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RESUMEN

Las politicas y los planes de la ciudad juegan un papel importante en la promocién de la
actividad fisica a través de cambios en el disefio urbano y los sistemas de transporte. Los
objetivos de este estudio fue describir los cambios longitudinales y relevantes en el entorno
construido para la actividad fisica en el tiempo libre y los viajes activos en la ciudad de Sao
Paulo, Brasil, entre 2015 y 2020; describir estos cambios segun las regiones de la ciudad, los
ingresos de las secciones censales y las zonas de amortiguamiento alrededor de las residencias
de los participantes en una cohorte. Para ello se utilizaran datos de bibliotecas publicas en
linea, cotejados con las secretarias municipales y estatales especificas, se midieron plazas
publicas, parques, instalaciones deportivas, clubes comunitarios, gimnasios al aire libre,
ciclovias, estaciones de tren o metro, terminales de autobuses y unidades de salud. Para
cuantificar estos atributos alrededor de las residencias, se adoptaron cuatro zonas de
amortiguamiento diferentes: zonas de amortiguamiento radiales de 500 m y 1000 m y zonas
de amortiguamiento de red de 500 m y 1000 m. Se observé un aumento en gimnasios al aire
libre (+109,6%), ciclovias (+67,7%), estaciones de tren o metro, terminales de dmnibus
(+15,4%), instalaciones deportivas (+12,0%) y plazas publicas (+8,7%). Sin embargo, los
cambios difirieron segun la regién, los ingresos del distrito censal y el area residencial. Los
resultados pueden servir para fomentar una discusion sobre los efectos de las politicas locales
que se estdn ejecutando. Ademads, este estudio destaca desigualdades importantes en las
ciudades a través de los diferentes niveles evaluados.

RESUMO

As politicas e planos da cidade desempenham um papel importante na promocao da
atividade fisica por meio de mudancas no desenho urbano e nos sistemas de transporte.
Os objetivos deste estudo foram descrever as mudancas longitudinais no ambiente
construido, relevantes para a atividade fisica de lazer e viagens ativas na cidade de Séo
Paulo, Brasil, entre 2015 e 2020; descrever essas mudancas segundo as regides da cidade,
renda dos setores censitarios e areas no entorno das residéncias dos participantes de um
estudo de coorte. Utilizando dados de bibliotecas publicas online, confirmados pelas
secretarias municipais e estaduais, foram mensurados: pragas publicas, parques,
instalagdes esportivas, clubes comunitarios, academias ao ar livre, ciclovias e ciclofaixas,
estacdes de trem e metro, terminais de 6nibus e unidades de saude. Para quantificar esses
atributos no entorno das residéncias, foram adotados quatro buffers diferentes: buffers
radiais de 500m e 100 m e buffers network de 500 m e 1000 m. Foi observado um
aumento em academias ao ar livre (+109,6%), ciclovias (+67,7%), estacdes de trem ou
metrd, terminais de Onibus (+15,4%), instalacbes esportivas (+12,0%) e pragas publicas
(+8,7%). No entanto, as mudancas diferiram de acordo com a regido, renda do setor
censitario e area de residéncia. Os resultados desse estudo podem servir para fomentar
uma discussdo sobre os efeitos das politicas locais que estdao sendo executadas. Além
disso, este estudo destaca importantes disparidades nas cidades entre os diferentes niveis
avaliados.
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ABSTRACT

City policies and plans play an important role in promoting physical activity through changes in
the urban design and transportation systems. The objectives of this study were to describe
longitudinal changes in the built environment relevant to leisure-time physical activity and
active travel in Sao Paulo city, Brazil, between 2015 and 2020; to describe these changes
according to regions of the city, census tracts’ income, and buffer zones around the
residences of participants in a cohort. Using data from public online libraries, cross-checked
with the specific municipal and state secretariats, the following were measured: public squares,
parks, sports facilities, community clubs, outdoor gyms, bike paths, train or subway stations,
bus terminals, and primary health care units. To quantify these attributes around the
residences, four different buffers: 500 m and 100 m radial buffers and 500 m and 1000 m
network buffers were adopted. An increase was observed in outdoor gyms (+109.6%), bike
paths (+67.7%), train or subway stations, bus terminals (+15.4%), sports facilities (+12.0%), and
public squares (+8.7%). However, the changes differed according to the region, census tract
income, and residential area. The results can serve to foster a discussion on the effects of local
policies being executed. In addition, this study highlights important disparities in cities through

the different levels evaluated.

Background

According to the World Health Organization (WHO),
nearly eight out of ten global deaths related to non-
communicable diseases are from low- and middle-
income countries (World Health Organization 2021).
In Brazil, 75% of all deaths are attributed to non-
communicable diseases (Malta et al. 2017) with
a continued increase in the same among adults aged
30-69 years old (Malta et al. 2020) since 2015.

Physical inactivity is the fourth leading risk factor for
non-communicable  diseases  (World  Health
Organization 2022). In Brazil, 32,410 deaths (of all
types) were attributed to physical inactivity in 2017
(Silva et al. 2020). To mitigate and reverse such trends,
the WHO has recently published a Global Action Plan
on Physical Activity 2018-2030 (World Health
Organization 2018). A core objective of this plan is to
create active environments as an effective strategy for
promoting physical activity. Active environments
include well-planned cities that encourage walking,
cycling, and public transport use, which may help
reduce the incidence of non-communicable diseases
while also promoting population health and wellbeing
(Jauregui et al. 2021). The frequency of adults physically
active in the leisure time (at least 150 min of moderate
physical activity per week) grew from 30.3% in 2009 to
36.8% in 2020 (average increase of 0.71 pp/year) while
in the commuting context remained stable (17.0% in
2009 and 13.3% in 2020) (Brazil 2021).

In Brazil, a legal framework (The City Statute)
aimed at strengthening local planning and land man-
agement toward more equitable and sustainable urban
development was approved by the Brazilian Congress
in 2001 (Camara 2010). Sao Paulo, the city with the
largest population in South America, implemented
a New Master Plan in 2014 that is scheduled to be
reviewed in 2022. This plan defines a set of guidelines
for the city’s development and growth by 2030 (Sao
Paulo 2014). The main goals of the Sao Paulo Master

Plan include (a) addressing social and economic
inequalities by improving access to housing and jobs
through land-use and zoning changes; (b) improving
access to and quality of public transit and active trans-
portation; and (c) increasing the number of parks in
the city. These goals are also supported by other local
policies, including the Urban Mobility Plan (Prefeitura
do Municipio de Sao Paulo 2015), and Pedestrian
Statute (Prefeitura do Municipio de Sdo Paulo 2020).

Given that macro-level environmental and policy
interventions (such as the Master Plan and the Urban
Mobility Policy) play an important role in promoting
physical activity in urban settings (Owen et al. 2004,
Smith et al. 2017, Panter and Jone 2010, Kiarmeniemi
et al. 2018, Cauwenberg et al. 2011, Wendel-Vos et al.
2007, Duncan et al. 2005, Humpel et al. 2002, Bauman
et al. 2012, Cunningham and Michael 2004, Barnett et al.
2017, Saelens and Handy 2008), their effects on the
health of the population should be routinely evaluated,
monitored (Brownson et al. 1997), and described.
Regular evaluations of the environmental interventions
through policies may encourage public health agencies
and policymakers to maintain or adjust these actions
(Oldenburg et al. 2008).

Additionally, to formulate city-wide, macro-level
environmental and policy interventions while taking
into account (1) the growing effort to reduce environ-
mental inequities in terms of access and choice for phy-
sical activity (World Health Organization 2018, Edwards
and Tsouros 2012, Jacobs et al. 2019); and (2) the indi-
vidual and combined effects of socio-economic contexts
and built environments on health status (Schiile and
Bolte 2015, Sharp and Kimbro 2021, Galan et al. 2021),
it is also important to consider how these changes hap-
pen across different divisions of a given city such as
regions (i.e. downtown vs. peripheral areas), income
groups, neighborhoods, and homes.

Therefore, the aims of this study were (1) to
describe longitudinal changes in the built environ-
ment relevant leisure-time physical activity and active
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Table 1. Brief description of the eight built environment attributes adopted for the present study.

Built environment attributes

Brief description Unit

Public squares

Sports facilities
with physical education professionals
Community clubs
Outdoor gyms
Bike paths
a physical segregation)
Train or subway stations, and Large stations for public transportation
bus terminals
Primary health care units

Open squares, public and urban spaces aimed at leisure and the coexistence of the population like
pocket parks and usually, contain vegetation and can also have built elements

Parks Building-free green space, typically characterized as public space, in which there is typically an
abundance of vegetation and unpaved areas, but located within an urban region

Public schools and public sports centers can be included gyms, sports fields, swimming pools and classes Map point

Small public facilities organized by community associations

Gymnastic equipment that are installed in squares or in other public space for free community use
Cycling infrastructure that includes cycle path (with a physical segregation) and cycle lane (without

Units focused on primary health care in public health system

Square
kilometers

Square
kilometers

Map point
Map point
Linear
meters
Map point

Map point

travel in Sao Paulo city, Brazil, between 2015 and 2020;
(2) to describe the longitudinal changes seen across
different regions of the city, income groups, and popu-
lation densities; and (3) to describe these observed
longitudinal changes in the form of a cohort study.

Material and methods
Setting

This paper is part of the Health Survey of Sao Paulo:
Physical Activity and Environment (‘ISA - Physical
Activity and Environment’) (Florindo et al. 2021),
which is a prospective multilevel analysis of a cohort
of individuals living in Sao Paulo City, Brazil. The
target area of this study is Sao Paulo city, which has
an estimated population of 12,396,372 inhabitants liv-
ing in a territorial area of 1,521.1 km? (Instituto
Brasileiro de Geografia e Estatistica - IBGE 2020)
resulting in a demographic density of 8,149.6 inhabi-
tants/km? (Malta et al. 2017, Instituto Brasileiro de
Geografia e Estatistica — IBGE 2020). In the most
recently conducted national census (in 2010), the
data collected on Sao Paulo showed: 92.6% of house-
holds with adequate sanitation facilities, 74.8% of
urban households on public streets with trees, and
50.3% of urban households on public streets with
adequate urbanization (presence of manholes, side-
walks, pavements, and curbs). In 2018, the per capita
income in Sao Paulo city was R$ 1,452 Brazilian reais
($276.14 US dollars) (Sao Paulo Secretaria Municipal
da Saude 2015) and the city showed deep socio-
economic inequalities (Marques and Saraiva 2017).

Built environment data collection

There is cross-sectional evidence that public squares,
parks, bike paths, train and subway stations, primary
health care units, and a mix of destinations are asso-
ciated with leisure-time walking, cycling and walking
for transportation, and sedentary behavior in adults
living in Sao Paulo city, Brazil (Florindo et al. 2017,

2018, 2019, Nogueira et al. 2018). Therefore, quantita-
tive data was gathered on the following built environ-
ment attributes: (1) public squares, (2) parks, (3) sports
facilities, (4) community clubs, (5) outdoor gyms, (6)
bike paths, (7) train and subway stations and bus term-
inals, and (8) primary health care units. A brief descrip-
tion of each built environment attribute, along with the
unit used to quantify it, is presented in Table 1.

The data on built environment attributes were
gathered from several sources. The data were
obtained, in 2015 and November 2020, from the Sao
Paulo Municipal Government’s public online library
of geospatial databases (GEOSAMPA - http://geo
sampa.prefeitura.sp.gov.br/PaginasPublicas/_SBC.
aspx), and cross-with databases of the specific muni-
cipal/state secretariats and laws/decrees. All attributes
were investigated for the years 2015 and 2020, using
the same methodology for both years.

Descriptive analyses

We undertook descriptive analyses of built environ-
ment attributes at four levels: (1) city, (2) health
administrative area (South, East, North, Southeast,
Downtown, and West) - not adjusted and adjusted
per inhabitants (see population in Table 2) quartiles of
census tracts’ income, and (4) buffers around the resi-
dences of the cohort members of the ISA - Physical
Activity and Environment’ (Florindo et al. 2021).

The descriptive parameters were calculated for all
built environment attributes by year. The absolute,
relative, and percentile differences between the para-
meters determined for 2015 and 2020 were also calcu-
lated for each scenario.

Data on population and census tract income were
obtained from the Brazilian Institute of Geography
and Statistics (IBGE, in Portuguese) which was based
on the 2010 census. For the fourth level, buffers
around the residences of the cohort members of the
ISA - Physical Activity and Environment, only those
who were successfully interviewed during both time
periods (2014/2015 and 2020/2021) were included.
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Table 2. Estimated population, in millions, used for adjusted
analyses considering the health administrative areas in Sao
Paulo city, Brazil.

2015 2020
Downtown 0.45 0.46
West 1.06 1.08
East 2.44 2.51
North 2.27 231
Southeast 2.69 2.71
South 2.68 2.80
Sao Paulo city 11.58 11.87

Source: Brazilian Institute of Geography and Statistics (IBGE)*>.

Table 3. Sample loss of the longitudinal ISA — physical activity
and environment study.

n %
Participants not located 1567 38.8
More than six scheduled interviews without success 382 9.5
Refusals 201 5.0
Relocation from Sao Paulo 149 37
Death 149 37
Younger than 18 years old 49 1.2
Others* 1M 2.7

* Inability to locomote due to a physical problem or illness, inability to
answer the questionnaire by themselves, pregnant women, and inter-
viewing interference by others.

To assess the built environment attributes, we cre-
ated four different buffers around the residences of the
cohort members of the ISA - Physical Activity and
Environment as follows: a 500 m radial buffer, 1,000 m
radial buffer, 500 m network buffer, and 1,000 m net-
work buffer. Radial buffers were adopted in baseline
studies associated with our study (Florindo et al. 2017,
2018, 2019). However, this method can be less accu-
rate, especially in areas with poor street connectivity
or natural or built barriers, such as rivers, lakes, or
subway/railway lines, because it does not consider
road systems. In contrast, the network bufter is closer
to the actual environment available to pedestrians and
cyclists once it considers the road network to be made,
including the pedestrian networks, such as stairs and
alleys (Sandalack et al. 2013). We adopted 500 and
1,000 m distances, for all buffers, because they are
frequently used (Kirtlan et al. 2003, Frank et al. 2005,
Rutt and Coleman 2005, Nelson et al. 2006,
McCormack et al. 2006, Berke et al. 2007, Florindo
et al. 2019) and represent distances that people can
access by foot within 15 min (McCormack et al. 2006).

For each buffer around the participants’ addresses,
we calculated the combination of presence or absence
of the built environment attribute in both periods
studied and grouped them into four categories: nega-
tive maintenance (— —) = absence of attribute for both
years (2015 and 2020); negative change (+ —) = pre-
sent in 2015 and absent in 2020; positive change (— +)
=absent in 2015 and present in 2020; positive main-
tenance (++) = present for both years.

All attributes were geocoded using ArcGIS Desktop
version 10.8.1. To calculate the differences in built

environment attributes, Stata MP 16.1, and SPSS 24.0
were used.

Results

Figure 1 shows population density by health adminis-
trative regions, inhabitants per square kilometer (1a),
the four quartiles of census tracts’ income (1b), and
ISA - Physical Activity and Environment participants’
geospatial location (Ic) in the city of Sao Paulo. As
shown in Figure 1(c), the sample is well distributed
across the residential areas of the city. It is also impor-
tant to highlight that the southern region is the least
populated area, with 69.8% of the area covered by
protected green regions and dams.

Population density is high in the downtown, east,
and southeast administrative regions (Figure 1(a)).
The income level is higher in the downtown and
lower in the peripheral regions, mainly in the south
and east (Figure 1(b)).

A total of 35.5% of the 2014/2015 sample remained
in the second-wave telephone survey. The causes of
sample loss were as follows in Table 3. Despite this
high sample loss, it is important to highlight that the
spatial pattern of home addresses across the city
remained similar at baseline and follow-up
(Figure 1(c)).

All built environment elements increased between
2015 and 2020 in Sao Paulo city (Table 4), with out-
door gyms (109.6%) and bike paths (67.7%) showing
the greatest changes. All figures with maps that com-
pare the built environment variables according to the
six health administrative areas between 2015 and 2020
are shown in the supplementary materials (Figures S1
to S8).

After the population size saw a greater increase
than the changes in some of the infrastructure, the
built environment attributes adjusted per million
inhabitants changed for the whole city (Table 4).

Table 5 shows the number of built environment
facilities and their absolute differences between 2015
and 2020 according to the quartiles of census tract
income. Additionally, Figure 2 shows the relative dif-
ferences. It is clear to see the disproportionality of
chances within and between the built environment
attributes.

We observed a greater increase in public square and
bike paths in the poorest regions than in the richest
regions. However, attributes, such as public squares,
bike paths, outdoor gyms, and large transportation sta-
tions, were found to be more abundant in the richest
regions.

Figure 3 shows the built environment items in the
home neighborhoods of the sample of adults in the
ISA - Physical Activity and Environment between
2014/2015 and 2020/2021.
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Figure 1. (a) population density of Sao Paulo, in inhabitants per square km, according to the six health administrative areas in
2020. (b) quartile of census tracts’ income. (c) home address of sample (n = 1434) that was evaluated in the second wave in 2020/
2021 of the ISA — physical activity and environment. All the figures were made using the software ArcGIS desktop version 10.8.1.
Geographic coordinate systems SIRGAS 2000, UTM projection, fuse 23 South.

Table 4. Amount of built environment facilities, and their percentage difference between 2015 and 2020, adjusted per million

inhabitants for Sao Paulo city, Brazil.

Sao Paulo city

Sao Paulo city (adjusted per million of inhabitants)

2015 2020 % diff 2015 2020 % diff
Public squares (km?) 10.30 11.20 8.74 0.89 0.94 6.10
Parks (km?) 19.70 20.10 2.03 1.70 1.69 -0.44
Sport facilities 100 112 12.0 8.634 9.436 9.3
Community clubs 286 293 24 24.69 24.68 0.0
Outdoor gyms 311 652 109.6 26.85 54.93 104.6
Bike paths (km) 436.2 7314 67.7 37.66 61.62 63.6
Train, subway stations and bus terminals 156 180 15.4 13.47 15.16 12.6
Primary health care units 457 470 2.8 39.46 39.6 0.4

% diff= Percentage difference between 2015 and 2020.

Table 5. Amount of built environment facilities and their absolute differences between 2015 and 2020, according to the quartiles

of census tracts’ income.

Poorest 2" quartile 3" quartile Richest

2015 2020  diff 2015 2020  diff 2015 2020  diff 2015 2020  diff
Public squares (km Malta et al. 2017) 084 1.01 0.17 234 279 045 3.27 344 047 3.86 396  0.09
Parks (km Malta et al. 2017) 6.6 6.7 0.15 499 500 0.01 1.57 1.57 0.00 6.04 6.27 0.23
Sport facilities 27 29 2 23 28 5 24 27 3 26 28 2
Community clubs 41 56 15 88 82 -6 113 115 2 43 40 -3
Outdoor gyms 55 116 61 83 176 93 107 221 114 66 139 73
Bike paths (km) 289 531 242 83.1 1621 79.0 1450 2256 80.6 1789 2904 1115
Train, subway stations and bus terminals 9 1 2 30 35 5 43 46 3 74 88 14
Primary health care units 149 155 6 144 147 3 108 m 3 56 57 1

diff= absolute difference between 2015 and 2020.

We detected a higher percentage of ‘positive main-
tenance’ or ‘positive changes’ status for the public
squares, outdoor gyms, bike paths, and primary health
care units. For example, considering the 500 m radial
bufter, 78.8% of the sample had at least one public
square inside the buffer in both years, while, for 4.3%,
it was absent in 2015 and present in 2020.

Discussion

The results of this study showed that the number of
built environment facilities for physical activity

promotion in the city of Sao Paulo increased
between 2015 and 2020. Areas such as public
squares, sports facilities, outdoor gyms, and bike
paths increased reaching regions with greater social
inequalities and higher population density.
However, we had a small increase in big green
areas like parks. In addition, the sample from ISA-
Physical Activity and Environment study had
a substantial number of public squares, primary
health care units, outdoor gyms, and bike paths
up to 1,000m from your homes but not parks
and transportation stations.



6 (&) 1. P.TEIXEIRA ET AL.

Frmary bl Lo sty
T i by abil i vl st vl
B Pl e

Mlthoet e

HEs - - (5 Y 1 AT

Relaine dffeenors between JELS 0 FOOD W)

futmd W bl ousitie B Jnfguaiilis (@ Fmee

Figure 2. Relative differences of built environment facilities between 2015 and 2020, according to the quartiles of census tracts’

Income.
Radial Buffers
500m 1000m
Prormiaiy leah® cam ieats (I S Py beath cpre wnit [
Trdin i wibiay Mo wnd bus termaal (I B (e o sty staios and b sereines NN
Blke Faile (I B e (I
Cutscor g I [Er—
Lommunny dubs [ sty Ut [ S
spoets taclinies (N S Sports facilties I
s S ok . (S
US| Pubic e
il e & o L) o 20 40 #il Al s}
Network Buffers
500m 1000m
Premay heah® cam een (I Py Feath cwe ats (T
Tratdes i bty ilal e oot biid iy I . |, sty slatmm sl o teemas [
Blkn: Pt — ke Pt S
Lo gy [ Outcoor gy I
Comminmy dubs I I ]
o el ke | — et fariiies I E—
P —— . | |
ki s I Pubilc s
i [h} =l & L] HE a i io ) B 1
| B +=— H—+ B++

absenre of witrilmtes fow Bofh yes, +
present i bolli year

——MNrgaiive mamivnnsce
peesend m 2020« o« Paolllve sealilemsies

- mEgninT CRARge

prewet in 2005 sod absent n 2020 —+ Postiive change = shaeml in 2015 sl

Figure 3. Percentage of the home address of adults of “ISA — physical activity and environment” (n = 1434), according to presence
or absence of built environment facilities between 2015 and 2020, by type and size of buffers.

Access to and quality of green spaces have been
associated with higher levels of leisure-time physical
activity (Florindo et al. 2019, Helena et al. 2017). We
found a substantial increase in the number of public
squares in Sao Paulo city (8.7%) and in regions of low
socioeconomic levels, but not parks (2.0%). In the last

5 years six new parks have been implemented: three in
the southern region, two in the west, and one in the
east. According to the New Master Plan, Sao Paulo
must prioritize new parks. According to a recent study
comparing 25 cities in 19 countries, 74.1% of city
residents in high-income countries have access, <500



m walking distance, to large open public spaces with
green areas larger than >1.5hectares, compared to
only 41.5% for cities in middle-income countries. For
Sao Paulo city, this value is even discrepant — only
15.5%, showing the emerging necessity to invest in
increasing the number of parks in Sao Paulo (Boeing
et al. 2022). Green areas can have many benefits, not
only for physical activity but also for improved air
quality, mental health (Beyer et al. 2014), cognitive
function, reduction of cardiovascular diseases, reduc-
tion of the prevalence of type 2 diabetes, and reduction
of all causes of mortality (World Health Organization.
Regional Office for Europe 2016). Additionally, the
addition of green urban infrastructure can contribute
to the direct and indirect achievement of Sustainable
Development Goal targets by potentially impacting
water management, flood reduction, carbon storage
and removal, reduced energy use in buildings, air
quality improvement, social benefits, ecological bene-
fits, and human health and well-being benefits
(Blicharska et al. 2019). Cerin and colleagues, studying
more 11,615 adults living in 14 cities across ten coun-
tries, show that reduced distance to the parks is asso-
ciated with more physical activity (Cerin et al. 2022).

An increased number of sports facilities was
observed within the 5years in the city of Sao Paulo,
Brazil, mainly in 2" income quartiles of regions. This
is important for leisure-time physical activity promo-
tion, because some recreational facilities include gyms,
swimming pools, sports fields, track fields, and physi-
cal education professionals with free public classes
(Van Cauwenberg et al. 2018). Furthermore, looking
at the city as a whole city, the increase in community
clubs was smaller than the increase in sports facilities
(12.0% vs. 2.4%). When considering the income con-
text, the poorest region was prioritized, with an
increase of 37% in community clubs, that are impor-
tant to support social organizations focused on pro-
moting physical activity among people living nearby
(World Health Organization 2018).

The outdoor gyms showed the largest increase in
number between 2015 and 2020, at all levels of our
analysis and in all income levels of regions. The effects
of these structures on population physical activity
levels are inconclusive, but there are some evidences
that these facilities may improve physical activity, fit-
ness, and other health-related outcomes (Jansson et al.
2019, Battistel et al. 2021). We found that in Sao Paulo
city, outdoor gyms are located mainly near (less than
30 m from) the public squares (537 of the 652 outdoor
gyms are inside this range), and future inferential
analysis should consider this overlap. In this sense, it
is necessary to better define what and where the out-
door gyms are, so that better comparative studies can
be carried out between cities. For example, in the case
of Sao Paulo, according to data from the Lancet Series,
more than 70% of the population has access to open

CITIES & HEALTH e 7

public spaces that also include squares. These results
are closer to cities in high-income countries, such as
Melbourne, Sydney, Cologne, Odense, Ghent, Ber,
Lisbon, Barcelona and above cities in high-, middle-
and low-income countries, such as Baltimore,
Phoenix, Seattle, Hanoi, Chennai, Bangkok,
Maiduguri, and Mexico.

Bike paths increased across the city 67.7%, mainly
in the East (97.0%) and North (76.2%) regions, and in
the poorest regions of the city (84% poorest quartile
and 95% 2" quartile). These facilities are related to
leisure-time walking, running, and with bicycles for
transportation (Florindo et al. 2017, 2018, 2019). This
reflection was one of the most important results from
policies like the New Master Plan and in the Urban
Mobility Plan and can contribute to promote physical
activity, with the decrease air pollution, and with road
traffic safety (Salvo et al. 2021). In this aspect, we
believe that Sao Paulo is in the right way, once making
environments convenient and safe for cycling is cru-
cial to achieve the equity, especially for those with low
socio-economic status (Salvo et al. 2021). The city of
Santiago (Chile), although presented a similar relative
bicycling infrastructure increase, (62% from 2003 to
2019), did not addressed the equity question once the
most bicycle lanes were concentrated in central region
where middle- and upper-middle income groups live
(Mora et al. 2021).

Within the 5 year time frame of this study, 24 new
train/subway stations and bus terminals were created,
mainly in the southeast and the richest regions (n =
14). Comparing Sao Paulo with other cities, more than
90% of the population has access to a public transport
stop with regular service every 20 min or less, value
higher than Australian cities and all cities in low- and
middle-income countries (Boeing et al. 2022). Access
to large public transit stations near residences is
related to walking and cycling for transportation
(Florindo et al. 2018, 2019, Hino et al. 2014). It is
very important to continue to prioritize public transit
across the city because it supports a type of physical
activity that is very common and easy for most of the
population and decreases car dependency
(Nieuwenhuijsen 2020), mainly in South and East
regions. In this sense, Kdrmeniemibased and collea-
gues, based on a systematic review of longitudinal
studies and natural experiments, show that proximate
public transportation increases physical activity and
reinforces the importance of investments in this kind
of infrastructure (Kirmeniemi et al. 2018). Other fac-
tors, such as transport speed and service frequency are
also stronger predictors of walking (Arundel et al.
2018), and they are also considered a policy target
for Sao Paulo (Lowe et al. 2022).

We did not observe any changes in the number of
primary health care units. However, we found that
there are 470 units across the city, mainly in the
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eastern and southern regions. Many of these units
have initiatives to promote physical activity imple-
mented by physical education professionals and are,
therefore, very important for leisure time and walking
for transportation (Florindo et al. 2019, Helena et al.
2017, Gomes et al. 2014). For example, the most
import program of physical activity promotion in
Brazil is implemented in the Unified Public Health
System Brazil (‘Sistema Unico de Satide - SUS’) with
actions developed in primary health care units in
Brazil (Programa Academia da Saude 2011).

From the perspective of the participants, indepen-
dent of the type and size of the buffers, more than 60%
of the ISA-Physical Activity and Environment study
had positive changes in the availability of public
squares, primary health care units, outdoor gyms, and
bike paths in the 1,000 buffers. However, the most of
sample had low access to parks and transportation
stations, trains, subway, and bus terminals. Thus, the
next step is to investigate if, and how much, these
environmental changes affect the people behavior,
such as physical activity, and health, such as incidence
of obesity, mental and cardiovascular diseases.

This study has some limitations. There was only
a descriptive study that only quantified the facilities
and did not evaluate their quality, which is also impor-
tant for promoting physical activity. For example,
some bike paths available in the GEOSAMPA library
could be deteriorated or unusable. Parks and sports
facilities can have equipment differing in quality.
There could be errors in the outdoor gym numbers
owing to the lack of data available in the GEOSAMPA
library. We also found that some datasets (e.g. the free
GEOSAMPA library) had considerable missing data
(e.g. public squares). Missing data are not uncommon
and have been demonstrated in studies from other
countries (Withehead et al. 2021, Hooper et al. 2013,
Boone et al. 2008). Fortunately, the data describing the
built environments in our study were complete and
robust. Finally, the estimated population and tract
income was based on the last available census, in
2010, but adjusted to 2015 and 2020.

Conclusions

This paper shows important changes in built environ-
ment facilities for physical activity promotion in Sao
Paulo city. Outdoor gyms (+109.6%), bike paths
(+67.7%), train, subway stations, and bus terminals
(+15.4%), and sports facilities (+12.0%) were the attri-
butes that grew the most between 2015 and 2020.
These facilities had increased in low socioeconomic
areas and in higher population density places.
However, there was a small increase of parks. For the
sample of ISA-Physical Activity and Environment
study, the results showed good changes (+60%) in
the number of public squares, primary health care

units, outdoor gyms, and bike paths from 1,000 m
your residences. However, there was low access to
parks and transportation stations.

We consider this monitoring important to verify
whether policies such as the New Master Plan, Urban
Mobility Plan, and Statute of Pedestrian are being
executed effectively. In addition, this paper supports
the important discussion of the inclusion of health
goals and targets in planning policies, like increasing
physical activity in leisure-time, walking, and cycling
for transportation, and decreasing obesity and mental
health problems according to healthy cities (Giles-
Corti et al. 2016). In this sense, future research can
investigate whether these changes and different built
environments are associated with changes in health
outcomes and use new indicators according to Urban
Design, Transport and Health series (Giles-Corti et al.
2022). Finally, changes in the built environment for
physical activity promotion are important because
they support the Sao Paulo Declaration on Planetary
Health (Myers et al. 2021) and will help to achieve
sustainable development goals (United Nations
Department of Economic and Social Affairs 2020)
and to build a city that is better and fairer for people.

Highlights

e Outdoor gyms, bike paths, public transportation stations,
sports facilities, and public squares increased over 5
years.

® The cohort sample was more exposed to public squares,
outdoor gyms, bike paths, and primary health care units.

e Bike paths, public transportation stations, and public
squares were more prevalent in high-income than low-
income regions.
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