an urgency for public health policies to improve the efforts to promote a
healthy lifestyle, especially for lower educated and income groups. Our research indicates that
sport participation may be an important preventive medicine for improving health, reducing
socioeconomic health inequalities as well as lowering health care costs. Or, as Keynes may have
agreed, participating in sport can be an important ingredient to enjoy, improve and prolong ‘the
good life’ for all.
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Dutch summary
Nederlandse samenvatting
Het uitgangspunt van dit proefschrift is de wetenschap dat de kans op een lang en gezond leven
sterk samenhangt met iemands opleidings- of inkomensniveau. Daarnaast is ook deelname aan
sport en bewegen gerelateerd aan iemands sociaaleconomische status (SES). Tot voor kort was
er relatief weinig bekend over de rol van sportparticipatie, als specifiek onderdeel van bewegen
in het algemeen, in relatie met gezondheid en zorgkosten en de ongelijke verdeling daarvan. Het
doel van dit proefschrift is om een beter begrip te krijgen van de relatie tussen sportdeelname
enerzijds en gezondheid en zorgkosten en de ongelijkheden daarin anderzijds.
In de eerste studie (hoofdstuk 2) vonden we, aan de hand gegevens uit de Lifelines
cohortstudie in Noord-Nederland, dat sportdeelname positief gerelateerd is aan lagere risico's
op vroege sterfte, diabetes type 2 en obesitas, ten opzichte van het niet deelnemen aan sport. We
vonden echter geen bewijs voor extra gezondheidseffecten van meer, of intensiever sporten, of
meerdere sporten beoefenen. Voor fitness bleken de gezondheidseffecten minder groot dan voor
andere typen sporten en in het bijzonder teamsporten. Ons onderzoek toonde ook aan dat
verschillen in gezondheidsuitkomsten gedeeltelijk kunnen worden toegeschreven aan
sociaaleconomische verschillen en daarmee samenhangende ongelijkheid in sportdeelname. De
invloed van sportdeelname op sociaaleconomische gezondheidsverschillen lijkt veel groter te
zijn dan die van (matig tot intensief) bewegen in het algemeen. De relatie tussen sportdeelname
en

de

gezondheidsuitkomsten

verschilde

niet

significant

tussen

verschillende

sociaaleconomische groepen (naar opleiding of inkomen). Deze resultaten duiden er op dat de
mate waarin groepen deelnemen aan sport een belangrijke oorzaak lijkt te zijn van
sociaaleconomische gezondheidsverschillen. Om de sociaaleconomische verschillen op het
gebied van gezondheid te verkleinen, zou gezondheidsbeleid zich daarom moeten richten op het
vergroten van de sportdeelname onder lage SES-groepen, en minder op het beweeggedrag of het
verhogen van de hoeveelheid sport onder de personen die al sporten.
In de tweede studie (hoofdstuk 3) werd de populatie opgedeeld op basis van hun
gezondheidsstatus, in de vorm van drie BMI (body mass index, het relatieve gewicht ten opzichte
van de lengte van een persoon) niveaus: gezond gewicht, overgewicht en obesitas. We ontdekten
dat sportdeelname gerelateerd was aan een verbeterde levensverwachting en een verminderd
risico op diabetes type 2 en prediabetes. Sportdeelname hangt positief samen met een hogere
levensverwachting en een lager risico op prediabetes, maar dit verband was significant groter
voor personen met een gezond gewicht, ten opzichte van personen met obesitas. Deze
bevindingen duiden er op dat sportdeelname als ‘preventief medicijn’, mogelijk het meeste effect
heeft voor personen met een gezond gewicht. Daarnaast laat het onderzoek zien dat sporten in
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veel gevallen gepaard gaat met lagere gezondheidsrisico’s in vergelijking met andere vormen van
beweging in de vrije tijd, zoals wandelen, tuinieren en klussen. Deze uitkomsten suggereren dat
het wenselijk is om bij sportadviezen meer rekening te houden met iemands gezondheidsstatus.
Vervolgens hebben we de aandacht verlegd naar sociaaleconomische verschillen in
zorgkosten en de relatie met sport en bewegen. In de derde studie (hoofdstuk 4) hebben we
onderzocht in hoeverre in Nederland de sociaaleconomische status (SES) van een wijk
samenhangt met de zorgkosten die onder de zorgverzekeringswet vallen. We vonden dat de
zorgkosten gemiddeld substantieel toenemen als de SES daalt. Vooral voor farmacie en
geestelijke gezondheidszorg zouden hoge potentiële kostenreducties gerealiseerd kunnen
worden als de verschillen in SES tussen wijken afnemen. Rekening houdend met verschillen in
bevolkingsopbouw, zijn zorgkosten in de 20% meest achtergestelde wijken ongeveer 20% hoger
dan die in de meest welvarende kwintiel. Maar binnen groepen van wijken met een vergelijkbare
SES worden grote kostenverschillen waargenomen. Opmerkelijk is verder dat de
sociaaleconomische verschillen tussen wijken het meest lijken samen te hangen met verschillen
in zorgkosten voor personen tussen de 40 en 60 jaar oud. Ook waren vrouwen verantwoordelijk
voor een relatief groot deel van de ongelijkheid in de zorgkosten tussen groepen wijken met
verschillende sociaaleconomische status, terwijl de mannen meer verantwoordelijk zijn voor
ongelijkheid binnen die groepen. Deze resultaten geven aan dat sociaaleconomische
ongelijkheden verband lijken te houden met ongelijkheden in de zorgkosten. Dit suggereert dat
het verbeteren van de sociaaleconomische kenmerken van de wijken, met name de meest
achtergestelde wijken, de gemiddelde zorgkosten kan verlagen.
In het volgende onderzoek (hoofdstuk 5) hebben we gekeken naar hoe leefstijlfactoren
samenhangen met de verschillen in gemiddelde zorgkosten op wijkniveau. We vonden dat, weer
rekening houdend met demografische verschillen, wijken met een 1%-punt hoger aandeel
sportclubleden gemiddeld jaarlijks per persoon €25 lagere zorgkosten hadden. Wijken waarbij
van de volwassen bevolking

1%-punt meer voldoet aan de beweegrichtlijnen, dan een

vergelijkbare wijk, hebben jaarlijks €14 lagere zorgkosten per persoon. Voor lidmaatschap van
sportclubs (maar niet voor het voldoen aan de beweegrichtlijnen) lijkt het effect complementair
te zijn aan het effect van de sociaaleconomische status op het verklaren van de ongelijkheid in
zorgkosten tussen wijken. De uitkomsten van het onderzoek wijzen er op dat beleid dat gericht
is op het vergroten van het aantal sportclubleden gunstig zou zijn voor het verlagen van
zorgkosten, ongeacht het sociaaleconomische niveaus van een wijk. Daarnaast lijkt een toename
van het percentage personen dat voldoet aan de beweegrichtlijnen voornamelijk effectief te zijn
in wijken met een lage sociaaleconomische status.
In de laatste studie (hoofdstuk 6) onderzochten we de effecten van de Covid-19pandemie op sociaaleconomische verschillen in beweeggedrag in 2020. De uitkomsten laten zien
dat door de pandemie en de maatregelen om de verspreiding van het virus tegen te gaan, de
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verschillen in beweeggedrag tussen lage en hoge SES-groepen aanzienlijk zijn toegenomen.
Personen met een laag inkomen of opleidingsniveau hadden een veel grotere kans om minder te
gaan bewegen dan personen met een hoog inkomen of die hoog waren opgeleid. Omgekeerd
hadden personen uit een lage SES-groep een kleinere kans om meer te gaan bewegen dan
personen uit een hoge SES-categorie. Deze uitkomsten golden voor een lange periode,
waaronder, zorgwekkend genoeg, ook de tijd waarin veel bewegingsbeperkende maatregelen
waren opgeheven. Onze bevindingen impliceren dat, zelfs wanneer de Covid-19-crisis voorbij is,
het onwaarschijnlijk is dat het beweegniveau van vóór Covid-19 snel weer zal worden bereikt.
Dit geldt vooral voor groepen met een lage SES. Omdat het doen van fysiek activiteiten al op een
kritisch laag niveau lag vóór de Covid-19-crisis, is er een verhoogde urgentie om de (beleids)inspanningen voor bewegen te vergroten en - met de eerdergenoemde onderzoeksresultaten in
het achterhoofd – ook sportdeelname aan te moedigen, waarbij de focus op de lage SES-groepen
zou moeten liggen. Anders zou de Covid-19-crisis niet alleen samenvallen met een aanhoudende
gezondheidscrisis van lichamelijke inactiviteit, maar die ook verergeren.
Hoewel in Nederland de levensstandaard hoog is en de inkomensverschillen relatief
bescheiden zijn, zijn er zeer grote verschillen in gezondheid en levensverwachting die
samenhangen met sociaaleconomische ongelijkheden. In het licht van een 'pandemie' van
inactiviteit en overgewicht, die hoogstwaarschijnlijk wordt verergerd door de Covid-19-crisis, is
er een dringende noodzaak voor het volksgezondheidsbeleid om de inspanningen voor het
bevorderen van een gezonde levensstijl te bevorderen, met name voor lager opgeleiden en
inkomensgroepen. Ons onderzoek geeft aan dat sportparticipatie een belangrijk preventief
medicijn kan zijn voor het verbeteren van de gezondheid, het verminderen van
sociaaleconomische gezondheidsverschillen en het verlagen van de kosten van de
gezondheidszorg.
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It is important to get a better understanding of
the relationship between sport participation on
the one hand and health and health care costs
on the other. For that purpose, the research
in this thesis shows that sport participation is
positively associated to significantly lower risks
of morbidity, type 2 diabetes, prediabetes and
obesity. However, the relationship between sport
participation and health differs between groups.
For several health outcomes, the positive effects
of sport participation are significantly greater
for people with a healthy weight than for obese
persons. Another finding is that socioeconomic
inequalities in sports participation (with the most
vulnerable groups participating the least) seem
contribute considerably, and much more than
physical activity, to the socioeconomic inequalities
in health outcomes. The research also shows that
there exists a strong socioeconomic gradient in
health care costs in the Netherlands: controlling
for the population structure, poor neighborhoods
have substantially higher costs than affluent
neighborhoods. In addition, neighborhoods with a
higher percentage of voluntary sports club members
have significantly lower average health care costs.
This relationship seems to be independent of the
socioeconomic level of a neighborhood. Finally, the
research shows that the socioeconomic inequalities
in physical activity behavior have increased
significantly in the Netherlands due to the Covid-19
pandemic and the measures to prevent the spread
of the virus. In conclusion, the research in this
thesis demonstrates that sports participation can
be an important preventive medicine for improving
health, reducing socioeconomic health inequalities,
as well as lowering health care costs.

