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Abstract

The benetfits of practicing physical activity on health have been explored in
some studies in Brazil. However, the causal nature of this relationship
still lacks evidence. The present study aims to contribute by presenting an
analysis of the impact of physical activity on the health of adult women in
Brazil. In order to do so, the microdata of the National Health Survey of
2013, which allows the construction of self-assessed health indicators, of
different chronic diseases and of weight indicators, are used. To address
the endogeneity between physical activity and health practice, a
multivariate Probit model is used. The identification strategy employed
consists of a restriction of exclusion of the variable that indicates if there
is a public place for the practice of physical activity near the home. The
results indicate that it increases the probability of practicing physical
activity when there is a public place near the residence. There is evidence
of a positive impact of physical activity on women’s health for the set of
indicators used.
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1 Introduction

Physical inactivity is considered one of the main risk factors that cause Noncommunicable
Chronic Diseases (NCDs), such as strokes, heart attacks, hypertension, type 2 diabetes,
cancer, among other diseases’ (Bauman et al., 2012). It is the fourth leading cause of
death in the world, accounting for more than 3 million deaths per year (Hallal et al.,
2008; Kohl 3rd et al., 2012; Pratt et al., 2012). Some studies suggest that regular and
adequate physical activity may contribute to reducing the direct and indirect costs of a
wide range of diseases? by improving muscular and cardiorespiratory fitness, and bone
and functional health (Lee et al., 2012; Pratt et al., 2012; Ding et al., 2016; Arbel et al.,
2018). For the United States, Carlson et al. (2015) estimated that annual per capita
health expenditures for inactive adults compared to active adults were $1,313 and $576,
respectively. The percentage of health care expenditures associated with inadequate levels
of physical activity was 11.10% and the total cost of physical inactivity represented an
additional $117 billion in health care costs. These numbers reinforce the incentive to
practice regular physical activity as a way to reduce considerably the private and social
costs associated with many chronic diseases.

In the specific case of women, practicing physical activity lead to health improvement
and the prevention of many diseases, such as breast and cervical cancer, thereby reducing
the depreciation rate of their health (Rezende et al., 2018b,a). According to the World
Health Organization (2016), physical activity is also associated with improved psychological
health by reducing levels of stress, anxiety and depression, contributing to the building of
self-esteem and confidence, and providing a vector for social integration and equality for
women in society.

For these reasons, the promotion of the practice of physical activity has become a
priority for health agencies in many countries (Heath et al., 2012). In Brazil, the Ministry
of Health launched in 2011 the “Strategic Action Plan for Coping with NCDs”. The
objective was to encourage the development of public policies for the prevention and
control of NCDs and their risk factors Brasil (2011). In the same year, the Ministry of
Health, through Ordinance No. 790 of April 7, 20113, instituted the “Health Academy
Program”, with the main objective being “[. . .| to contribute to the promotion of health and
healthy lifestyles of the population by the creation of centers with adequate infrastructure
and qualified professionals.” However, only 26.20% of the Brazilian adult population
practice leisure-time physical activity in standards considered adequate by the World
Health Organization according to the 2013 National Health Survey (NHS).

The studies by Hallal et al. (2008), Ramires et al. (2014), Szwarcwald et al. (2014),
Rezende et al. (2018b)* and Rezende et al. (2018a) sought to verify the effect of the
practice of physical activity on health in Brazil®. However, because physical activity is
a potentially endogenous variable, the observed correlations cannot be interpreted as a
causal effect. Brechot et al. (2017) lists three reasons for suspecting the endogeneity of

! Rezende et al. (2015) using the microdata from the 2008 National Sample Household Survey showed
that there is an association between physical inactivity and a set of noncommunicable diseases for
Brazil.

2 See, for example, the studies by Cecchini et al. (2010), by Rtveladze et al. (2013), by Canella et al.
(2014) and Flores-Ortiz et al. (2019).

3 Repealed by Ordinance No. 2681, of November 8, 2013.

4 This study provides a comprehensive systematic review of the literature and provides evidence that
physical activity is associated with a lower risk of various types of cancer.

5 See also, for example, Mendonca and Anjos (2004).



physical activity.

The first is that physical activity most likely relates to other determinants of health
that are not fully observed, such as healthy and unhealthy lifestyles, personal hygiene
aspects, sleep-related behavior, and so on. Even though it is possible to control many
of these factors, it is very likely that some will remain out of the analysis. The second
reason is the problem of the reverse causality between health and physical activity. People
in better health are more likely to exercise, so the health condition is what determines
the practice of physical activity and not the other way around. Finally, the third reason
is that self-reported information about the practice of physical activity tends to have
measurement errors (Ferrari et al., 2007).

The causal effect of physical activity on health could be obtained through an
experiment in which the practice of physical activity was randomized. In the absence of
an experiment, the analysis of the causal effect of physical activity on health could be
performed by a quasi-experiment. Therefore, it would be necessary to gather information
at the individual’s level regarding their health behavior and a variable that would allow
exogenous variations to differentiate the endogeneity present in the relationship between
physical activity and health. In a systematic review of the evolution of epidemiological
research in physical activity in Brazil, Ramires et al. (2014) did not find evidence of an
experimental study in this sense. However, experimental studies have been performed
with small and generally representative samples of a very specific group, not allowing to
generalize the results to the rest of the population.

Studies in the literature dealing with this theme recommend two approaches to
this problem of endogeneity. The first one is the use of a single-equation model with
instrumental variables (Rosenzweig and Schultz, 1983; Mullahy and Portney, 1990; Kenkel,
1995, 1991; Gilleskie and Harrison, 1998; Lindahl, 2005). The second is the use of a
recursive multivariate probit model, in which a system of equations is specified for the
health production function and for health behaviors (Contoyannis and Jones, 2004; Balia
and Jones, 2008; Schneider and Schneider, 2009; Rasciute and Downward, 2010; Humphreys
et al., 2014). However, according to Bhattacharya et al. (2006), the dichotomous nature
of the variable related to the practice of physical activity in appropriate standards, and of
the variables that represent health outcomes, represents a problem for the single-equation
model with instrumental variables. This suggests that the multivariate probit model
would then be the most appropiate econometric setting as to generate consistent estimates
of the relationship between physical activity and health outcome, by assuming an error
structure in which the two equations are allowed to be correlated.

Based on these considerations, this study aims to present evidence of the causal
effect of physical activity on the health of adult women in Brazil, using the body-mass
index (BMI) as a proxy for women’s health and a recursive multivariate probit model. The
identification strategy is based on an exclusion restriction using a variable that expresses
the fact that there is a public place close to their residence. To our knowledge, there are
no studies dedicated to physical activity that seek to analyze the relationship in a causal
perspective with a focus on women for Brazil. This topic gains relevance when observing
the information from the NHS and verifying that Brazilian women have better health
habits compared to men (lower proportion of smoking, better diet, lower consumption of
soda, besides going more often to medical visits), but the physical activity among them is
significantly lower.

The article is structured in 6 sections including this introduction. Section 2 presents
an overview of the geographical and demographic aspects of Brazil. In section 3, the data



used in the study are presented. Section 4 describes the method used and the empirical
strategy employed. The results are presented and discussed in section 5. In section 6 the
final considerations are presented.

2 Overview

Brazil is a continental-sized country, being the largest country in Latin America and
the fifth largest in the world in territorial extension. In population terms, it is the fifth
most populous country in the world, with a population estimated at about 210 million
inhabitants in 2018 (IBGE, 2018). With a GDP of US$ 2.14 trillion in 2017, Brazil is the
eighth largest economy in the world. In per capita terms, however, the country occupies
the 62"¢ position in the world ranking, with a per capita GDP of US$ 10,309 in 2017
(IFM, 2018).

Brazil is divided into five geographic regions: Midwest, Northeast, North, Southeast
and South. The poorest regions are the North and Northeast, and the richest regions
are the Southeast and Midwest Leivas and dos Santos (2018). As shown in Figure 1, in
appendix, the Southeast region is the one with the highest concentration of people living
in an urbanized area, while the North region has the lowest concentration.

Regarding the evolution of the urbanization rate in Brazil, only 36.16% of the
population lived in urban areas in 1950, while this rate was 84,36% in 2010. Looking at
the geographic regions, the least urbanized were, in 1950, the Midwest (24.38%) and the
Northwest (26.4%), while the Southwest (47.55%) and the North (31.49%) were the most
urbanized. This situation is different from that observed in 2010, where the Northeast
region was the least urbanized (73.13% of the population living in urban areas), followed
by the North (73.53%). Meanwhile, the Southeast region remained as the one with the
highest proportion of people living in urban areas in 2010, with an urbanization rate of
92.95%. On the other hand, the Midwest region ceased to be the region with the lowest
rate of urbanization in 1950 to reach the second largest rate in 2010, 88.8% IBGE (2011).

The increase in urbanization in Brazil is similar to the urbanization process that
occurred in South America and the Caribbean (O’Sullivan, 2007). In a systematic review
of the literature, Eckert and Kohler (2014) indicate that many health outcomes correlate
with urbanization in developing countries. If, on the one hand, urbanization is associated
with a low risk of malnutrition in children, on the other hand it is associated with a high
risk of overweightness. In addition, the authors also showed that risk factors common to
chronic diseases were more prevalent in urban areas.

The ethnic diversity is also relatively high in the country. In 2010, Brazil presented
a fractionalization index (Taylor and Hudson, 1976) of 0.577 (Leivas and dos Santos,
2018), whose value is higher than the world average of 0.44 (Alesina et al., 2003). The
socioeconomic inequalities among different ethnic groups, although they have improved in
the last 30 years, are still a relevant issue in Brazil (Leivas and dos Santos, 2018). In 2010,
the average black citizen’s income was about 56% of the average white citizen’s income.
In terms of years of study, also in 2010, whites had 8.5 years of study, on average, while
blacks had an average of 6.5 years of study (Leivas and dos Santos, 2018).

The proportion of people aged 60 years or more doubled between 1970 and 2000
(Paim et al., 2011) and the expectation is that in 2050 the number of older people will
exceed that of children and adolescents in more than 38 million individuals Brasil (2010).
This change in the age structure of the Brazilian population modified morbidity and



mortality patterns in the country. In 2007, more than 70% of deaths in Brazil were related
to Noncommunicable Chronic Diseases, while mortality from infectious and parasitic
diseases was 10% (Schmidt et al., 2011). This situation contrasts with the data from 1930,
when 45.6% of deaths in Brazilian capitals were attributed to infectious diseases (Brasil,
2009).

The significant increase in the number of overweight people, regardless of gender, age,
income level or region has attracted the attention of public authorities in Brazil in recent
years. Data from the 2013 National Health Survey show that the proportion of obese
citizens in the period from 2002 to 2013 increased from 9.3% to 17.5% among men. For
women, this increase was even higher, going from 14% to 25.2%. Because overweightness
is one of the major risk factors for NCDs, this increase in the proportion of obese people
represents a public health problem in the country.

3 Data

The database used was the NHS (National Health Survey) performed in 2013 by the
Ministry of Health in partnership with the Brazilian Institute of Geographic and Statistics
(IBGE). This research addresses several aspects of health and lifestyles of the population.
The questionnaire used in the interviews was divided into three parts: the first and the
second parts are related to the issues of households and their residents whereas the third
part is an individual questionnaire from a sub-sample, in which a resident aged 18 years or
older was selected to answer specific lifestyle and health questions, in addition to measures
of weight, height, and blood pressure.

In this study, the data sample used in the regression analysis is formed by adult
women aged between 18 and 59 years of age, who lived in the urban area and were not
pregnant. Older women and rural women were excluded considering that these groups
may have a health production function with very specific aspects.

To measure health outcomes we used objective measures based on weight and height
measurements, and three dummy variables were formed based on the body mass index
(BMI): BMI25 (1 = overweight or obese), BMI30 (1 = obesity type 1 or 2) e BMI35 (1 =
type 2 obesity). The variables of age, color, bad habits of food and smoking, access to
health care, basic sanitation, number of people at home, income, work, education, asset
index, excessive time watching television, physical activity going to and at work, as well as
area variables such as fixed effects for capital, metropolitan region and states will be used
as control (see Table I, in appendix). These variables aim to control socioeconomic factors,
health care, health habits and time allocation with activities, which can be correlated
with physical activity and health. All estimations will be done by gender.

Lifestyle indicators follow the definition adopted by IBGE (2015), which is based on
the recommendations of the World Health Organization. For example, physical activity
(exercise or sport) at the recommended level occurs when the individual reports having
practiced physical activity in the last three months, at least 75 minutes of intense activity,
or 150 minutes of mild or moderate activity per week. It should be noted that the concept
of the main variable of physical activity encompasses only the leisure practice, not counting
physical activity at work.

Although this study focuses on women’s health, we will present male descriptive
statistics for comparison purposes. Table II, in appendix, presents the mean of the
outcomes and controls used. As can be observed, 21,4% of women practices physical



activity while for the men, this represents 31%. In general, those who practice physical
activity have better eating habits, better socioeconomic conditions (education, income
and asset index), health insurance, smoke less, go to medical appointments, watch less
television.

4 Methodology

Two econometric approaches will be used to estimate the effect of physical activity on
women’s health indicators: a linear probability model (LPM) and a multivariate probit
model. The specification of the linear probability model assumes that the physical activity
variable is exogenous and can be described as:

H; = x;8 + ay; + 1, (1)

where H; is the health indicator (BMI25, BMI30 ou BMI35) of individual 7. y,; indicates
whether individual ¢ practices leisure physical activity in appropriate routines. x; is a
vector of exogenous explanatory variables and 8 and a are unknown parameters to be
estimated. The p; is an error term.

The main limitation of the LPM is in the decision to do physical activity, considered
exogenous in equation (1). The presence of unobservable factors such as the preference
in doing physical activity or the opportunity cost of the time spent practicing physical
activity affects both the variables of physical activity and the health indicators. In this
case the estimates of parameters f and « are not consistent.

One way to circumvent this problem is to assume that physical activity is an
endogenous variable and use the instrumental variable (IV) estimator or a bivariate probit
model to estimate the impact of physical activity on health indicators. In the health
economic literature several studies have used the bivariate probit model to analyze the
relationship between physical activity and health status®. This model with an endogenous
variable is considered a system of equations whose dependent variables are binary, and
the error terms are correlated. Equations (2) and (3) describe the system of equations of
this model in the context of our problem:

Hpi = 1[xpiB), + opi + pini > 0], (2)
Ypi = L[xpiB, + pipi > 0], (3)

where Hp,; is the health indicador (BMI25, BMI30 ou BMI35) of individual 4, y,; indicates
whether individual 7 practices leisure physical activity in appropriate routines. x;;,j =
(h,p) is a vector of exogenous explanatory variables and 3; and « are unknown parameters
to be estimated. Note that it is not necessary for x;, and x, to contain the same variables.
In order to analyze the impact of physical activity on health in a causal sense, our
identification strategy consists of an exclusion constraint in the structural equation for
health (2) that is included in the equation in reduced form for physical activity (3)7. The

6 To Sarma et al. (2015), the bivariate probit model is superior to the IV procedure.

7 Exclusion constraint is not a necessary condition to identify the parameters of the structural health
equation (2) as emphasized by Heckman (1978). We adopt this strategy since we seek to establish
causal relations. A similar procedure was used by Humphreys et al. (2014) and Sarma et al. (2015).



error terms (p, ftp) are independent of x; and are distributed as normal multivariate,
with zero mean, constant variance, and corr(pup, it,) = p.

A binary variable will be used as an exclusion restriction, indicating whether there is
a public place to practice physical activity near the individual’s home (reported variable,
yes or no). It is expected that this variable is strongly associated with the practice of
physical activity and that it allows to bring exogenous variations. A test of falsification
will be used to give robustness to the results. Therefore, the variable hearing disability
will be used as an outcome, assuming that the practice of physical activity has no effect
on the ability of the person to hear or not. The coefficient is expected to be statistically
non-significant on the outcome variables.

5 Results

Table III, in appendix, presents the marginal effects from the estimation of the bivariate
probit model for BMI25 (overweight or obesity) by gender. Although the focus of this
study is on women’s health, we will present the results for men’s health for comparison
purposes. As can be seen, physical activity has a statistically significant impact for both
genders. For example, the probability of being overweight or obese (BMI25) decreases by
28.70 percentage points (p.p.) for females and 21.38 for males. The estimated marginal
effects indicate that physical activity at work and commuting to work (or other main
activities) are statistically significant and have an impact on reducing overweight or obesity
for males. For women, these same effects are not significant.

An interesting result was observed related to current daily smoking. It negatively
affects the likelihood of practicing physical activity, however, women who formerly smoked
are more likely to engage in this activity. This fact can be explained by the change
in people’s health habits. Thus, this control is important, since in the case of physical
activity, we only have current information.

It was also verified that having a higher income, a greater asset index, higher
education, practicing activities on the way to work, no partner, younger age, and good
habits (food and not smoking) are factors positively associated to a greater probability of
individuals (both gender) practicing physical activities in their leisure time. For example,
among women in the last quintile of the Asset index, this probability increases by 9.4 p.p.
compared to those in the first quintile.

For women, the variables excessive time watching TV and having children under 7
years of age are factors negatively associated with the practice of physical activity. These
results suggest that socioeconomic factors and time spent in leisure activities (such as
watching television) and at home (in cases of families with children) affect the availability
of health-related activities as advocated in the Grossman (1972) model. In the case of
men, one factor that draws attention is that being outside of the workforce increases the
probability of practicing physical activity.

Table IV, in appendix, presents the marginal effects of the impact of physical
activity on health for the different outcomes (BMI), as well as the coefficient of the
exclusion restriction on the practice of physical activity. For comparison purposes, we
also describe the coefficients estimated with robust errors for a linear probability model
(LPM) considering physical activity as an exogenous variable. As can be observed, the
estimated coefficients for the LPM exhibit a lower impact in absolute terms and some
cases without statistical significance (BMI25 and BMI30 for women and BMI25 for men).



The results obtained by the bivariate probit model show that physical activity
performed in leisure time has an impact on measures of overweight and obesity. Sarma
et al. (2015) also finds a significant result of physical activity on BMI outcomes for adults
in Canada, using the temperature variations in the estimation of the bivariate probit
model as exclusion restrictions. However, physical activity did not prove significant for
measures of chronic diseases. In addition, when controlling physical activity at work,
the authors show that physical activity practiced in leisure time is only significant for
individuals who are not sedentary at work. In contrast, Brechot et al. (2017) have shown
that for Swiss adults, physical activity has only one non-causal relationship with health
measures (among them, BMI-based outcomes) because, in the method of instrumental
variables, when using the local density of sports facilities as an instrument, the impact of
sport-based physical activity was not significant on all health measures.

Further, the studies that have been undertaken correlating genetic aspects to the
occurrence of obesity and overweight have not been able to show the interference of these
factors in more than a quarter of the obese, so that the process of excessive accumulation
of body fat, in most cases, is still considered to be triggered by socio-environmental aspects
(Bouchard, 1991; Stunkard, 2000). Thus, the obtained results corroborate the clinical
studies which indicate that discretionary aspects, such as the practice of exercises, are
fundamental to explain the incidence of obesity and overweightness.

Based on the results, it can be inferred that if the individual has a public space
to practice physical activity near her home, the probability of the occurrence of such
activity increases in magnitude between 5.9 p.p. and 6.4 p.p., depending on the outcome
used. It should be noted that, given the socioeconomic controls, eating and smoking
habits, coverage of health services, other types of physical activity and other indicators
already highlighted, we expect that there will be no direct effect of this variable on
health indicators. The natural physical environment or that built for the practice of
physical activity plays an important role in facilitating this activity for large portions of
the population, ensuring that walking, cycling and as well as other forms of exercise are
accessible and safe for all. The physical environment also offers sports, recreation and
leisure facilities and ensures adequate spaces for active living, both for children and adults.
In this sense, having such place near her residence can be a prime factor for the individual
to make the practice of physical activity a routine in her habits.

The results indicating the existence of a positive causality of the practice of physical
activity on health outcomes support those obtained in the specialized medical literature
(Mozaffarian et al., 2012). They are also in line with those observed by Szwarcwald et al.
(2014), for Brazil, and by Kenkel (1995), Contoyannis and Jones (2004), Rasciute and
Downward (2010) and Humphreys et al. (2014) for developed countries. The shift from
physical inactivity to regular physical activity is associated with a greater decline in the
incidence of chronic diseases and in better health conditions. In this sense, government
interventions aimed at encouraging inactive people to become regular practitioners of
physical activity should generate the greatest health benefits in terms of reducing the
incidence of diseases (Kahn et al., 2002; Mozaffarian et al., 2012). According to the World
Health Organization (2014) report, urban planning and active transportation policies can
improve walking and cycling opportunities in the community they live in, resulting in
long-term benefits.

In order to evaluate the robustness of the obtained results, a falsification test was
performed in which the health outcome was the variable hearing disability, considering that
people who presented this limitation would perform less physical activity. The estimated



parameters did not present statistical significance as it can be observed in Table IV, in
appendix. These results corroborate the identification strategy adopted in the present
study. In general, the results are in agreement with the evidences of the international
literature. As expected, socioeconomic factors and healthy habits are positively associated
with better health. It is also perceived that the results suggest positive benefits of physical
activity in leisure time, but not at work.

6 Final Considerations

This work aimed at evaluating the impact of the practice of physical activity on the health
(measures of overweight and obesity) of adult women in Brazil, in order to contribute to
the literature and to approach the subject from an economic perspective. Data from the
2013 NHS allowed the use of a multivariate probit with socioeconomic, demographic and
lifestyle controls. The identification strategy consisted in the use of an exclusion variable.

The results indicate that the existence of a public place for the practice of physical
activity near the residence of women increases the probability of them exercising. When
addressing the endogeneity problem of the variable physical activity in the health equation,
an important causal effect on the health of the person was evidenced.

The implications of causality observed in this study provide support for the for-
mulation and implementation of public policies aimed at improving the health of the
population with a focus on lifestyle change, encouraging them to be more active and
adopting healthier habits.
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Figure 1 — Brazil and its Geographical Regions

o Slate Capilals
—— Mam Rivers

B Urbanized Areas With More Than
100,000 Inhabitants

B Location With Buill-up Area
|| Midwest Region
| Norheast Region
Maorth Reglon
[ Sputheast Region
[ Beuth Regien




Table I — Variable Description

Variables or groups

Definition

Health Variables
BMI25

BMI30

BMI35

Physical Activity
Adequate Physical Activity
Proximity

Individual Characteristics
Color

Age

Marriage

Unhealthy Habits

Fruits and Vegetables
Meat with Fat

Alcoholic Beverages

Salt

Milk
Beans

Fish

Soda

Sweets

Smokes

Has Smoked

Access to Medical Care
Endemic Agents

Medical Appointments

Health Insurance
Recommendation of Activities

Sanitation
Sewage

Water

Waste

Number of People in the Household

# of children < 6 years
# of children > 7 and < 14 years
# of people > 15 years

Income, Work and Education
Schooling

Dummy variable that is equal to 1 when the individual has a Body
Mass Index greater than or equal to 25 (classified as having overweight
or obesity), considering height and weight as established by NHS.
Dummy variable that is equal to 1 when the individual has a Body
Mass Index greater than or equal to 30 (classified as having type 1 or
2 obesity), considering height and weight as established by NHS.
Dummy variable that is equal to 1 when the individual has a Body
Mass Index greater than or equal to 35 (classified as having type 2
obesity), considering height and weight as established by NHS.

Binary: 1 if the person has practiced physical exercise or sport in
the last three months (at least 70 minutes in intense activities or 150
minutes in mild or moderate activities per week); 0, otherwise.
Binary: 1 if there is a public space for practicing physical activity and
/ or sport close to home; 0, otherwise.

Binary: 1 if white; 0, otherwise.
Age in years.
Binary: 1 if married; 0, otherwise.

Binary: 1 if the person eats vegetables and fruits (or drinks fruit juice)
less than 5 days a week; 0, otherwise.

Binary: 1 if the person usually eats meat with fat or chicken with
skin; 0, otherwise.

Binary: 1 if the person consumes alcoholic beverages at least once a
week; 0, otherwise.

Binary: 1 if the person considers their salt consumption very high or
high; 0, otherwise.

Binary: 1 if the person usually doesn’t drink whole milk; 0, otherwise.
Binary: 1 if the person doesn’t eat beans 5 of more days of the week;
0, otherwise.

Binary: 1 if the person doesn’t eat fish at least once a week; 0, other-
wise.

Binary: 1 if the person consumes soda at least 5 times a week; 0,
otherwise.

Binary: 1 if the person consumes sweets at least 5 times a week; 0,
otherwise.

Binary: 1 if the person smokes daily; 0, otherwise.

Binary: 1 if the person has previously smoked daily; 0, otherwise.

Binary: 1 if the person has received in their home a guest with an
endemic disease at least once a year 0, otherwise.

Binary: 1 if the person has gone to the doctor at least once in the last
12 months; 0, otherwise.

Binary: 1 if the person has a health care plan; 0, otherwise.

Binary: 1 if the person has received a medical recommendation to
practice a physical activity; 0, otherwise.

Binary: 1 if the person has a bathroom with a drain connected to the
general or rainwater system or septic tank; 0, otherwise.

Binary: 1 if the person has piped water connected to the general
distribution network; 0, otherwise.

Binary: 1 if the person has direct or indirect garbage collection; 0,
otherwise.

Number of children in the household with ages equal to or less than
6 years old.

Number of children with ages higher than or equal to 7 years, and less
than or equal to 14 years.

Number of people in the household with ages equal to or higher than
15 years.

Categorical: 1 = uneducated; 2 = unfinished elementary/middle
school; 3 = finished elementary/middle school; 4 = unfinished high
school; 5 = finished high school; 6 = unfinished higher education; 7
= finished higher education.

continues




Variables or groups

continued
Definition

In income
Work

Asset index (in quintiles, created based on the
local NHS sample)

TV

Other Physical Activities
Domestic Physical Activities

Physical Activities at Work
Physical Activities to Work
Area

Area
State Fixed Effects

Natural logarithm of household income per capita.

Categorical: 1 = occupied; 2 = unoccupied; 3 = not inserted in the
workforce.

Indicator (based on PCA) of the following variables: TV; DVD; refrig-
erator; washing machine; microwave; cell phone; computer; internet;
motorcycle; car.

Binary: 1 if the person watches television for 3 hours or more per day;
0, otherwise.

Binary: 1 if the person practices domestic physical activities (150
minutes or more per week); 0, otherwise.

Binary: 1 if the person practices physical activities at work (30 min-
utes or more per day); 0, otherwise.

Binary: 1 if the person practices physical activities on the way to work
or other usual activity such as going to school (30 minutes or more
per day); 0, otherwise.

Categorical: 1 = capital; 2 = metropolitan region; 3 = others.
Binary: 1 if the person lives in the federation unit j, j = 1,2,...,J;
0, otherwise.




Table II — The Average of the Variables by Physical Activity

‘Women Men
Practices Activities Difference  Practices Activities  Difference
Yes No Yes No

BMI25 0.545 0.570 -0.025 0.548 0.580 -0.032
BMI30 0.206 0.249 -0.043 0.143 0.192 -0.049
BMI35 0.050 0.087 -0.037 0.036 0.049 -0.013
Color (white) 0.532 0.469 0.063 0.485 0.472 0.013
Age 36.530 37.740 -1.210 32.480 38.530 -6.050
Partner 0.554 0.614 -0.060 0.495 0.666 -0.171
Capital 0.308 0.283 0.025 0.322 0.256 0.066
Metropolitan region 0.156 0.196 -0.040 0.161 0.203 -0.042
Other areas 0.536 0.521 0.015 0.517 0.541 -0.024
Fruits and vegetables™ 0.489 0.632 -0.143 0.590 0.680 -0.090
Meat with fatT 0.204 0.318 -0.114 0.420 0.499 -0.079
AlcoholT 0.234 0.141 0.093 0.427 0.384 0.043
Salt* 0.141 0.144 -0.003 0.172 0.190 -0.018
MilkF 0.490 0.378 0.112 0.379 0.376 0.003
BeansT 0.399 0.323 0.076 0.264 0.215 0.049
FishT 0.381 0.486 -0.105 0.420 0.470 -0.050
Sodat 0.192 0.256 -0.064 0.294 0.327 -0.033
SweetsT 0.236 0.248 -0.012 0.240 0.205 0.035
Never smoked daily 0.837 0.800 0.037 0.808 0.679 0.129
Has smoked daily 0.103 0.085 0.018 0.096 0.136 -0.040
Smokes daily 0.060 0.115 -0.055 0.096 0.185 -0.089
Endemic agents 0.731 0.750 -0.019 0.728 0.743 -0.015
Medical appointments 0.859 0.792 0.067 0.656 0.639 0.017
Health insurance 0.380 0.236 0.144 0.320 0.232 0.088
Recommendation of activities 0.231 0.204 0.027 0.124 0.173 -0.049
Sewage 0.875 0.823 0.052 0.858 0.822 0.036
Water 0.936 0.925 0.011 0.934 0.916 0.018
Waste 0.992 0.981 0.011 0.985 0.978 0.007
# of hildren < 6 years 0.252 0.384 -0.132 0.257 0.323 -0.066
# of children > 7 and < 14 years 0.384 0.472 -0.088 0.324 0.419 -0.095
# of people > 15 years 2.897 2.881 0.016 2.977 2.843 0.134
Uneducated 0.040 0.087 -0.047 0.039 0.099 -0.061
Unfinished elementary/middle school 0.108 0.211 -0.103 0.118 0.250 -0.132
Finished elementary/middle school 0.070 0.103 -0.033 0.101 0.119 -0.018
Unfinished high school 0.059 0.068 -0.009 0.076 0.065 0.011
Finished high school 0.362 0.341 0.021 0.390 0.309 0.081
Unfinished higher education 0.078 0.055 0.023 0.092 0.050 0.042
Finished higher education 0.282 0.136 0.146 0.184 0.109 0.075
Domestic income per capita 1682.000 1003.000 679.000 1704.000 1122.000 582.000
Occupied 0.656 0.596 0.060 0.829 0.852 -0.023
Unoccupied 0.051 0.049 0.002 0.052 0.027 0.025
Outside of workforce 0.294 0.355 -0.061 0.119 0.121 -0.002
Asset index (1st quintile) 0.075 0.153 -0.078 0.097 0.158 -0.061
Asset index (2nd quintile) 0.113 0.188 -0.075 0.145 0.191 -0.046
Asset index (3rd quintile) 0.190 0.226 -0.036 0.211 0.216 -0.005
Asset index (4th quintile) 0.542 0.382 0.160 0.469 0.377 0.092
Asset index (5th quintile) 0.080 0.051 0.029 0.078 0.058 0.020
Time spent watching television 0.243 0.329 -0.086 0.262 0.270 -0.008
Domestic physical activities 0.205 0.196 0.009 0.052 0.051 0.001
Physical activities at work 0.058 0.088 -0.030 0.187 0.249 -0.062
Physical activities to work 0.365 0.353 0.012 0.325 0.302 0.023
Proximity 0.612 0.449 0.163 0.583 0.448 0.135
Physical activity 0.214 0.310

N(observations) 4537 17636 4537 11544

Source: Author’s elaboration based on the data of the 2013 NHS.
Notes: T indicators of bad health habits.



Table III — Marginal effects of the BMI25 indicator using the multivariate probit models

‘Women Men
Physical Activity =~ BMI25 Physical Activity =~ BMI25
Physical activity -0.2870*** -0.2138**
(0.0626) (0.1045)
Color (whites) -0.0066 -0.0134 -0.0168 0.0127
(0.0102) (0.0116) (0.0127) (0.0137)
Age -0.0030*** 0.0068*** -0.0078*** 0.0040***
(0.0005) (0.0007) (0.0006) (0.0013)
Partner -0.0406*** 0.0470*** -0.0323** 0.0963***
(0.0098) (0.0124) (0.0143) (0.0183)
Metropolitan region 0.0062 0.0084 -0.0321** 0.0094
(0.0105) (0.0130) (0.0136) (0.0152)
Other areas 0.0477*** 0.0054 0.0214* 0.0204
(0.0098) (0.0117) (0.0129) (0.0134)
Fruits and vegetables™ -0.0620*** -0.0176 -0.0709*** -0.0246*
(0.0100) (0.0118) (0.0125) (0.0147)
Meat with fat¥ -0.0582*** 0.0265** -0.0225% -0.0003
(0.0102) (0.0129) (0.0120) (0.0130)
Alcohol T 0.0732*** 0.0137 0.0296** 0.0408***
(0.0138) (0.0153) (0.0123) (0.0128)
SaltF -0.0147 -0.0029 -0.0406*** 0.0217
(0.0126) (0.0145) (0.0146) (0.0163)
Milk* 0.0389*** 0.0140 0.0131 0.0056
(0.0096) (0.0112) (0.0121) (0.0128)
Beans 0.0109 0.0468*** 0.0132 0.0262*
(0.0098) (0.0113) (0.0139) (0.0146)
FishT -0.0416*** -0.0235** -0.0270** -0.0123
(0.0098) (0.0114) (0.0119) (0.0129)
Soda¥ -0.0314*** -0.0323** -0.0350*** -0.0011
(0.0114) (0.0127) (0.0127) (0.0143)
SweetsT -0.0217** -0.0623*** 0.0076 -0.0352**
(0.0110) (0.0127) (0.0139) (0.0151)
Smoked daily 0.0537*** 0.0216 -0.0045 -0.0015
(0.0175) (0.0194) (0.0195) (0.0190)
Smokes daily -0.0477*** -0.0898*** -0.0918*** -0.1531%**
(0.0146) (0.0179) (0.0170) (0.0181)
Endemic agents -0.0005 0.0104 0.0038 0.0010
(0.0104) (0.0128) (0.0135) (0.0136)
Medical appointments 0.0387*** 0.0348*** 0.0023 -0.0150
(0.0114) (0.0132) (0.0124) (0.0130)
Health insurance 0.0169 -0.0009 0.0340** -0.0109
(0.0118) (0.0134) (0.0144) (0.0161)
Recommendation of activities 0.0407*** 0.1518*** -0.0184 0.1256***
(0.0122) (0.0138) (0.0165) (0.0191)
Sewage 0.0041 0.0030 0.0040 0.0083
(0.0124) (0.0144) (0.0153) (0.0159)
Water -0.0268 0.0133 0.0300 0.0022
(0.0164) (0.0176) (0.0204) (0.0220)
Waste 0.0370 -0.0185 -0.0269 0.0050
(0.0311) (0.0352) (0.0387) (0.0424)
# of children < 6 years -0.0346*** 0.0019 -0.0152 0.0154
(0.0084) (0.0090) (0.0109) (0.0118)
# de children > 7 and < 14 years 0.0027 0.0122* -0.0069 -0.0011
(0.0062) (0.0073) (0.0085) (0.0092)
# of people > 15 years 0.0001 0.0056 0.0116** -0.0128**
(0.0045) (0.0051) (0.0050) (0.0059)
Unfinished elementary/middle school 0.0039 0.0124 0.0245 -0.0128
(0.0193) (0.0227) (0.0228) (0.0243)
Finished elementary/middle school 0.0285 0.0225 0.0907*** -0.0066
(0.0225) (0.0253) (0.0256) (0.0299)
Unfinished high school 0.0356 -0.0380 0.0898*** -0.0057
(0.0246) (0.0294) (0.0282) (0.0324)
Finished high school 0.0475** -0.0203 0.1206*** 0.0310
(0.0191) (0.0229) (0.0225) (0.0263)
Unfinished higher education 0.0338 -0.0333 0.1093*** 0.0484
(0.0247) (0.0297) (0.0306) (0.0346)
Finished higher education 0.0811*** -0.0571** 0.1584*** 0.0349
(0.0230) (0.0277) (0.0283) (0.0329)
Ln income 0.0404*** -0.0149* 0.0419*** 0.0483***
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continued

‘Women Men
Physical Activity BMI25 Physical Activity BMI25
(0.0073) (0.0089) (0.0095) (0.0098)
Unoccupied 0.0192 -0.0205 0.1196*** -0.0356
(0.0273) (0.0261) (0.0369) (0.0398)
Outside of workforce 0.0154 -0.0153 0.0314 -0.0391*
(0.0112) (0.0127) (0.0197) (0.0206)
Asset index (2nd quintile) 0.0044 0.0327* 0.0150 0.0175
(0.0158) (0.0169) (0.0189) (0.0210)
Asset index (3rd quintile) 0.0337** 0.0712*** 0.0436** 0.0597***
(0.0167) (0.0177) (0.0192) (0.0219)
Asset index (4th quintile) 0.0692*** 0.0652*** 0.0582*** 0.0602**
(0.0176) (0.0189) (0.0203) (0.0239)
Asset index (5th quintile) 0.0770*** 0.0417 0.0660** 0.0946***
(0.0286) (0.0306) (0.0304) (0.0342)
Time spent watching television -0.0352%** 0.0292** 0.0018 0.0072
(0.0100) (0.0120) (0.0130) (0.0136)
Domestic physical activity 0.0236* 0.0041 0.0220 0.0099
(0.0121) (0.0135) (0.0294) (0.0271)
Physical activity at work -0.0379** 0.0006 -0.0077 -0.0484***
(0.0156) (0.0190) (0.0155) (0.0164)
Physical activity to work 0.0248** 0.0070 0.0493*** -0.0347**
(0.0101) (0.0113) (0.0129) (0.0152)
Proximity 0.0626*** 0.0644***
(0.0091) (0.0116)
Fixed State Effects Yes Yes Yes Yes
N (observations) 22173 22173 22173 22173

@ Source: Author’s elaboration based on the data of the 2013 NHS.
b Notes: T indicates poor health habits. The outcomes are binary variables with 1 indicating better
health (e.g., not having arthritis). Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.



and linear Probability Models

Table IV — Marginal Effects of Health Outcomes and Physical Activity for the Multivariate

Biprobit LPM N
o Physical Activity BMI BMI
Women

BMI25 0.4924*** 0.0626*** -0.2870*** 0.0147 22,173
(0.1013) (0.0091) (0.0626)  (0.0142)

BMI30 0.4474%** 0.0590*** -0.1989*** -0.0145 22,173
(0.1206) (0.0093) (0.0437)  (0.0125)

BMI35 0.3401*** 0.0586*** -0.0834*** -0.0261*** 22,173
(0.1108) (0.0095) (0.0176)  (0.0067)

Hearing disability  -0.3285 0.0598*** 0.0896 0.0014 22,173
(0.2090) (0.0094) (0.0835)  (0.0071)

VIF 3.1000

Men

BMI25 0.3584* 0.0644*** -0.2138*** -0.0003 16,850
(0.1745) (0.0116) (0.1045)  (0.0144)

BMI30 0.5143 0.0597*** -0.2152*** -0.0383*** 16,850
(0.3194) (0.0136) (0.1063)  (0.0106)

BMI35 0.1280 0.0624*** -0.0288 -0.0121** 16,850
(0.3443) (0.0120) (0.0425)  (0.0061)

Hearing disability = -0.0055 0.0626*** -0.0098 -0.0109 16,850
(0.2653) (0.0120) (0.0493)  (0.0068)

VIF 3.0300

Source: Author’s elaboration based on the data of the 2013 NHS.

Notes: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
The Variance Inflating Factor (VIF) measures the level of collinearity,
where VIF above 0 indicates high degree of collinearity.
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