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A B S T R A C T

Introduction: Active travel surveillance in Latin American is scarce and concentrated in a few
countries. Surveillance of transport cycling in Chile is critical to document, to serve as a baseline
from which to measure future planned strategies to increase transport cycling. This study aimed
to document the prevalence of transport cycling in urban-dwelling Chilean adults and to examine
factors associated with transport cycling in this population.
Methods: Data were collected from two cross-sectional National Environmental Surveys. Surveys
were administered through a computer-assisted telephone interview system to representative
samples of adult residents of the 15 regional capital cities in 2014 (n= 5057) and 2015
(n=5664). Multivariable, multi-level logistic regression modelling was used to assess correlates
of bicycling as the primary transport mode (yes, no) in the total sample and separately by sex.
Results: Transport cycling was reported by 7% of participants in 2014 and 2015. The highest
prevalence estimates were found in males (9–10%), participants aged 18–24 years (12%), par-
ticipants of low socioeconomic status (7%), and participants living in cities with warm summers
and mild winters (8–9%). Low socioeconomic status was associated with greater likelihood of
cycling in men (OR: 1.75 (95%CI 1.35–2.28), p < 0.001) but with reduced likelihood of cycling
in women (OR: 0.68 (95% CI 0.52–0.91), p= 0.009). Associations between environmental fac-
tors and transport cycling were stronger in women than in men.
Conclusions: Transport cycling prevalence in Chile is low compared to other Latin American
countries. Associations between environmental factors and transport cycling differed by gender.
City planners should consider how environmental factors influence gender inequalities in
transport cycling in their cities.
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R E S U M E N

Introducción: La vigilancia del transporte activo en Latinoamérica es escasa y concentrada en
pocos países. Es crítico documentar la vigilancia del transporte en bicicleta en Chile para pre-
sentar una base desde la cual se puedan medir las estrategias planificadas para incrementar esta
modalidad de transporte. Este estudio está dirigido a documentar la prevalencia del transporte en
bicicleta en chilenos adultos que residen en zonas urbanas y examinar los factores asociados con
el transporte en bicicleta en esta población.
Métodos: Los datos fueron recolectados de dos encuestas nacionales de medioambiente de corte
transversal. Las encuestas se administraron a través de un sistema de entrevistas telefónicas
asistidas por computadora a muestras representativas de residentes adultos de las 15 ciudades
capitales regionales en 2014 (n=5057) y 2015 (n=5664). Se utilizaron modelos multivariados
de regresión logística multinivel para evaluar los factores asociados al uso de bicicleta como
modo de transporte primario (sí, no) en la muestra total y separado por sexo.
Resultados: El 7% de los participantes reportó usar la bicicleta como transporte primario en 2014 y
2015. Las estimaciones de prevalencia más altas se encontraron en hombres (9–10%), participantes
de 18 a 24 años (12%), participantes de bajo nivel socioeconómico (7%), y participantes que viven
en ciudades con veranos cálidos e inviernos moderados (8–9%). El bajo nivel socioeconómico se
asoció con una mayor probabilidad de usar la bicicleta en los hombres (OR: 1.75 (IC del 95%:
1.35–2.28), p < 0.001), pero con una probabilidad menor de uso de bicicleta en las mujeres (OR:
0.68 (IC del 95%: 0.52–0.91), p=0.009). Las asociaciones entre los factores ambientales y el uso
de bicicleta como transporte fueron más fuertes en las mujeres que en los hombres.
Conclusiones: La prevalencia de uso de bicicleta como medio de transporte primario es baja en
comparación con otros países de América Latina. Las asociaciones entre los factores ambientales
y el transporte en bicicleta difieren según sexo. Los planificadores urbanos deben considerar
cómo los factores ambientales influyen en las desigualdades de sexo en el transporte en bicicleta
en sus ciudades.

R E S U M O

Introdução: A vigilância do transporte ativo na América Latina é escassa e concentrada em alguns
países. Desta forma, é fundamental registrar os achados relacionados ao uso de bicicletas como
transporte ativo no Chile para apresentar uma base, a partir da qual, seja possível medir as estratégias
planejadas para aumentar o uso deste meio de transporte. Este estudo tem como objetivo documentar
a prevalência do uso de bicicletas para transporte em adultos chilenos residentes em áreas urbanas e
examinar os fatores associados ao uso de bicicletas para transporte nesta população.
Métodos: Os dados são provenientes de duas pesquisas nacionais, ambientais e transversais. Os
inquéritos foram administrados através de um sistema de entrevistas telefônicas assistidas por
computador, em amostras representativas de residentes adultos das 15 capitais regionais em
2014 (n=5057) e 2015 (n= 5664). Foram utilizados modelos multivariados de regressão
logística multinível, para avaliar os fatores associados do uso de bicicleta como transporte
primário (sim, não) na amostra total e separadamente por sexo.
Resultados: Dos participantes que relataram o uso de bicicletas como transporte primário em
2014 e 2015 totalizaram 7%. As estimativas da prevalência mais elevados foram encontrados em
homens (9–10%), participantes com idades de 18 a 24 anos (12%), participantes de baixo nível
socioeconômico (7%), e participantes que vivem em cidades com verões quentes e invernos
moderados (8–9%). Baixo nível socioeconômico foi associado com uma maior probabilidade de
ciclismo por homens (OR: 1.75 (IC 95%: 1.35–2.28), p < 0.001), mas com uma menor proba-
bilidade de utilização da bicicleta por mulheres (OR: 0.68 (IC 95%: 0.52–0.91), p=0.009). As
associações entre fatores ambientais e o uso de bicicletas como transporte foram mais fortes em
mulheres do que nos homens.
Conclusões: A prevalência do uso de bicicletas como principal meio de transporte é baixa em
comparação com outros países da América Latina. As associações entre fatores ambientais e
transporte de bicicleta diferem por sexo. Os planejadores urbanos devem considerar como os
fatores ambientais influenciam as desigualdades de gênero no uso de bicicletas para transporte
em suas cidades.

1. Introduction

The association between low levels of physical activity (PA) and both chronic diseases and premature mortality are well docu-
mented in the literature (Lee et al., 2012). Physical inactivity has been described as a worldwide pandemic (Kohl et al., 2012), which
suggests that strategies to increase PA levels are urgently needed in most countries. One effective strategy for increasing PA is the
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support and promotion of active transport (walking and cycling to get to and from places). Studies have shown that individuals who
use active modes of transport are more likely to meet PA recommendations than those who do not (Berrigan et al., 2006;
Hollingworth et al., 2015; Stewart et al., 2016; Titze et al., 2014).

Previous studies have also shown direct health benefits of active transport, with more significant benefits from cycling than from
walking (Fishman et al., 2015b; Hollingworth et al., 2015; Pucher et al., 2010). A recent UK study showed that commuter walking
and cycling are associated with reduced risk of cardiovascular disease incidence and mortality and that commuter cycling is ad-
ditionally associated with reduced risk of all-cause mortality and cancer incidence and mortality (Celis-Morales et al., 2017). The
greatest benefits of active transport were seen among commuter cyclists who cycled the farthest distances. Those findings support
those from an earlier study from the UK that indicated that individuals who cycle for more than the 150min/week, as recommended
in current PA guidelines (World Health Organization, 2010), have reduced risks of hypertension, obesity and hypercholesterolemia
(Hollingworth et al., 2015). Studies from less developed countries also indicate associations. For example, studies in Chile suggest
that individuals who report using active modes of travel have lower risks of obesity, type 2 diabetes mellitus, hypertension and
metabolic syndrome (Sadarangani et al., 2018). Increasing the prevalence of transport cycling also increases the number of avoided
or postponed deaths per year (Fishman et al., 2015b; Rojas-Rueda et al., 2016) and reduces carbon dioxide emissions (Rojas-Rueda
et al., 2016). Health benefits can also be translated into economic outcomes: in the Netherlands health gains obtained from cycling
correspond to more than 3% of its gross domestic product (Fishman et al., 2015b).

The societal and environmental benefits of active transport encouraged the United Nations (2015) to set a target of providing
“safe, affordable, accessible and sustainable transport systems for all” by 2030 as one of its Sustainable Development Goals. The
meeting of that goal requires that “special attention [be paid] to the needs of those in vulnerable situations,” including women and
older adults. The Global Action Plan on Physical Activity (GAPPA) 2018–2030 has also highlighted the promotion of active travel
through the creation of active environments by strengthening the integration of urban and transport planning policies (Aguilar-Farias
et al., 2018; Foster et al., 2018; World Health Organization, 2018).

To monitor a country's progress in working towards this goal requires national surveillance of active transport behaviour.
However, monitoring of this behaviour is mostly being done in high-income countries, including the US, Australia, the UK, and
northern Europe (Bassett et al., 2008). A wide range in prevalence estimates for transport cycling is suggested by evidence from these
countries. For example, only 1% of the US population report a transport cycling trip (Nehme et al., 2016), while in the Netherlands
27% of all trips are made by cycling (Fishman et al., 2015a). Active travel surveillance in the Latin American and Caribbean (LAC)
region is concentrated in a few countries. A systematic review of 45 prevalence studies conducted in five LAC countries found most
studies in the literature were from Brazil with 62% (Sa et al., 2016b). Overall, the median prevalence of transport cycling in LAC was
3.2%, ranging from 1.3% in Paraná, Argentina to 16.0% in Recife, Brazil. Only one study in the review was Chilean.

Surveillance of transport cycling in Chile is critical to document, to serve as a baseline from which to measure future planned
strategies to increase transport cycling in that country. Currently, about 70% of people living in Chile are exposed to concentrations
of particulate material PM2.5 that exceed the average annual national norms (Ministerio del Medio Ambiente de Chile, 2014). For
both the general population and government authorities, knowledge of this health risk has contributed to raising awareness about the
environmental benefits that an increase in bicycle mode share could bring to cities (Sagaris, 2010, 2015). Also, for more than two
decades diverse, robust and organised pro-urban cycling advocacy groups have maintained their demands and permeated the
planning system (Sagaris, 2015). As a consequence, local authorities have begun to design and implement mobility plans that support
transport cycling (Ministerio de Transportes y Telecomunicaciones de Chile, 2018; Ministerio de Vivienda y Urbanismo de Chile,
2014, 2015a, b, c; Ministerio Secretaria General de Gobierno de Chile, 2014). In Chile, when the presidential period 2014–2018
started, political priority was given to a plan for building 190 km of high-quality cycle-paths and tripling the number of bicycle
parking spots in 32 cities across the country (Ministerio Secretaria General de Gobierno de Chile, 2014). For this purpose, the General
Ordinance of Urbanism and Construction was modified in 2014 (Ministerio de Vivienda y Urbanismo de Chile, 2014), and three new
manuals for designing infrastructure according to a new standard were issued in 2015 (Ministerio de Vivienda y Urbanismo de Chile,
2015a, b, c). With these transport changes planned, surveillance of transport cycling became critical.

To further meet the United Nation's active travel goal, it is also essential to document differences in transport cycling behaviour
across socio-demographic groups. Studies have shown that the prevalence of transport cycling differs across demographic char-
acteristics of individuals, including age (Nehme et al., 2016; Reis et al., 2013; UK Department for Transport, 2017b), gender (Nehme
et al., 2016; Reis et al., 2013; UK Department for Transport, 2017b), and educational level (Nehme et al., 2016; Reis et al., 2013;
Veisten et al., 2011). Environmental factors have also been found to influence transport cycling. These include geographic location
(Fishman et al., 2015a), population density (Nehme et al., 2016), and distance from home to urban amenities (Heesch et al., 2015).
However, associations between these individual and environmental factors with transport cycling have not been explored in scientific
studies conducted in Chile. Therefore, the primary aims of this study were to document the prevalence of transport cycling in a
representative sample of urban-dwelling Chilean adults and to examine the associations between individual and environmental
factors and transport cycling. With gender differences in cycling well established (Nehme et al., 2016; Reis et al., 2013; UK
Department for Transport, 2013), a secondary aim was to examine these associations separately for men and women.

2. Methods

Data for this study were collected for two cross-sectional National Environmental Surveys (NES), which were conducted in Chile
from October to December 2014 (Ministerio del Medio Ambiente de Chile, 2015) and from November to December 2015 (Ministerio
del Medio Ambiente de Chile, 2016). The NES was administered through a computer-assisted telephone interview system. It collected
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data on opinions, perceptions and behaviours related to environmental issues, including transport behaviours.
Stratified random sampling was used to ensure the representativeness of the sample regarding gender, age and socio-economic

status (SES) (Ministerio del Medio Ambiente de Chile, 2015, 2016). The sampling frame was all landline and mobile phones numbers
located in each of the 15 regional capital cities. Only residents aged 18 years and older were eligible. The NES 2014 and 2015 had an
absolute error of± 1.4% and±1.3%, respectively.

The University Human Research Ethics Committee assessed this research as meeting the conditions for exemption from HREC
review and approval in accordance with section 5.1.22 of the National Statement on Ethical Conduct in Human Research (The
National Health and Medical Research Council, 2007).

2.1. Study variables

To access transport cycling behaviour, interviewers asked participants, “What is your main transport mode?“. Participants who
responded “bicycle” were considered transport cyclists (coded 1 for analysis), and participants who reported another mode were
considered not to be transport cyclists (coded 0 for analysis). The NES also captured participants’ genders, ages and SES. SES was a
composite variable derived from a matrix that accounted for the highest educational level of the head of household, the occupation of
the head of household, and household per capita income (Asociacion Chilena de Empresas de Investigacion de Mercado, 2008). Based
on this classification matrix some common characteristics among participants with low SES are complete primary or secondary
education only, having a job that does not require formal training and mean household income of about USD$ 450. Most medium SES
participants are characterized by having tertiary education but mostly technical degree, a job that requires formal training and a
mean household income of about USD$ 2200. Participants from high SES are commonly represented by those that completed uni-
versity degrees, work in places that require formal training and have a mean household income of about USD$4000.

Environmental characteristics of the cities within which participants resided were collected from publicly-available government
data sources. The population size of each capital city was obtained from the 2017 National Census (Instituto Nacional de Estadísticas,
2018). Because these data were last collected in 2002, it seemed reasonable that the 2017 data would better reflect the populations in
2014 and 2015. The population size for those capital cities was calculated by accounting for the population of every district that
composed each capital city. Population density was calculated as the total population size divided by the area of each capital city
(Instituto Nacional de Estadísticas, 2017). City-level total summer and winter rainfall (mm) and average daily summer and winter
temperatures (°C) were extracted from data produced by the Center for Climate and Resilience Research (CR2) (2018). The rainfall
data were used to categorise cities based on the distribution of seasonal rainfall across them (categories in Table 2). The temperature
data were used to create a ‘climate’ variable that reflected average temperatures in summer and winter (categories in Table 2).

2.2. Data analysis

Stata version 15 (StataCorp. College Station, TX, USA) was used for analysis. The analysis accounted for population-level
weighting of each observation by age, gender and SES, and the clustering of participants within 15 regions. For each year of col-
lection, sample characteristics were described using categories and percentages. The prevalence of transport cycling was calculated
separately for each individual and environmental factor, using the svy command in Stata. The two years of data collection were then
combined to assess associations between individual and environmental factors and being a transport cyclist in the whole sample and
separately for men and women. For analysis, multivariable multi-level logistic regression modelling (melogit command) was used.
Participants were clustered within the region, and the year of data collection was treated as a random effect within the region. Robust
standard errors were computed. Initial models (Model 1) included the individual-level factors only. Final models (Model 2) also

Table 1
Characteristics of the sample in the National Environmental Survey Ministerio del Medio Ambiente de Chile, 2014, 2015.

2014 (n= 5057) 2015 (n=5664)

n % Weighteda

%
n % Weighteda1

%

Sex
Male 2029 40.1 48.9 2602 45.9 47.6
Female 3028 59.9 51.1 3062 54.1 52.4

Age group, years
18-24 540 10.7 13.3 548 9.7 14.7
25-34 924 18.3 22.9 1216 21.5 24.9
35-44 821 16.2 16.0 1070 18.9 17.1
45-54 1066 21.1 20.8 1065 18.8 21.4
≥55 1706 33.7 27.1 1765 31.2 21.8

Socio-economic status
High level 785 15.5 10.9 2702 47.7 24.7
Medium level 1348 26.7 18.5 1822 32.2 23.7
Low level 2924 57.8 70.6 1140 20.1 51.7

a Weighted by age, gender, and socio-economic status.
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included the environmental factors. Separate models were created for each environmental variable due to multicollinearity among
the environmental variables. The significance level was set at< 0.05.

3. Results

In total, 5057 and 5664 adults were included in the NES 2014 and NES 2015, respectively. Sample characteristics are shown in
Table 1. Cycling for transport was reported by 6.7% of the sample in 2014 and 6.6% in 2015 (see Table 2). The highest prevalence
estimates in both years were found in males, participants aged 18–24 years, and residents of cities with warm summers/mild winters)
and with moderate to high population densities (100 + people/km2) (Table 2).

As shown in Table 3, women were less likely than men to cycle for transport (p < 0.001), and participants aged ≥25 years were
less likely to cycle for transport than those aged 18–24 years (p≤0.001). Participants of medium or low SES were more likely to
cycle for transport than were those of high SES (p= 0.040 and p= 0.010, respectively). When genders were modeled separately,
notable gender differences were seen: the dose-response relationship between age and transport cycling was more pronounced in

Table 2
Prevalence of cycling for transport in Chile by subgroup: National Environmental Survey Ministerio del Medio
Ambiente de Chile, 2014 (N=5057) and 2015 (N=5664).

NES2014 NES2015

% (95% CI)a % (95% CI)a

Overall 6.7 (5.7–7.9) 6.6 (5.4–8.0)
Sex
Male 10.2 (8.3–12.4) 9.3 (7.2–11.9)
Female 3.3 (2.6–4.3) 4.1 (3.1–5.3)

Age group, years
18-24 11.7 (8.2–16.4) 11.6 (7.5–17.4)
25-34 7.8 (5.9–10.3) 6.4 (4.6–8.8)
35-44 7.1 (4.6–10.8) 5.5 (3.8–7.8)
45-54 8.0 (5.5–11.5) 7.7 (4.8–12.1)
≥55 2.0 (1.3–3.1) 3.2 (1.9–5.2)

Socio-economic status
High level 6.1 (4.1–9.1) 5.2 (3.9–6.8)
Medium level 6.2 (4.5–8.5) 7.3 (5.7–9.3)
Low level 6.9 (5.6–8.4) 6.9 (5.0–9.4)

Climateb

Warm summers, mild winters 8.8 (7.2–10.7) 8.2 (6.3–10.5)
Moderate summers, mild winters 4.0 (2.8–5.7) 5.2 (3.9–6.9)
Cool summers, cool winters 3.3 (2.1–5.1) 2.6 (1.3–5.0)

Total summer rainfall (mm)c

≥200 2.5 (1.5–4.2)
100-199 6.6 (4.7–9.2)
< 100 7.1 (5.9–8.6)

Total winter rainfall (mm)
≥1000 4.3 (2.8–6.6) 1.6 (0.4–5.2)
200-999 9.0 (7.4–10.9) 7.0 (5.5–8.8)
100-199 6.9 (5.0–9.5) 13.7 (8.3–21.9)
< 100 4.0 (2.9–5.4) 4.7 (3.2–6.8)

Population size
≥1,500,000 7.4 (5.3–10.3) 7.4 (5.3–10.3)
500,000–1,000,000 3.9 (2.5–5.9) 3.9 (2.5–5.9)
200,000–499,999 7.4 (5.6–9.7) 7.4 (5.6–9.7)
< 200,000 4.9 (3.3–7.2) 4.9 (3.3–7.2)

Population density (inhabitants/km2)
≥1000 6.6 (5.0–8.7) 7.2 (5.3–9.8)
250-999 7.6 (5.9–9.7) 7.8 (5.2–11.4)
100-249 7.7 (6.0–9.7) 7.3 (5.0–10.6)
25-99 3.4 (2.1–5.4) 5.0 (3.0–8.2)
< 25 3.1 (2.1–4.4) 3.5 (2.2–5.6)

Note. CI= confidence interval.
a Weighted by age, gender, and socio-economic status.
b Climate reflects summer and winter high temperatures of a city. Average summer high temperatures were for the

months of January to March and October to December: in cities with the warmest summers= 25–28 °C; in cities with
moderate summers=21–24 °C; in cities with the coolest summers= 13–20 °C. Average high winter temperatures
were for the months of April to September: in cities with mild winters= 15–28 °C; in cities with cool
winters= 7–18 °C.

c The analysis included data only from 2014 because the capital cities received almost no rain in the summer of
2015 (range across cities: 0–0.5mm).
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women than in men, and low SES was associated with greater likelihood of cycling in men (p < 0.001) but with reduced likelihood
of cycling in women (p=0.009).

Table 4 shows that living in a city with moderate summers/mild winters or cool summers/cool winters was associated with
reduced likelihood of transport cycling, compared with living in a city with warm summers/mild winters (p < 0.001). Findings were
similar in men (p < 0.001) and women (p≤0.001) although the dose-response was more pronounced in the women. Compared
with residing in a city with the most summer rainfall (≥200mm), residing in a city with lower levels of summer rainfall was
associated with a greater likelihood of transport cycling in the men (p < 0.05) and women (p < 0.05) when modeled separately.
Findings were not significant when men and women were modeled together (100–199mm of rain: p= 0.054;< 100mm: p= 0.71).
Compared with residing in a city with the most winter rainfall (≥1000mm), residing in a city with lower levels of summer rainfall
(100–199mm) was associated with a greater likelihood of transport cycling in the total sample, and in men and women when
modeled separately (p < 0.05).

Residing in a city of 500,000–1,499,999 or< 200,000 inhabitants was associated with a decreased likelihood of transport cycling
compared with residing in a city of ≥1,500,000 in the total sample (p= 0.001) and the men (p < 0.05). In the women, a reduced
likelihood of transport cycling was seen only in those living in cities of< 200,000 inhabitants (p < 0.001). Last, residing in a city
of< 100 inhabitants/km2 was associated with a decreased likelihood of transport cycling compared with residing in a city ≥1000
inhabitants/km2, both in the total sample (p < 0.05) and in men (p < 0.05). For women, residing in a city of< 25 inhabitants/km2

was associated with a decreased likelihood of transport cycling (p < 0.001).

4. Discussion

This study is the first to assess the prevalence of transport cycling in Chile. Data from two consecutive national surveys were used.
The study also examined the associations between individual and environmental factors with transport cycling. Key findings were
that the prevalence of transport cycling was 7% in both survey years and that the factors associated with a reduced likelihood of
transport cycling included female gender, older age, high SES and low population density. Living in a city with moderate summers
and mild winters or a city with cool summers and winters was also associated with less likelihood of cycling for transport compared
with living in a city with warm summers and mild winters. Men and women living in cities with the most rainfall in summer or winter
were less likely to cycle for transport than those living in cities with less rainfall. Moreover, those living in the smallest cities
(< 200,000 inhabitants) were less likely to cycle for transport compared to those living in the largest cities (≥1,500,000).
Associations between environmental factors and transport cycling were stronger in women than in men.

The prevalence of transport cycling was lower than that reported in other Latin American countries with similar economic
development, such as Brazil and Colombia (Gómez et al., 2005; Reis et al., 2013; Sa et al., 2016b), and in European countries, such as
the Netherlands, Belgium, Hungary and Denmark (Bassett et al., 2008; Mertens et al., 2016). However, Chile has a prevalence of
transport cycling similar to that of the UK (6.0%) (UK Department for Transport, 2017b) and higher prevalence than that observed in
Australia (about 2%) (Turrell et al., 2018) and the US (1.0%) (Nehme et al., 2016).

As has been shown in other low-cycling countries (Nehme et al., 2016; Reis et al., 2013; Sa et al., 2016b; Titze et al., 2014; UK
Department for Transport, 2017b), women were less likely to cycle for transport than men and transport cycling decreased with

Table 3
Associations between socio-demographic factors and transport cycling in Chile.a

Total sample Men Women

OR (95% CI) OR (95% CI) OR (95% CI)

Sex
Male (ref) 1.00
Female 0.38 (0.30–0.49)

Age group, years
18–24 (ref) 1.00 1.00 1.00
25-34 0.60 (0.45–0.80) 0.59 (0.37–0.95) 0.62 (0.35–1.08)
35-44 0.52 (0.38–0.72) 0.53 (0.39–0.72) 0.50 (0.27–0.94)
45-54 0.68 (0.55–0.85) 0.76 (0.60–0.96) 0.54 (0.34–0.84)
≥55 0.23 (0.15–0.36) 0.26 (0.15–0.45) 0.18 (0.09–0.36)
Trend p-value p < 0.001 p < 0.001 p < 0.001

Socio-economic status
High level (ref) 1.00 1.00 1.00
Medium level 1.31 (1.01–1.70) 1.39 (1.12–1.71) 1.19 (0.61–2.32)
Low level 1.30 (1.06–1.59) 1.75 (1.35–2.28) 0.68 (0.52–0.91)
Trend p-value p=0.007 p < 0.001 p=0.004

Note. CI= confidence interval. OR= odds ratio.
a All three independent variables were included in the total sample model. Age and socio-economic status were included in the separate

models of men and of women. All models accounted for weighting by sex, age and socio-economic status and for clustering within region. Year
served as a random effect variable within region. For the two ordinal variables, age and socio-economic status, statistical testing for a linear trend
across categories was done, and the p-values are displayed here.
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increasing age. The dose-response relationship with age was more pronounced for women than men. This finding may be explained
by the fact that in Chile, older women are less likely than younger women to be in the workforce (Instituto Nacional de Estadísticas,
2018), and therefore, their need to ride for transport is potentially less. Another explanation is that older women may avoid cycling in
traffic to get to work more than other demographic groups do. Previous research suggests that more women than men consider
themselves ‘beginner cyclists’ (Akar et al., 2011) and fear having an accident while riding (Oja et al., 1998). This concern about
cycling in traffic may become more prevalent in older age, when their cardiovascular fitness, balance and strength declines.

The likelihood of cycling for transport was higher among participants of low to medium SES than among participations of high
SES, as found in other studies conducted in Latin American countries (Reis et al., 2013; Sa et al., 2016a). This contrasts with findings
from other high-income countries outside of this region that showed the likelihood of cycling for transport to be greater in individuals
of high SES than of lower SES (Heesch et al., 2015; UK Department for Transport, 2017a). An interesting finding of the current study
was that when men and women were modeled separately, this inverse association held for men but not for women. Instead, women of
low SES were found to be less likely to cycle for transport than were women of the highest SES. This difference between the genders in
the association between SES and transport cycling may be explained by findings of previous studies indicating that men of lower SES
are the least likely to be able to afford a car and thus may rely on the bicycle for transport (Heesch et al., 2015), while women of low
SES are least likely to work outside of the home, as they are expected to maintain the traditional female roles of childcare and
household duties (Instituto Nacional de Estadísticas, 2018; Stuven et al., 2013), and thus are in less need of a bicycle for transport.
Also, women living in disadvantaged neighbourhoods may perceive that cycling is unsafe if they have not been given opportunities to
learn to ride a bicycle, if local bicycle infrastructure (i.e., bicycle lanes or paths) is lacking or deficient, and if traffic conditions (i.e.
traffic speed and congestion) are perceived to be frightening (Heesch et al., 2012; Mertens et al., 2017).

Another finding of the current study was that transport cycling was more likely among men and women residing in cities with

Table 4
Associations between environmental factors and bicycle use for transportation in Chile.a

Total sample Men Women

OR (95% CI) OR (95% CI) OR (95% CI)

Climateb

Warm summers, mild winters (ref) 1.00 1.00 1.00
Moderate summers, mild winters 0.40 (0.26–0.61) 0.40 (0.25–0.65) 0.34 (0.18–0.63)
Cool summers, cool winters 0.27 (0.15–0.77) 0.32 (0.19–0.54) 0.14 (0.06–0.29)
Trend p-value p < 0.001 p < 0.001 p < 0.001

Total summer rainfall (mm)c

≥200 (ref) 1.00 1.00 1.00
100-199 2.37 (0.93–6.05) 2.43(1.07–5.49) 3.82 (1.10–13.23)
<100 2.34 (0.99–5.55) 2.36 (1.02–5.48) 3.79 (1.18–12.17)
Trend p-value p=0.159 p=0.167 p=0.193

Total winter rainfall (mm)
≥1000 (ref) 1.00 1.00 1.00
200-999 2.38 (1.06–5.33) 2.12 (0.95–4.73) 3.06 (1.13–8.29)
100-199 3.74 1.50–9.36) 3.34 (1.39–8.02) 4.57 (1.44–14.46)
<100 1.40 (0.65–3.00) 1.34 (0.61–2.92) 1.38 (0.48–4.01)
Trend p-value p=0.765 p=0.831 p=0.581

Population size
≥1,500,000 (ref) 1.00 1.00 1.00
500,000–1,499,999 0.51 (0.34–0.77) 0.45 (0.24–0.85) 0.58 (0.31–1.09)
200,000–499,999 0.86 (0.52–1.43) 0.89 (0.55–1.41) 0.95 (0.45–1.99)
<200,000 0.52 (0.35–0.76) 0.61 (0.40–0.92) 0.28 (0.18–0.45)
Trend p-value p=0.168 p=0.628 p=0.004

Population density (inhabitants/km2)
≥1000 (ref) 1.00 1.00 1.00
250-999 1.18 (0.62–2.26) 1.11 (0.54–2.28) 1.30 (0.60–2.81)
100-249 0.90 (0.48–1.72) 1.02 (0.55–1.87) 0.68 (0.25–1.86)
25-99 0.59 (0.39–0.91) 0.52 (0.39–0.70) 0.68 (0.22–2.08)
<25 0.45 (0.26–0.77) 0.53 (0.30–0.93) 0.29 (0.15–0.56)
Trend p-value p=0.003 p=0.011 p=0.001

Note. CI= confidence interval. OR=odds ratio.
a Separate models were created for each environmental variable due to multicollinearity among the environmental variables. Each environmental

variable served as an independent variable in a model, with adjustment for sex, age, and socio-economic status. Modelling accounted for weighting
by sex, age and socio-economic status and for clustering within region. Year served as a random effect variable within region. Statistical testing for
linear trends across categories of reach environmental variable was done, and the p-values are displayed here.

b Climate reflects summer and winter high temperatures of a city. Average summer high temperatures were for the months of January to March
and October to December: in cities with the warmest summers= 25–28 °C; in cities with moderate summers=21–24 °C; in cities with the coolest
summers= 13–20 °C. Average high winter temperatures were for the months of April to September: in cities with mild winters= 15–28 °C; in cities
with cool winters= 7–18 °C.

c The analysis included data only from 2014 because the capital cities received almost no rain in the summer of 2015 (range: 0–0.5mm).
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better climates (warm summers and mild winters) or moderate levels of rainfall. Other researchers have shown that weather con-
ditions play a crucial role in facilitating or hindering transport cycling (Flynn et al., 2012; Nankervis, 1999). Fishman et al. (2015a)
reported that cycling appears to be more affected than walking by weather conditions. Therefore, it was not unexpected to find that in
Chile, a country with a wide diversity of climates and geographical conditions, cycling prevalence differed from city to city.
Variability in these associations has been observed in other developed countries (Amiri and Sadeghpour, 2015; Böcker and Thorsson,
2014; Flynn et al., 2012).

Also, in the current study, associations between rainfall and behaviour were stronger for winter rainfall than for summer rainfall
and stronger for women than men. In Chile, rain is usually more prevalent in winter; therefore, it occurs when days are the shortest.
Women may feel less safe than men in riding a bicycle in rain and darkness, even in cities with mild winters. Indeed, in an Australian
study of cyclists, women were more likely than men to report “rainy or stormy weather” and “decreases in daylight hours during
winter months” to constrain their cycling (Heesch et al., 2012). As our study is the first to document an interaction between season
and rainfall, this association requires further investigation in our context, especially given that different policies to favour cycling for
transport over other transport modes are being enacted in different sociodemographic groups and regions (Ministerio de Transportes
y Telecomunicaciones de Chile, 2018; Ministerio de Vivienda y Urbanismo de Chile, 2015b).

Other environmental factors associated with transport cycling were population size and density. Participants residing in the
smallest (< 200,000 inhabitants) or least dense (< 100 inhabitants/km2) cities were less likely to cycle for transport than were those
in the largest (≥1.5 million) or most densely populated (≥1000 inhabitants/km2) cities, respectively. These findings support those of
previous research suggesting that population size and density should be considered in city planning as crucial factors that can lead to
behaviour and cultural change of a population (Dill, 2009; Hull and O'Holleran, 2014). For example, low population density has been
associated with low cycling rates in other countries, including the US, a low-cycling country, and the Netherlands, a high-cycling
country (Fishman et al., 2015a; Nehme et al., 2016; Saelens et al., 2003). Likewise, other researchers have found that greater urban
density and less sprawl are associated with more active travel behaviours (Saelens et al., 2003). Recently, Hamidi et al. (2018)
showed that residents of compact cities have higher life expectancies than those living in sprawling cities. Although the causal
mechanisms are unclear, factors that could reduce life expectancy in sprawling cities include higher traffic speeds, longer emergency
response times, lower quality and less accessible health care facilities, and less availability of healthy food in residential areas
(Hamidi et al., 2018). Also, Ewing et al. (2014) have suggested that developing more compact urban and suburban areas may have
positive effects on moderate-intensity PA, nutritional status, obesity, coronary heart disease, high blood pressure and diabetes. These
findings highlight the complexity in the relationships among environments, behaviours and health outcomes as these relationships
appear to be influenced by contextual factors, including economic development and policies, for example.

This study provides a broad understanding of cycling in Chile. To better understand cycling and its role as a travel mode,
surveillance of cycling in Chile should continue and include the collection of details about this behaviour (e.g., frequency and
duration of trips; use of cycling in conjunction with other modes). These data could be complemented by objective measurement of
cycling behaviour, such as with bicycle counters. Chile has recently placed bicycle counters on most publicly-funded bicycle lanes
(Ministerio de Vivienda y Urbanismo, 2018), as in other countries, to better understand daily and seasonal variability in cycling
(Rissel et al., 2010; Sayers et al., 2012; Uttley and Fotios, 2017). Collection of these types of data is critical for documenting the
influence of recent changes in policy and transport infrastructure on transport cycling. In 2014, the Chilean government began
investing in cycling infrastructure and adopting cycle-friendly policies (Ministerio de Vivienda y Urbanismo de Chile, 2015b).
Subsequently, a modification of the transport law was approved for implementation from November 2018 (Ministerio de Transportes
y Telecomunicaciones de Chile, 2018). Highlights of this law that could affect transport cycling rates include a reduction in the
maximum urban speed from 60 to 50 km/h and the requirement that motorists maintain a minimum distance of 1.5 m when passing
cyclists in all speed zones. Data on cycling behaviour could be combined with other data (e.g., spatio-temporal, seasonal and in-
frastructural) to inform future strategies for promoting transport cycling, as has been suggested by others (Böcker and Thorsson,
2014; Uttley and Fotios, 2017).

4.1. Strengths and limitations

A key strength of this study was the combination of survey data with objective environmental data. Another major strength was
the inclusion of two measurement periods to better capture the prevalence of transport cycling behaviour and the correlates of this
behaviour. Also, the surveys included large representative samples from each administrative region. However, it should also be noted
that the samples were drawn from capital cities, and the findings may not generalise to other, smaller communities. Another lim-
itation was that people aged 65 + years were grouped with people aged 55–64 years because there were too few bicycle riders aged
65 + years in the sample to be able to conduct our analyses without grouping people that age with younger people. Other limitations
included the use of a cross-sectional design and self-reported behavioural data although it should be noted that transport cycling
behaviour is typically self-reported in studies of cycling prevalence. Another limitation was the measure of transport cycling: the
question was broadly worded (about main travel mode). Details about transport cycling, including frequency and duration of trips
and how these changed over time, were not available, and the validity of the item is unknown.

5. Conclusion

The prevalence of transport cycling in Chile is low. Although it is higher than in some other low-cycling, high-income countries
(US and Australia), it is lower than in other Latin American and in Northern European countries. Individual-level factors associated
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with transport cycling (sex, age, and SES) are the same as those found in other low-cycling countries, although the dose-response
relationship for SES is not consistent across countries. Likewise, the environmental factors associated with transport cycling (climate,
and population size and density) are consistent with those found in the few studies of these factors in other countries. This study adds
to the literature by showing differential influences of gender on the associations between environmental factors and transport cycling
with the influences of these factors appearing to be stronger in women than in men. Therefore, efforts by city planners of large cities
to increase transport cycling should consider how these factors are influencing gender inequalities in transport cycling in their cities
so that they can then develop strategies that address the constraints felt more strongly by women.
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