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Does sports activity improve health? Representative evidence using local
density of sports facilities as an instrument
Marc Brechota, Stephan Nüeschb and Egon Francka

aUniversity of Zurich, Zürich, Switzerland; bUniversity of Münster, Münster, Germany

ABSTRACT
Using representative and geocoded data from the Swiss Household Panel and the Swiss Business
Census, we estimate the effect of sports activity on health. OLS models show that sports activity
significantly decreases overweight, sleeping problems, headaches, back problems, and perceived
health impediments in everyday activities and significantly increases health satisfaction. Because
sports activity is likely to be misreported and correlated with unobserved determinants of health,
we use the number of sports facilities within 6 miles of the individual’s residence as an instru-
ment for sports activity. Although the instrument is powerful in explaining sports activity, the
second-stage effects on health are mostly statistically insignificant due to the high SEs of the IV
estimates.
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I. Introduction

Physical inactivity is widely acknowledged as a glo-
bal health problem in the twenty-first century. The
proportion of inactive people is rising in many coun-
tries, creating risks for individual health, health care
utilization and ultimately public health care costs
(World Health Organization 2010). Therefore, exer-
cise and intervention programmes that target an
increase of individual physical activity are a recur-
ring theme on the agenda of policy makers around
the world (Heath et al. 2012). Such programmes are
supported by a rich body of cross-sectional epide-
miological research that shows a positive correlation
between physical inactivity and a wide variety of
detrimental health outcomes such as obesity, hyper-
tension, osteoporosis, osteoarthritis, diabetes melli-
tus, colon and breast cancer, depression (Warburton,
Nicol, and Bredin 2006; Katzmarzyk and Janssen
2004) and the use of health care services from phy-
sicians and hospitals (Sari 2009; Manning et al. 1991;
Katzmarzyk, Gledhill, and Shephard 2000).

However, because sports activity is an endogen-
ous, and in most data sets also a self-reported, choice
variable, evidence from such correlational studies
cannot be given a causal interpretation for three
reasons: First, an individual’s probability of doing

sports likely correlates with unobserved health deter-
minants such as a person’s healthy or unhealthy
lifestyle, for example, their nutrition, sleeping beha-
viour or personal hygiene. A healthy lifestyle tends
to be positively correlated with sports activity and
negatively correlated with health issues. Second, cor-
relational studies do not identify the direction of
causality. There may be negative correlation between
headaches and sports activity because people with
severe headaches do not participate in sports rather
than vice versa. Third, self-reported sports activity
information likely suffers from misreporting
(Ferrari, Friedenreich, and Matthews 2007), which
biases the correlational estimates towards zero
(Wooldridge 2002).

Randomized control trials can solve these issues
by assigning individuals to either a treatment group
with an intervention programme or a control group.
Field experiments on physical activity and health-
related outcomes have been conducted with Texaco
employees (Baun, Bemacki, and Tsai 1986), employ-
ees of insurance companies (Shephard 1992), Bank
of America retirees (Leigh et al. 1992) and Johnson
and Johnson employees (Ozminkowski et al. 2002).
But because samples in these studies are small and
derived from very specific settings, results from these
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experimental studies cannot be generalized to the
rest of the population (Sari 2009).

In this study, we use nationally representative
survey data to provide evidence with high external
validity. The common issues of correlational studies
are addressed by using an instrumental variable
approach. More specifically, we employ geographic
coordinates of individual home addresses and units
of sports facilities and use the local density of sports
facilities to predict individual sports activity. The
reason behind this strategy is that living close to
sports facilities implies easier access to sports infra-
structure (Huang and Humphreys 2012) and reduces
the ‘costs’ of doing sports. Both monetary costs (in
terms of transportation costs) and time costs (for
travelling) indicate a positive relation between short
distances to sports facilities and sports activity (Felfe,
Lechner, and Steinmayr 2011).

Indeed, we find that our instrument has high
power in predicting individual sports activity. After
controlling for neighbourhood effects (such as aver-
age community-level income and age) that may
influence residential sorting and health, the local
density of sports facilities is likely to be uncorrelated
to unobservable factors affecting individual health
(exclusion restriction). Our identification strategy is
related to the work of Huang and Humphreys (2012)
and Ruseski et al. (2014), who use proximity to
sports facilities to identify the effect of sports activity
on happiness, and Bowblis and McHone (2013) and
Grabowski et al. (2013), who use proximity to nur-
sing homes with different ownership to test the
influence of nursing ownership on care quality. We
are the first to use the density of sports facilities as
an instrument in the context of the influence of
sports activity on health.

Few studies (Humphreys, McLeod, and Ruseski
2014; Sarma et al. 2014, 2015) address the endo-
geneity of sports activity when testing the influence
of sports activity on health. Sarma et al. (2014) use
longitudinal data and fixed-effect models to con-
trol for unobserved heterogeneity in the relation-
ship between sports activity and health such as
genetic predispositions. However, fixed-effect mod-
elling only accounts for time-constant heterogene-
ity and does not control for unobserved time-
varying confounders such as opportunity cost of
time. Sarma et al. (2015) use average local tem-
peratures surrounding the respondent´s interview

month as an instrument for sports activity to iden-
tify the causal effect of sports activity on health in
Canada. While the first-stage effects of temperature
on sports activity are plausible and strong, the
instrument’s validity is questionable due to poten-
tial direct effect of temperature on health
(Greenough et al. 2001).

Humphreys, McLeod, and Ruseski (2014) use an
individual’s ‘sense of belonging’ to the local commu-
nity as an instrument to examine the link between
sports activity and health. While their instrument is
a self-reported variable about an individual’s percep-
tion, our instrument is based on geocoded data from
a mandatory and written business census. This also
provides a solution to the errors-in-variables pro-
blem and the resulting attenuation bias. Moreover,
because the sports facilities in our data set are mostly
publicly funded by the community, we control for
socio-economic variables at the community level.
Once controlling for factors such as community-
level average income, the influence of individual
sports activity on the supply of sports facilities is
small. Thus, our instrumental variable (IV) approach
also addresses potential issues of reverse causation.

The remainder of this article is structured as
follows: In Section II, we outline our data and the
empirical strategy; in Section III, we present the
results, and Section IV concludes.

II. Data and empirical strategy

In this section we first describe our data sources,
then discuss the dependent and independent vari-
ables that we investigate in our analysis and finally
present and discuss our instrumental variable.

Description of data sources

The data on sports activity, health and socio-eco-
nomic characteristics were taken from the Swiss
Household Panel (SHP). A key advantage of SHP is
that the sample includes a stratified random sample
of households representing the resident population
of Switzerland. Originally, the randomization of the
sample was constructed under the guidance of the
Swiss Federal Statistical Office based on the major
statistical regions in Switzerland (for detailed infor-
mation about the sample design, see Voorpostel
et al. (2012)).
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While the SHP is available as an annual panel, we
only use the tenth wave, collected between
September 2008 and February 2009, because for
this wave, we could perfectly match information on
the local density of sports facilities.1 After dropping
a small number of individuals that did not respond
correctly to all of the items of our analysis, the final
sample consists of 6,645 out of the original 6,872
individuals included in the SHP survey.

To construct the local density of sports facilities as
our instrument, we obtained additional data from
the Swiss Business Census. The Business Census is a
mandatory survey of workplaces and businesses in
Switzerland and collects data on businesses’ eco-
nomic activity, the number of persons employed
and their exact geographic location via ‘Swiss grid
coordinates’.2 These coordinates pinpoint the loca-
tion of a sports facility within a few meters of the
building’s midpoint and allow us to draw a very
precise map of the geographic distribution of sports
facilities in Switzerland. Sports facilities include
indoor and outdoor facilities, for example, football
grounds, athletics grounds, swimming pools, golf
courses and so on. For our analysis, we use the
2008 data from the Swiss Business Census.

In the standard version of SHP, the most accurate
geographic information on an individual’s home loca-
tion is the canton of residence. However, to obtain an
accurate link between SHP individuals and sports facil-
ities, we neededmore detailed geographic information.
We gratefully acknowledge SHP’s provision of exact
home addresses for each individual in the data set, after
we signed a special confidentiality agreement. The
provided home addresses included information on
the community, zip code, street name and street
number.3 We used the public webpage http://tools.
retorte.ch/map/to transform this address data into
‘Swiss grid coordinates’. Using these home address
coordinates, we are able to pinpoint linear distances
between the residence of an individual and all sports

facilities obtained from the Swiss Business Census with
a precision of a few meters.

Health measures

Regarding the health information, we are restricted to
the information the SHP survey offers. Following the
questions included in the SHP survey, we consider five
specific indicators for health problems. Most notably,
we include a discrete indicator for overweight, which
has been argued to be both a consequence of physical
inactivity due to a disrupted energy balance
(Katzmarzyk and Janssen 2004) and a risk factor for
chronic health problems (Dixon 2010) and health care
utilization (Cawley andMeyerhoefer 2012). To identify
overweight individuals, we converted height and
weight data into a discrete measure of overweight via
WHO Body Mass Index guidelines (World Health
Organization 2000). Other specific indicators available
from the SHP survey include regular suffering from
sleeping problems, headaches, back problems and
weariness. They were obtained from questions of the
type: ‘During the last 4 weeks, have you suffered from
one of the following disorders or health problems?’
While respondents were allowed to choose between
three categories (not at all, somewhat, very much), we
used a binary yes/no coding that only treats serious
incidences (i.e. very much) as a specific health
problem.

The SHP survey also includes twomeasures concern-
ing the perceived overall health status of a person: health
satisfaction and health impediments in everyday activ-
ities. Both variables are measured on an 11-point Likert
scale.

Sports activity measure

To identify individual sports activity, we draw on an
SHP question from the leisure time section.
Respondents were asked: ‘How frequently do you

1While data on individual sports activity are available for the years 1999, 2001, 2005, 2008, 2010 and 2013, data on sports facilities are available for the years
1998, 2001, 2005, 2008 and 2011. Except in the year 2008, information of the two data sources do not cover the same year. Thus, the only way to use the
panel structure of the data is to interpolate the values of sports activity and sports facilities. When doing so, the variation of the number of sports facilities
over time is too low to have any statistical power in the first-stage regression (see Table A1 in the Appendix). Thus, an IV-panel model with individual fixed
effects is not feasible in our context.

2Participation in the survey is compulsory for all targeted workplaces and businesses. However, there is a minimum of 20 h of weekly work for a business
unit to be targeted by the survey. Therefore, the data do not include very small sports facilities that do not employ at least one person with an
engagement of 50% or more.

3SHP was not able to provide the complete address for 40 individuals (either no street name was provided or the provided street name was not identifiable).
In these cases, we were not able to obtain exact ‘Swiss grid coordinates’. Hence, we were not able to match these individuals with the sports infrastructure
data and were forced to exclude them from our sample.
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practice an individual or team sport (e.g. fitness,
jogging, football, volley ball, tennis)?’ Respondents
were free to provide any description of their sports
activity level but interviewers were directed to help
respondents provide a reasonable answer if neces-
sary. Afterwards, interviewers had to assign the
responses to five different levels of sports activity:
every day, at least once a week, at least once a
month, less than once a month, never. Large propor-
tions of the respondents reported doing sports activ-
ities at least once a week (58.2%) or not at all
(25.3%). Each of the other three categories contained
only a small proportion of the respondents: 7.0%
reported daily sports activity, and 9.6% reported
some occasional sports activity but not every week
(at least once a month: 7.2%; less than once a
month: 2.4%).

To allow for a straightforward interpretation of
the results, we aggregate the different categories into
a discrete measure of sports activity ‘at least once a
week’, equalling 1 for individuals who reported to do
sports ‘every day’ or ‘at least once a week’ and 0 for
individuals who reported to do sports ‘at least once a
month’, ‘less than once a month’ or ‘never’.4

Instrumental variable: local density of sports
facilities

We use the local density of sports facilities as an instru-
ment for sports activity. From the sports management
literature, we know that not only individual variables
such as age, gender or income influence sports activity
but also infrastructure variables such as the availability
of sports facilities and/or park areas (Wicker, Breuer,
and Pawlowski 2009; Hallmann et al. 2012; Wicker,
Hallmann, and Breuer 2013).

A key issue in the construction of the instrument is
to identify an appropriate radius up to which sports
facilities potentially affect a person’s sport activity. We
use the number of sports facilities within a radius of
6 miles as an instrument in the main specification
because the use of 6 miles as a distance boundary had
one of the highest explanatory powers in the first-stage
regression (see Table A3 in the Appendix) and is also

consistent with an empirical finding by Pawlowski
et al. (2009) that people are on average willing to
spend amaximum of 28min to travel to sport facilities.
However, the F-test of instrument exclusion is above
the threshold level of 10 (Staiger and Stock 1997) for all
radii between 5 and 10 miles. Moreover, our results are
widely robust to the use of alternative distance bound-
aries to construct the instrument (see Table A4 in the
Appendix).5

To be valid, IV regressions require that an instrument
has to be both powerful in predicting the endogenous
variable and uncorrelated with the error term in the
second-stage regression (Stock and Watson 2003;
Murray 2006). If the local density of sports facilities
was randomly assigned, we could just predict sports
activity using the density of sports facilities and then
relate the predicted values to health. But it is very reason-
able to believe that individuals self-select into locations
based on individual preferences and neighbourhood
characteristics that might correlate with the local density
of sports facilities and individual health. For example,
affluent people are likely to self-select into affluent
neighbourhoods whose communities have sufficient
finances to build sports facilities. If individual wealth is
also correlated with health, this will bias our results.

Therefore, we control for both neighbourhood
and individual characteristics in our estimations.
Neighbourhood characteristics include the average
income, squared average income, the Gini coefficient
of income in the community, average age, squared
average age and the SD of age in the community.
Average community-level income is a good proxy of
the financial power of a community, which is posi-
tively related to the number of public sports facil-
ities. Average age and SD of age characterize the
population structure in a community. The squared
terms of average income and average age are
included to test for potential non-linearity of the
effects. The community-level variables are obtained
from the Swiss Federal Statistical Office.

Because doctor density is often positively corre-
lated with health care utilization (McGuire 2000)
and may also influence perceived health, we control
for the doctor density within 6 miles of residence.

4The dichotomization avoids any functional form assumptions for different subgroup effects (Lechner 2009). Table A2 in the Appendix of this article shows
that our results are unaffected by alternative definitions of ‘active’ versus ‘inactive’ individuals.

5The only findings that are not consistent for all boundaries between 4 and 8 miles are the effects of sports activity on overweight and sleeping problems.
While the coefficients remain negative throughout all specifications, the effects become more significant for the 4- and 5-mile boundaries and insignificant
for the 7- and 8-mile boundaries.
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Because urban areas with a high population density
naturally provide a higher number of sports facil-
ities, but may be less attractive for other reasons (e.g.
noise pollution), we also control for the population
density within 6 miles of residence.6 Here again we
also include the squared term to control for potential
non-linearity.

To account for time-constant regional heterogeneity,
we include two groups of regional fixed effects. First, we
include dummies for each community typology follow-
ing the official SHP categorization (e.g. centres, subur-
ban, preurban, touristic, industrial, rural, agricultural).
Second, we include dummies for the language regions.
Switzerland has three main languages: German (spoken
in the north and the centre of Switzerland), French
(spoken in the west of Switzerland) and Italian (spoken
in the south of Switzerland). The different language
areas in Switzerland come along with substantial differ-
ences in political and social attitudes (Eugster et al. 2011)
and labour market outcomes (Eugster et al. forthcom-
ing) and sports activity (Stamm and Lamprecht 2011).7

In addition to the neighbourhood controls, we
also include demographic and socio-economic con-
trol variables that may reflect individual character-
istics that have often been used in studies on
residential choice and in studies on health-related
outcomes (Winkelmann 2004; Sari 2009; Lee and
Waddell 2010; Kim, Pagliara, and Preston 2005).
Individual characteristics include age, sex, marital
status, education, work status, household earnings8

and household with children. Because Huang and
Humphreys (2012) and Farrell and Shields (2002)
show that the effects of age on sports activity are
non-linear, we also include the squared terms of age.

III. Results

Summary statistics

Descriptive statistics for all our variables are shown
in Table 1. While 35.7% of the individuals are over-
weight, each of the other four health issues (sleeping

problems, headaches, back problems and weariness)
is reported to afflict between 8% and 10% of indivi-
duals. The average satisfaction with the health status
is 7.9 and the average perceived health impediment
in everyday activities is 1.9 on an 11-point Likert
scale. Thus, the Swiss population is generally satis-
fied with its health status. The proportion of indivi-
duals in our sample who do sports at least once a
week is 65.2%, lower than the 76.5% of people found
to be ‘physically active’ in a US sample (Huang and
Humphreys 2012), but higher than the around 50%
of people found to be ‘physically active’ in Canadian
studies (Sari 2009; Humphreys, McLeod, and
Ruseski 2014).

Our instrument (number of sports facilities
within 6 miles) has a mean value of 23.4. This
indicates that individuals in our sample have on
average around 23 sports facilities within 6 miles of
their place of residence. The measure has substantial
variation as the number of sports facilities ranges
from 0 to 106 with a SD of 23.4.

The average community-level household income is
79,086 Swiss Francs (approximately US$76,000 at that
time). The community-level Gini coefficient of
income is 35.1%. The average community-level age
is 40.8 and the community-level SD of age is 22.5.
There are 222 doctors within a radius of 6 miles on
average. The population density within a radius of
6 miles is 178,135 on average. Most study subjects live
in centres and suburban communities. 71.7% live in
the German-speaking area, 25.6% in the French-
speaking area and 2.7% in the Italian-speaking area.

The average age in the sample is 46.2 years.9 A little
under half the sample is male (44.3%) and a little over
half the sample ismarried (53.8%). Individual education
splits into five categories with shares between 10% and
36%. The high share of apprenticeships (36.5%) reflects
the importance of occupational training in the Swiss
education system.Most of the individuals are employed,
namely 69.2%. 25.6% are not in the labour force and
only 2.7% are unemployed. In terms of household
income, individuals are divided into four income levels

6The data on home-address-specific population density is obtained from the 1990, 2000 and 2010 Swiss Population Census through extrapolation for the year
2008. The Population Census counts all individuals in each and every hectare in Switzerland. We linked this hectare-based population data to the SHP
households via ‘Swiss grid coordinates’. Population density is measured based on the same distance boundary that is used for our density of sports
facilities measure (i.e. 6 miles in the main specification).

7We are thankful to an anonymous referee for suggesting to control for regional fixed effects.
8Unfortunately, 7.9% of the individuals did not provide valid data for household earnings. In order to keep these observations in the sample, we classify
respondents into five different income groups, one of which is ‘unknown’.

9The average age is higher than the community-level average age because the SHP only considers individuals that are at least 14 years old.
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and a non-response group, with most individuals
(32.6%) living in households with an income between
50,000 and 100,000 Swiss Francs (reflecting roughly US
$48,000–US$96,000 based on the currency rate of 2008).
37.2% live in a household with children.

First-stage results

Table 2 shows three specifications of the first-
stage results: the first model predicts individual

sports activity using the number of sports facil-
ities within 6 miles of residence only. The second
model additionally includes neighbourhood con-
trols such as the financial power of the commu-
nity, the age structure of the community and the
population density. The third model also includes
individual demographics and socio-economic
controls.

The number of sports facilities within 6 miles of
residence significantly increases sports activity in

Table 1. Summary statistics.
Variables Mean SD Min. Max.

Health
Overweight 0.357 0.479 0 1
Sleeping problems 0.087 0.281 0 1
Headaches 0.078 0.268 0 1
Back problems 0.103 0.304 0 1
Weariness 0.091 0.288 0 1
Health satisfaction (0–10) 7.884 1.797 0 10
Perceived health impediments in everyday activities 1.876 2.500 0 10

Individual sports activity
Doing sports at least once a week 0.652 0.476 0 1

Instrumental variable
Local density of sports facilities (within 6 miles) 23.42 23.392 0 106

Regional controls
Community-level average income (in thousands) 79.09 22.39 40.05 318.05
Community-level income Gini 0.351 0.061 0.243 0.732
Community-level average age 40.78 1.930 30.69 50.99
Community-level SD of age 22.531 0.693 19.25 25.42
Local doctor density (within 6 miles) 222.17 248.128 0 926
Local population density (within 6 miles) 178,135 154.725 1,046 648.816
Community typology: Centres 0.268 0.443 0 1
Community typology: Suburban 0.305 0.461 0 1
Community typology: Wealthy 0.038 0.192 0 1
Community typology: Periurban 0.114 0.318 0 1
Community typology: Touristic 0.023 0.149 0 1
Community typology: Industrial 0.088 0.284 0 1
Community typology: Rural 0.079 0.270 0 1
Community typology: Agricultural 0.084 0.278 0 1
Country region: German 0.717 0.451 0 1
Country region: French 0.256 0.436 0 1
Country region: Italian 0.027 0.163 0 1

Demographics and socio-economic controls
Age 46.19 18.373 14 96
Male 0.443 0.497 0 1
Married 0.538 0.499 0 1
Education: Compulsory 0.229 0.420 0 1
Education: Apprenticeship 0.365 0.481 0 1
Education: University entrance diploma 0.099 0.299 0 1
Education: Post-apprenticeship diploma 0.161 0.367 0 1
Education: University degree 0.147 0.354 0 1
Work status: Employed 0.692 0.462 0 1
Work status: Unemployed 0.015 0.121 0 1
Work status: Not in labour force 0.294 0.455 0 1
Household income: < 50,001 Swiss Francs 0.110 0.314 0 1
Household income: 50,001–100,000 Swiss Francs 0.326 0.469 0 1
Household income: 100,001–150,000 Swiss Francs 0.279 0.448 0 1
Household income: > 150,000 Swiss Francs 0.206 0.404 0 1
Household income: Unknown 0.079 0.269 0 1
Household with children 0.372 0.483 0 1
Number of households 4,049
Number of individuals 6,645

Data on sports facilities and doctors are drawn from the 2008 Swiss Business Census. Data on population density are
interpolated from the 1990, 2000 and 2010 Swiss Population Census. Community-level average income, income Gini age
and SD of age are from the Swiss Federal Statistical Office. All other variables are directly drawn from the 2008 SHP
survey.
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all three models. However, the estimates and the
power of the instrument substantially change
across the three models. While the number of
sports facilities increase the likelihood of doing
sports at least once a week by 0.06% in Model 1,
the estimated coefficient increases to 0.54% in
Model 2 (only neighbourhood controls) and to
0.53% in Model 3 (neighbourhood and individual
controls). The F-statistic for excluding the number
of sports facilities in the regression is 5.15 in
Model 1, 21.32 in Model 2 and 21.52 in Model 3,
indicating that the F-statistic exceeds the critical
value of 10 suggested by Staiger and Stock (1997)
only when controlling for neighbourhood charac-
teristics. If we do not control for neighbourhood
characteristics, the statistical power of our

instrument is weak and its effect is negatively
biased due to omitted variables. The population
density, for example, is such a confounder because
it correlates positively with the number of sports
facilities and significantly decreases individual
sports activity (see Model 3 in Table 2).

While some of the individual demographic and
socio-economic characteristics significantly affect
sports activity (e.g. gender, educational back-
ground (not shown)), they hardly change the
effect of the instrument when including them in
Model 3. Interestingly, we observe males to be
less active than women in the Swiss context,
whereas an earlier study from England showed
the opposite relationship between gender and
sports activity (Farrell and Shields 2002).

Table 2. First-stage results: probability of an individual to do sports at least once a week.
Variables LPM (M1) LPM (M2) LPM (M3)

Instrumental variable
Local density of sports facilities (within 6 miles) 0.0006** 0.0054*** 0.0053***
– (0.0002) (0.0012) (0.0011)

Neighbourhood controls
Community-level average income (in thousands) – 0.002* 0.002*

(0.001) (0.001)
Squared community-level average income (in thousands) −0.000 −0.000

(0.000) (0.000)
Community-level income Gini −0.236 −0.283

(0.223) (0.245)
Community-level average age – −0.001 −0.026

(0.076) (0.076)
Squared community-level average age 0.000 0.000

(0.001) (0.001)
Community-level SD of age – −0.029** −0.025**

(0.013) (0.012)
Local doctor density (within 6 miles) – 0.0002 0.0002*

(0.0001) (0.0001)
Local population density/1000 (within 6 miles) – −0.001*** −0.001***

(0.0002) (0.0003)
Squared local population density/1000 (within 6 miles) −0.000 −0.000

(0.000) (0.000)
Community typology dummies – Yes Yes
Country region dummies – Yes Yes

Demographics and socio-economic controls
Age – – −0.002

(0.002)
Squared age – – −0.000

(0.000)
Male – – −0.025**

(0.012)
Married – – −0.012

(0.015)
Household with children – – −0.005

(0.014)
Education dummies – – Yes
Work status dummies – – Yes
Household income dummies – – Yes
Observations 6,645 6,645 6,645
F-test of excluded instrument 5.15 21.32 21.52

Models M1, M2 and M3 display OLS estimates with robust SEs in parentheses. The dependent variable is a dummy
variable that takes a value of 1 for individuals that do sports at least once a week and a value of 0 otherwise. All
estimations also include a constant (not reported). Robust SEs are given in parentheses.

*, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.
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Regression results

We estimate the effect of sports activity on health
with two-stage least squares (2SLS) regressions that
use the number of sports facilities within 6 miles as
an instrument and both neighbourhood and indivi-
dual characteristics as control variables.10

Table 3 presents the estimates of the effect of
sports activity on specific health issues such as over-
weight, sleeping problems, headaches, back problems
and weariness in Panel A and on measures of per-
ceived overall health in Panel B. For the purpose of
comparison, column (1) shows the estimated coeffi-
cients of sports activity from non-IV models and
column (2) shows the estimated coefficients of sports
activity using the IV approach.

The results from the non-IVmodels show that sports
activity significantly reduces overweight, sleeping pro-
blems, headaches, back problems, weariness and per-
ceived health impediments in everyday activities and
significantly increases health satisfaction (see Table 3,
column 1). Comparing the non-IV results with the IV
results in column (2), we find that the effects of sports
activity on headaches, back problems, weariness, health

satisfaction and perceived health impediments in every-
day activities are no longer statistically significant due to
the high SEs. The effects of sports activity on overweight
and sleeping problems are higher in magnitude but also
lower in statistical significance in the IV models than in
the non-IV models. The p-values in the IV models are
between 0.1 and 0.2, which can be considered as mar-
ginally significant given that inference is based on two-
sided tests.

Reverse causation provides a plausible explana-
tion for the significantly negative effects in the
non-IV models: people with pre-determined head-
aches, back problems and weariness do not partici-
pate in sports, causing a negative correlation
between sports activity and these specific health
issues, with the direction of causality running from
health issues to sports activity rather than vice versa.

IV. Discussion and conclusion

This article uses a representative sample of the Swiss
population and geocoded data on sports facilities,
sports activity and health to estimate the causal effect

Table 3. Regression results: Effects of sports activity on health.
Non-IV IV
(1) (2)

Panel A: measures of specific health issues (yes/no)
Overweight −0.103*** −0.316†

(0.012) (0.222)
Sleeping problems −0.030*** −0.187†

(0.008) (0.137)
Headaches −0.027*** −0.073

(0.007) (0.130)
Back problems −0.047*** 0.021

(0.008) (0.152)
Weariness −0.061*** 0.076

(0.008) (0.141)
Panel B: measures of perceived overall health (0–10)
Health satisfaction 0.428*** 0.002

(0.048) (0.857)
Perceived health impediments in everyday activities −0.630*** 0.784

(0.067) (1.241)
Observations 6,645 6,645
F-test of excluded instrument – 21.52

Non-IV estimates for sports activity with robust SEs in parentheses are displayed in column (1). 2SLS estimates for sports
activity with robust SEs in parentheses are displayed in column (2). All models control for average local income, squared
average local income, average local income Gini, average local age, squared average local age, local SD of age, local
density of doctors, local population density, squared local population density, local community typology, country
region, age, squared age, gender, marital status, education, work status, household income and household with
children. All estimations also include a constant (not reported).

*, ** and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
†denotes p-values between 0.10 and 0.20.

10As we have binary outcome variables and a binary endogenous variable, the question arises whether discrete choice models or linear probability models
(LPM) should be applied. Angrist (2001) suggests to use LPM whenever the underlying error distribution is unknown as is the case in our models. If the first
and second stages are estimated by non-linear Probit models, the effect of sport activity on overweight becomes statistically significant at the 5% level.
The other results do not change in any significant way (see Table A5 in the Appendix).
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of sports activity on health. Unlike previous correla-
tional studies, this article uses the number of sports
facilities within 6 miles of the individual’s place of
residence as an instrument for sports activity. We
show that the local density of sports facilities is
powerful in explaining individual sports activity
even after controlling for numerous community-
level determinants and individual controls.
Whereas the non-IV models show that sports activ-
ity significantly improves health, the IV results on
health are mostly statistically insignificant due to
high SEs. We only find marginally significant effects
on overweight and sleeping problems. Thus, our IV
results question the idea of providing sports facilities
to encourage sports activity as a means of reducing
health problems. The OLS results are likely to be
negatively biased due to reverse causation.
Individuals with health problems such as back pro-
blems, headaches and weariness tend to reduce
sports activity (rather than vice versa).

Of course, one must always be cautious with
regard to the exogeneity condition of IV models
because it is impossible to prove the null hypothesis
of no correlation between instruments and the
(unobserved) error term in the second stage. We
argue that the exogeneity condition of our instru-
ment is plausible for three reasons: first, because
sports facilities are provided by communities and
not by individuals, reverse causality can be excluded.
Second, community-level variables (e.g. average local
income, local age distribution, population density)
control for potential confounders that are likely to
be correlated with both the number of sports facil-
ities and health. Third, individuals typically self-
select into neighbourhoods based on housing prices,
housing quality, commuter distance, school quality
and/or environmental factors such as noise. Non-
work-related travel distances such as geographic
proximity to sports facilities are found to play only
a negligible role in selecting a neighbourhood to live
in (Lee et al. 2010; Chatman 2009).

Unfortunately, we only have self-reported data on
sports activity and health. Although the IV method
helps to correct for reporting errors in the sports
activity measure, it does not eliminate reporting
errors in the outcome variables. Another limitation
of our article is that we have data on sports activity
only at the consolidated level for all different types of
sports and at an ordinal level for five different

frequencies of doing sports. Ideally, we would have
data on subgroups of sports (e.g. football, tennis,
jogging) and hours of weekly sports activity, which
would allow us to estimate the marginal effects of an
additional hour of doing different types of sports.

Despite these limitations, this article makes an
important contribution by providing IV estimates
on the effects of sports activity on health based on
a representative sample. Although the instrument is
powerful in explaining sports activity, the second-
stage effects on health are mostly statistically insig-
nificant due to the high SEs of the IV estimates.
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Appendix

Table A2. Effects of sports activity on health: Alternative cut-offs for being ‘active’.
IV IV IV
(1) (2) (3)

(at least weekly (orig.)) (at least monthly) (not never)

Panel A: measures of specific health issues (yes/no)
Overweight −0.316† −0.386† −0.413†

(0.222) (0.274) (0.296)
Sleeping problems −0.187† −0.229† −0.245†

(0.137) (0.169) (0.181)
Headaches −0.073 −0.090 −0.096

(0.130) (0.160) (0.171)
Back problems 0.021 0.027 0.028

(0.152) (0.186) (0.199)
Weariness 0.076 0.093 0.100

(0.141) (0.174) (0.186)
Panel B: measures of perceived overall health (0–10)
Health satisfaction 0.002 0.003 0.003

(0.857) (1.048) (1.121)
Perceived health impediments in everyday activities 0.784 0.960 1.025

(1.241) (1.526) (1.635)
Observations 6,645 6,645 6,645
F-test of excl. instrument in the first stage 21.52 16.74 15.83

Non-IV estimates for sports activity with robust SEs in parentheses are displayed in column (1). 2SLS estimates for sports activity with robust SEs in
parentheses are displayed in column (2). All models control for average local income, squared average local income, average local income Gini, average
local age, squared average local age, local SD of age, local density of doctors, local population density, squared local population density, local community
typology, country region, age, squared age, gender, marital status, education, work status, household income and household with children. All estimations
also include a constant (not reported).

*, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.
†denotes p-values between 0.10 and 0.20.

Table A1. First-stage results: individual fixed-effect model with panel data (1999–2008).
Linear probability model (LPM)

Variables FE1

Number of sports facilities within 6 miles 0.0001
(0.0007)

Demographic and socio-economic controls Yes
Regional controls Yes
Individual fixed effects Yes
F-test of excluded instrument in the first stage 0.04
Number of observations 65,909
Number of individuals 14,574

The estimation included 10 years of individual panel data from 1999 to 2008. The data on sports facilities are drawn and interpolated from the 1998, 2001,
2005 and 2008 Swiss Business Census. Data on population density are drawn and interpolated from the 1990, 2000 and 2010 Swiss Population Census. All
other variables are directly drawn from the SHP surveys 1999–2008. In Model FE1, OLS estimates for M3 with individual fixed effects are displayed (not
included are the regional controls for local average income, squared local average income, local average income Gini, local average age, squared local
average age and SD of average age, because these measures are not available to us for other years than 2008). The dependent variable is a dummy variable
that takes a value of 1 for individuals that do sports at least once a week and a value of 0 otherwise. The estimation also included a constant (not reported).

*, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.
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Table A3. Comparison of different measures of local density of sports facilities.
First-stage F-test

Distance boundaries Mean SD of excluded instrument

Sports facilities within 1 mile 1.67 2.29 F = 0.78
Sports facilities within 2 miles 5.00 6.40 F = 2.02
Sports facilities within 3 miles 9.11 10.85 F = 8.08
Sports facilities within 4 miles 13.69 15.40 F = 8.79
Sports facilities within 5 miles 18.44 19.52 F = 12.29
Sports facilities within 6 miles 23.42 23.39 F = 21.52
Sports facilities within 7 miles 28.67 27.60 F = 17.03
Sports facilities within 8 miles 34.39 31.91 F = 22.23
Sports facilities within 9 miles 40.55 36.34 F = 23.21
Sports facilities within 10 miles 47.19 40.74 F = 15.97
Number of households 4,049
Number of individuals 6,645

Data on sports facilities are drawn from the 2008 Swiss Business Census and are linked to the home addresses of SHP
individuals. The F-test of excluded instrument reflects the power of the number of sports facilities. All models control
for average local income, squared average local income, average local income Gini, average local age, squared average
local age, local SD of age, local density of doctors, local population density, squared local population density, local
community typology, country region, age, squared age, gender, marital status, education, work status, household
income and household with children.

Table A4. Effects of sports activity on health: Alternative estimation approach.
IV IV IV IV IV
(1) (2) (3) (4) (5)

(4 miles) (5 miles) (6 miles) (7 miles) (8 miles)

Panel A: measures of specific health issues (yes/no)
Overweight −0.576† −0.530* −0.316† −0.314 −0.245

(0.233) (0.307) (0.222) (0.250) (0.211)
Sleeping problems −0.445* −0.379* −0.187† −0.065 −0.023

(0.256) (0.202) (0.137) (0.148) (0.125)
Headaches −0.223 −0.065 −0.073 −0.114 −0.031

(0.206) (0.170) (0.130) (0.148) (0.131)
Back problems −0.076 −0.146 0.021 0.153 0.107

(0.227) (0.196) (0.152) (0.177) (0.149)
Weariness −0.059 −0.034 0.076 0.139 0.098

(0.227) (0.187) (0.141) (0.159) (0.138)
Panel B: measures of perceived overall health (0–10)
Health satisfaction −0.894 0.282 0.002 −0.826 −0.541

(1.390) (1.128) (0.857) (0.985) (0.834)
Perceived health impediments in everyday activities 0.456 −0.127 0.784 1.526 1.149

(1.846) (1.571) (1.241) (1.437) (1.206)
Observations 6,645 6,645 6,645 6,645 6,645
Number of sport facilities within distance boundary 13.69 18.44 23.42 28.67 34.39
Instrument coefficient in the first stage 0.0040*** 0.0043*** 0.0053*** 0.0045*** 0.0049***
F-test of excl. instrument in the first stage 8.79 12.29 21.52 17.03 22.23

2SLS estimates for sports activity are displayed with robust SEs in parentheses. Column (1)–(5) refer to different distance boundaries for density of sports
facilities. All models control for average local income, squared average local income, average local income Gini, average local age, squared average local
age, local SD of age, local density of doctors, local population density, squared local population density, local community typology, country region, age,
squared age, gender, marital status, education, work status, household income and household with children. All estimations also include a constant (not
reported).

*, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.
†denotes p-values between 0.10 and 0.20.

APPLIED ECONOMICS 4883



Table A5. Effects of sports activity on health: Alternative estimation approach.
IV (First-S: LPM) IV (First-S: Probit)

(1) (2) (3)
(LPM/OLS (orig.)) (LPM/OLS) (Probit)

Panel A: measures of specific health issues (yes/no)
Overweight −0.316† −0.495** −1.252** [−0.457]

(0.222) (0.211) (0.623)
Sleeping problems −0.187† −0.206† −1.192† [−0.177]

(0.137) (0.127) (0.816)
Headaches −0.073 −0.074 −0.686 [−0.089]

(0.130) (0.119) (0.904)
Back problems 0.021 −0.019 −0.107 [−0.018]

(0.152) (0.147) (0.807)
Weariness 0.076 0.072 0.376 [0.814]

(0.141) (0.133) (0.058)
Panel B: measures of perceived overall health (0–10)
Health satisfaction 0.002 0.650 -

(0.857) (0.836)
Perceived health impediments in everyday activities 0.784 0.227 -

(1.241) (0.846)
Observations 6,645 6,645 6,645

In column (1), the predicted values of sports activity are obtained from a linear probability first-stage regression. In columns (2) and (3), the predicted values
of sports activity are obtained from a Probit first-stage regression. In columns (1) and (2), LPM estimation results are displayed in Panel A and OLS
estimation results are displayed in Panel B. In column (3), Probit estimates are displayed (with marginal effects at the mean in brackets) for Panel A. All
models control for average local income, squared average local income, average local income Gini, average local age, squared average local age, local SD of
age, local density of doctors, local population density, squared local population density, local community typology, country region, age, squared age,
gender, marital status, education, work status, household income and household with children.

*, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.
†denotes p-values between 0.10 and 0.20.
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