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Summary
Background Cable cars are part of the transport system in several cities in Latin America, but no evaluations of their 
effects on physical activity are available. TransMiCable is the first cable car in Bogotá, Colombia, and the wider 
intervention includes renovated parks and playgrounds. We assessed the effects of TransMiCable and the wider 
intervention on physical activity.

Methods The Urban Transformations and Health natural experiment was a prospective quasi-experimental study 
conducted from Feb 1, 2018, to Dec 18, 2018 (baseline, pre-intervention) and from July 2, 2019, to March 15, 2020 (post-
intervention follow-up) in the TransMiCable intervention area (Ciudad Bolívar settlement) and a control area without 
TransMiCable (San Cristóbal settlement). A multistage strategy was used to sample households in each area, with one 
adult (aged ≥18 years) per household invited to participate. Eligible participants had lived in the intervention or control 
areas for at least 2 years and were not planning to move within the next 2 years. Physical activity was assessed among 
participants in the intervention and control areas before and after the inauguration of TransMiCable in Ciudad Bolívar 
with the International Physical Activity Questionnaire (long form) and with wearable accelerometers. Complete cases 
(those with baseline and follow-up data) were included in analyses. Respondents were classed as being physically active 
if they met 2020 WHO guidelines (≥150 min per week of moderate activity, ≥75 min per week of vigorous activity, or 
equivalent combinations); and accelerometery data were classified with the Freedson cut-points for adults. Data were 
also gathered in zonal parks (area ≥10 000 m²) and neighbourhood parks (area <10 000 m²) in the intervention and 
control areas by direct observation with the System for Observing Play and Recreation in Communities, to assess levels 
of physical activity before and after the TransMiCable intervention. Multilevel regression models were used to assess 
changes in physical activity associated with the TransMiCable intervention. 

Findings Physical activity questionnaires were completed by 2052 adult participants (1289 [62·8%] women and 
763 [37·2%] men; mean age 43·5 years [SD 17·7]) before the inauguration of TransMiCable. After the inauguration, 
the follow-up (final) questionnaire sample comprised 825 adults in the intervention group and 854 in the control 
group, including 357 adults in the intervention group and 334 in the control group with valid accelerometery data. 
334 (40·5%) of 825 participants in the intervention group reported levels of physical activity that met the 2020 WHO 
guidelines during walking for transport before the intervention, and 426 (51·6%) afterwards (change 11·1 percentage 
points [95% CI 6·4 to 15·9]). A similar change was observed in the control group (change 8·0 percentage points 
[3·4 to 12·5]; adjusted odds ratio [OR] for the time-by-group interaction, intervention vs control group: 1·1 [95% CI 
0·8 to 1·5], p=0·38). Time spent doing moderate-to-vigorous physical activity, measured with accelerometers, did not 
change in the intervention group after the inauguration of TransMiCable (change –0·8 min per day [–4·6 to 3·0]) and 
did not change compared with the control group (adjusted β for the time-by-group interaction: 1·4 min per day [95% CI 
–2·0 to 4·9], p=0·41). Moderate-to-vigorous physical activity was 52·1 min per day (SD 24·7) before and 59·4 min per 
day (35·2) after the inauguration of TransMiCable in new regular users who reported using TransMiCable during 
mandatory trips for work or education (n=32; change 7·3 min per day [–22·5 to 7·9]). After the intervention, an 
increase in the proportion of male individuals engaging in moderate or vigorous physical activity was observed in a 
renovated zonal park (adjusted OR for the time-by-group interaction, intervention vs control park: 2·7 [1·1 to 6·8], 
p=0·033). Female users of a renovated neighbourhood park were less likely to become engaged in moderate or vigorous 
physical activity than female users of the control area neighbourhood park (adjusted OR for the time-by-group 
interaction: 0·4 [0·1 to 0·6], p=0·019).

Interpretation It is encouraging that walking for transport remained high in the TransMiCable intervention area when 
the use of private motorised transport had increased elsewhere in Bogotá. In low-income urban areas, where transport-
related walking is a necessity, transport interventions should be focused on efforts to maintain participation in active 
travel while improving conditions under which it occurs.

Funding Wellcome Trust (as part of the Urban Health in Latin America project); Bogotá Urban Planning Department; 
Ministry of Science, Technology, and Innovation of Colombia; Universidad de Los Andes; Fundación Santa Fe de 
Bogotá; and Universidad del Norte.
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Introduction
Physical activity is a major protective factor for 
morbidity and mortality.1 The promotion of physical 
activity might be beneficial to meeting 15 of the 17 UN 
Sustainable Development Goals.2 However, one in four 
adults is physically inactive globally, with considerable 
variability across countries.3 In Latin America, an 
estimated 39% of the adult population were 
insufficiently active between 2001 and 2016.3 Public 
transport interventions have been associated with 
increased transport-related physical activity in studies 
conducted in cities mainly in Europe and North 
America.4,5 However, evidence on the effects of such 
interventions in Latin America is scarce.

Latin America is one of the most urbanised and 
unequal regions in the world, with large populations 
living in low-income settlements.6 These populations 
often face disadvantages, including poverty, violence, few 
recreational spaces, and poor access to transport.7 
Therefore, for these populations, the decision to use 
active or multimodal transport is a necessity rather than 
a choice.8 Latin America is also an innovative region in 
mobility policies such as those for cable cars.9 At least 
13 cities in Latin America have implemented cable cars 
as part of their public transport systems to overcome 
accessibility and connectivity issues affecting residential 
areas located on steep slopes, most of which are 

low-income settlements.9 However, to our knowledge, 
the effects of cable cars on physical activity have not been 
investigated to date.

One of the most recent cable cars to have been 
implemented in Latin America is TransMiCable in 
Colombia. This cable car was introduced in 2018, and 
connects Ciudad Bolívar, a low-income settlement 
located on steep hillsides in Bogotá, with the city’s bus 
rapid transit system.10,11 TransMiCable was conceived 
because travelling by directly traversing the hillside was 
regarded as a more viable solution than rehousing people 
and building roads. The cable car was used by around 
7·5 million people in 201912 and is part of a comprehensive 
urban transformation project.10,11

The 2022 Lancet Global Health Series on urban design, 
transport, and health emphasised that governments 
risked committing to unhealthy and unsustainable urban 
systems if policies and interventions were not properly 
evaluated.13 To transition towards healthy and sustainable 
cities in low-income and middle-income countries, an 
increased capacity in research is needed to fill the gap in 
research about urban design and transport, and links to 
health.14 The TransMiCable evaluation study, Urban 
Transformations and Health (TrUST, according to its 
initials in Spanish),12 conducted by the Urban Health in 
Latin America project (known as SALURBAL), offers a 
unique opportunity to investigate the effects of an 

Research in context

Evidence before this study
To identify previous studies examining the association between 
the implementation of cable cars or new public transport 
systems and physical activity, we searched PubMed and SciELO 
for articles published from database inception up to 
Nov 15, 2020, using the following search terms without 
language restrictions: (“cable car” OR “ropeway” OR 
“transportation” OR “public transit”) AND (“physical activity”) 
AND (“impact” OR “effect” OR “systematic review” OR “meta-
analysis”). Although we found two recent meta-analyses 
evaluating the association between new transport 
interventions and physical activity, none of the included studies 
evaluated interventions of cable car systems. Interventions in 
the previous studies included light rail transit systems and bus 
rapid transit lines implemented in middle-income and high-
income areas. According to these meta-analyses, new public 
transport interventions were associated with an increase in 
light-to-moderate physical activity levels of about 30 min per 
week, an increase in transport-related physical activity of about 
7 min per week, and a decrease in total physical activity of 
about 37 min per week.

Added value of this study
To the best of our knowledge, this study is the first to assess 
the effects of a cable car intervention on physical activity. 

We found that the physical activity of adult residents of the 
TransMiCable cable car intervention area was maintained to a 
high level after the inauguration of TransMiCable, and was 
similar to the activity level of residents in the control area, on 
the basis of self-reported physical activity and accelerometery. 
In the intervention area, 40·5% of participants reported 
physical activity levels that met guideline-recommended 
amounts (2020 WHO guidelines) before the inauguration of 
TransMiCable, and 51·6% after the inauguration, from 
transport-related walking alone, with no difference between 
the intervention and control groups. Observed physical 
activity increased among users of one of the renovated parks 
that was part of the wider intervention of TransMiCable, but 
only among males.

Implications of all the available evidence
Most research on transport interventions and physical activity 
has been done in high-income areas. The findings of our study 
highlight the importance of integrated urban transport 
interventions in efforts to maintain physical activity levels in 
low-income areas in the Global South. In these areas, where 
physical activity is a necessity, transport policies should be 
accompanied by efforts to maintain participation in active 
travel by improving the conditions under which this 
travel occurs.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.
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integrated cable car system on health, social, and 
environmental outcomes in a low-income area in Latin 
America. The TrUST natural experiment was designed in 
conjunction with community leaders, the mayor’s office 
of Bogotá, and with other stakeholders.12 The aim of 
TrUST was to assess the effects of the TransMiCable 
project on physical activity. A hypothesis of the study was 
that physical activity would increase with TransMiCable, 
particularly walking for transport, because the cable car is 
faster, safer, and more comfortable than existing modes of 
transport. A further hypothesis was that physical activity 
would increase among users of the renovated parks that 
were part of the wider TransMiCable intervention.12

Methods
Study setting
TrUST was conducted in Bogotá, Colombia. The 
intervention area was the settlement of Ciudad Bolívar, 
which is the area that TransMiCable serves. The control 
area was the settlement of San Cristóbal, where 
implementation of TransMiCable is planned in 2025. 
The intervention and control areas were deemed 
appropriate because they have similar topographies, they 
are generally of low socioeconomic status (per the 
national socioeconomic stratification of Colombia, most 
of the populations are in socioeconomic stratum 1 or 2)15, 
they have high crime levels,16 and there are geographical 
barriers between them that limit population crossover. 
Notably, the intervention and control areas are separated 
by 4·8 km of barren and mountainous land, and they 
have independent transport routes and bus stations 
(appendix 2 p 3).12

TransMiCable was implemented in Dec 27, 2018, in 
Ciudad Bolívar.12 The cable car has four stations and 
163 cabins. TransMiCable was the main component of 
an urban intervention that included a library, a tourism 
office, a local history museum, a citizen service office, 
three local markets, three community centres, and 
renovated public parks (figure 1; appendix 2 p 4).12 The 
intervention is ongoing and two bike trails and two sport 
and recreation centres are planned.

Study design and participants
TrUST used a prospective, quasi-experimental design 
with a mixed-methods approach described in detail 
previously.12 In this manuscript, we focused on the 
reporting of quantitative results for the effects on 
physical activity outcomes. The intervention group in 
Ciudad Bolívar included households within an 800-m 
radius buffer of each TransMiCable station. The control 
group in San Cristóbal included households within an 
800-m buffer of the planned locations for the future 
cable car stations (appendix 2 p 5). The study was 
approved by the ethics committee of the Universidad de 
Los Andes (record numbers 806-2017, 977-2019, and 
994-2019). All participants provided written informed 
consent.

In each household, one adult aged 18 years or older was 
invited to participate. Eligible participants had to have 
lived in the intervention or control areas for at least 
2 years and were not planning to move within the next 
2 years. A multistage sampling strategy was used.12 First, 
within neighbourhoods in each 800-m buffer, blocks were 
selected with a probability proportional to the density of 
households. Second, every third household was 
systematically selected. Third, we randomly selected one 
adult per household with use of a random number table. 
Everyone who participated in the study was given an 
incentive (a tote bag and a US$3 gift card) and was 
included in a draw for a $150 gift card.12

In the intervention area, a zonal park (Illimaní park) 
and a neighbourhood park (Manitas park) that were 
renovated as part of the wider intervention were also 
included (figure 1). Zonal parks are those with an area of 
at least 10 000 m². Neighbourhood parks are those with a 
smaller area to a minimum of 1000 m². In the control 
area, a zonal park (Moralba park) and a neighbourhood 
park (La Victoria park) were selected. The zonal parks 
and neighbourhood parks in both areas were similar 
distances from the TransMiCable stations (or planned 
stations in the control area; appendix 2 p 5).12 The parks See Online for appendix 2

Figure 1: Intervention neighbourhoods before and after inauguration of the TransMiCable cable car project
The wider intervention of the TransMiCable project includes the renovation of public parks. The zonal park assessed 
in this study (Illimaní park) was enlarged and renovated with outdoor gyms, playgrounds, and sports pitches. The 
neighbourhood park assessed in this study (Manitas park) was renovated with tables and seating for social 
gatherings. Additional photographs and a video of the TransMiCable intervention are available in appendix 2 (p 3).
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were similar in terms of the type of areas for physical 
activity (appendix 2 p 10).

Procedures 
Baseline data in adults were collected before the 
inauguration of TransMiCable from Feb 1, 2018, to 
Dec 18, 2018. Follow-up data were collected after the 
inauguration from July 2, 2019, to March 15, 2020 
(appendix 2 p 5). Physical activity in individuals was 
assessed with questionnaires and accelerometers. 
The long form of the International Physical Activity 
Questionnaire was used for all participants to assess 
physical activity in transport (ie, transport-related walking) 
and leisure-time domains.17 Participants were classified as 
physically active if they met 2020 WHO guidelines of at 
least 150 min per week of moderate activity, at least 75 min 
per week of vigorous activity, or equivalent combinations.18 
Wearable accelerometer devices (models wGT3X-BT, 
GT3X, or GT3X+; ActiGraph, Pensacola, FL, USA) were 
used in a subsample of individuals to objectively assess 
minutes per day of moderate-to-vigorous physical activity, 
light physical activity, and sedentary time. Participants 
were asked to position the accelerometer over the right 
midaxillary waistline and to wear it during waking 
hours for at least 7 consecutive days. Accelerometer 
counts were aggregated into 60-s epochs. An algorithm 
programmed in R (version 3.3.2) was developed for wear-
time validation. A minimum of 3 weekday days and 
1 weekend day with at least 8 h of wear-time each day were 
required for validity. Data were scored with the Freedson 
accelerometer cut-points for adults (sedentary time, 
0–99 counts per minute [CPM]; light physical activity, 
100–1951 CPM; moderate activity, 1952–5724 CPM; and 
vigorous activity, ≥5725 CPM; with moderate and vigorous 
physical activity grouped in a single category).19 

Sociodemographic characteristics, transport mode, and 
travel time were assessed with a questionnaire, as 
detailed previously.12 The road network distance between 
the participant’s household and the nearest bus rapid 
transit station was estimated with a shortest path 
algorithm, according to the household and station 
geolocations, with use of ArcGIS software (version 10.3). 
Built environment characteristics were assessed with 
secondary local data from the Spatial Data Infrastructure 
for Bogotá, including the terrain slope, road intersection 
density, and park density. For this purpose, a 500-m road 
network buffer was created around the georeferenced 
household. The slope of the terrain was computed with 
the triangulated irregular network model, which 
represents terrain surfaces irregularly distributed to 
accommodate areas of high variability in the surface 
every 5 m. Road intersection density was calculated as 
the number of intersections per km². Park density was 
calculated as the area in m² of parks within each 
household’s 500-m buffer area.

Data collection in parks was also done during the 
baseline and follow-up periods. Physical activity in parks 

was assessed with the System for Observing Play and 
Recreation in Communities.20 This tool has been used in 
Latin America and has been shown to be reliable.21 Parks 
were divided into target areas according to the physical 
activity available (eg, playgrounds, outdoor gyms, and 
football fields). In the intervention area, the zonal park 
had 22 target areas and the neighbourhood park had 
four target areas. In the control group, the zonal park 
had 15 target areas and the neighbourhood park had 
eight target areas. Two trained observers visited each 
park’s target areas for all 7 days of the week (not 
consecutively) in the morning (0900–1200 h) and the 
afternoon (1300–1600 h). Details on the training of 
observers are provided in appendix 2 (p 6). Data were 
collected during 1372 observation visits before the cable 
car intervention (n=686 visits) and after the intervention 
(n=686 visits). Data collected included the number of park 
users according to sex, age group, and physical activity 
levels. The assigned age groups were children (age 
0–12 years), adolescents (age 13–20 years), adults (age 
21–59 years), or older adults (age ≥60 years) according to 
observer judgement. Physical activity level was defined as 
sedentary (lying down, sitting, or standing), moderate (eg, 
walking slowly), or vigorous (eg, walking fast, running, 
aerobic classes, or playing football). Observers also noted 
whether the target areas of the park were accessible, 
usable, equipped, supervised, organised, or empty.20 The 
quality of equipment and amenities was assessed with 
the Physical Activity Resource Assessment instrument,22 

which qualifies the conditions of parks into six domains 
(features for physical activity practices; amenities; 
incivilities; services; accessibility; and safety; appendix 2 
p 6).

Statistical analysis
The target sample size of individuals in the intervention 
and control groups was estimated with a two-tailed test 
for mean difference to detect changes equivalent to 
standardised mean differences in self-reported minutes 
per day of moderate-to-vigorous physical activity from 
0·3 to 0·4 (physical activity questionnaire sample) and 
in objective minutes of moderate-to-vigorous physical 
activity from 0·2 to 0·4 (accelerometery sample), on the 
basis of previous literature.23–25 To achieve a power of at 
least 80%, the target sample size for the questionnaire 
sample was estimated at 800 adults per group, 
considering a response rate of 70%, and for the 
accelerometery sample was estimated at 426 adults per 
group, considering a response rate of 80%.

We calculated descriptive statistics for covariates and 
physical activity outcomes. Outcomes of interest were 
the proportions of individuals who self-reported levels of 
physical activity that met 2020 WHO guidelines during 
transport-related walking and leisure time; minutes per 
day of moderate-to-vigorous physical activity, light 
physical activity, and sedentary time measured by 
accelerometery; and observed physical activity levels 

For ArcGIS see https://enterprise.
arcgis.com/en/portal/10.3/use/

welcome.htm

For the Spatial Data 
Infrastructure for Bogotá see 

https://www.ideca.gov.co/

https://enterprise.arcgis.com/en/portal/10.3/use/welcome.htm
https://www.ideca.gov.co/
https://www.ideca.gov.co/
https://enterprise.arcgis.com/en/portal/10.3/use/welcome.htm
https://enterprise.arcgis.com/en/portal/10.3/use/welcome.htm
https://enterprise.arcgis.com/en/portal/10.3/use/welcome.htm
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among park users measured by direct observation. We 
compared the changes in physical activity outcomes 
before and after the TransMiCable inauguration in the 
intervention and control groups using the paired t-test 
for continuous variables and the χ² test for categorical 
variables. Changes were also assessed in a subgroup of 
new regular users of the TransMiCable, defined as 
individuals who reported using TransMiCable on at least 
one part of their mandatory trips for work or education. 
To assess the effect of TransMiCable on individual 
physical activity, we fitted multilevel regression models 
(logistic model for the outcomes of meeting physical 
activity guidelines based on the questionnaire; and linear 
model for the outcomes of minutes per day of physical 
activity based on accelerometery) with random intercepts 
for individuals. To assess the effect of the TransMiCable 
project on park-level physical activity, we fitted multilevel 
logistic regression models with park users’ data and 
random intercepts for the target area and period of the 
day. All models included the main effects of time (before 
and after the TransMiCable inauguration) and study 
group (intervention or control), as well as a time-by-
group interaction. The time-by-group interaction term 
was used to assess the effect of TransMiCable by 
comparing the changes in outcomes over time between 
the intervention and control groups. The interaction 
effects are reported as β (95% CI) for multilevel linear 
regression models, and as odds ratio (OR; 95% CI) for 
multilevel logistic regression models. Individual-level 
models were adjusted for sociodemographic character-
istics (age, sex, occupation, marital status, and education), 
distance to a bus rapid transit station, and the slope of 
the terrain (unadjusted models are reported in appendix 2 
pp 8–9). Complete cases (those with baseline and follow-
up data) were included in the analyses. We also conducted 
sensitivity analyses on the individual-level linear models 
with log-transformed outcomes due to the non-normality 
of accelerometery data, and a stratified analysis by sex. 
The park-level models were adjusted for the day of the 
week (weekday or weekend day) and the analysis was 
stratified by sex. All observed data were used for the park-
level regression models. Model equations are described 
in appendix 2 (pp 6–7). Analyses were conducted with 
Stata (version 17) and R (version 3.3.2).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
After sampling of households, physical activity 
questionnaires were completed by 2052 adult participants 
(1031 in the intervention area and 1021 in the control area) 
at baseline, before the inauguration of TransMiCable 
(figure 2). Accelerometery data were collected from 
647 (62·8%) of the 1031 participants in the intervention 

area and 524 (51·3%) of the 1021 participants in the control 
area before the TransMiCable inauguration. After the 
inauguration, 825 (80·0%) participants in the intervention 
area and 854 (83·6%) in the control area completed follow-
up physical activity questionnaires. Of participants with 
baseline accelerometery data, 357 (55·1%) of 647 in the 
intervention area and 334 (51·6%) of 524 in the control 
area provided valid follow-up accelerometery data. 
The individuals who completed baseline and follow-up 
questionnaires comprised the complete case sample for 
questionnaire-based outcomes, and those who provided 
valid baseline and follow-up accelerometery data 
comprised the complete case sample for accelerometery-
based outcomes.

The characteristics of participants, transport choices, 
and features of the built environment before the 
inauguration of TransMiCable were summarised (table). 
Of the 2052 participants, 1289 (62·8%) were women and 
763 (37·2%) were men, and mean age was 43·5 years 
(SD 17·7). 1061 (51·7%) participants were married or living 
with a partner. Most participants attained a maximum of 
elementary (primary level) or high-school (secondary 
level) education and reported a monthly household 
income of two or fewer minimum wage salaries. 
1137 (55·4%) participants were working or studying. 
Compared with the control group, the intervention group 
had a larger proportion of individuals with a lower 

Figure 2: Sampling of households and participants
In each household, we invited one adult aged 18 years or older to participate in the study. Eligible participants had 
lived in the intervention or control area for at least 2 years and were not planning to move within the next 2 years.

Intervention area (Ciudad Bolívar)

3956 households visited in the 
intervention area

1031 adults at baseline
1031 in the questionnaire sample

647 in the accelerometery sample

825 adults at follow-up
825 in the questionnaire sample
357 in the accelerometery sample 

2925 households excluded
1795 empty households
1013 declined to participate

117 did not meet inclusion criteria 

206 lost to follow-up
72 unreachable
85 moved to another neighbourhood 

or city 
35 declined to participate

7 died
7 hospitalised, in military service, or 

incarcerated

Control area (San Cristóbal)

3615 households visited in the control 
area

1021 adults at baseline
1021 in the questionnaire sample

524 in the accelerometery sample

854 adults at follow-up
854 in the questionnaire sample
334 in the accelerometery sample

2594 households excluded
1638 empty households

893 declined to participate
63 did not meet inclusion criteria 

167 lost to follow-up
73 unreachable
73 moved to another neighbourhood 

or city 
15 declined to participate

3 died
3 in military service
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education level and monthly salary, and a smaller 
proportion of individuals who were working or studying. 
The main transport mode for mandatory trips (defined as 
travel for work or education) was public transportation. 
Self-reported mean travel time during mandatory trips 
(one way) was 110·0 min (SD 67·3) in the intervention 
group and 89·9 min (54·1) in the control group. After the 
inauguration of TransMiCable, 95 (11·9%) of 797 partici-
pants in the intervention group who undertook 
mandatory trips reported using TransMiCable regularly, 
617 (74·8%) of 825 reported using the cable car at least 
once, and the mean travel time for mandatory trips 
decreased to 90·2 min (SD 53·9; n=398) in the 
intervention area. Hilly terrain, high road intersection 
density, and low park density characterised the built 
environment of the intervention and control areas (table).

The proportions of participants who reported levels of 
physical activity that met the 2020 WHO guidelines 
(≥150 min per week of moderate activity, ≥75 min per 
week of vigorous activity, or equivalent combinations18) 
during transport-related walking are shown in 
figure 3A. In the intervention group, the proportion of 
participants who met the guideline-recommended 
amounts of activity during transport-related walking 
was 334 (40·5%) of 825 before the TransMiCable 
inauguration, and 426 (51·6%) after the inauguration 
(change 11·1 percentage points [95% CI 6·4–15·9]). A 
similar change was observed in the control group 
(change 8·0 percentage points [3·4–12·5]; adjusted OR 
for the time-by-group interaction 1·1 [95% CI 0·8–1·5], 
p=0·38; appendix 2 p 8).

The proportions of participants who reported levels of 
physical activity that met the WHO guidelines during 
leisure time are shown in figure 3B. 206 (25·0%) of 
825 participants in the intervention group and 
188 (22·0%) of 854 in the control group met the guideline-
recommended amounts of activity during leisure time 
before the TransMiCable inauguration, with no change 
in the intervention group (187 [22·7%]; change 
–2·3 percentage points [–6·4 to 1·8]) or control group 
(191 [22·4%]; change 0·4 percentage points [–3·6 to 4·3]) 
after the inauguration. Participants in the intervention 
group did not have an increased likelihood of becoming 
compliant with the guidelines during leisure time after 
the TransMiCable inauguration, compared with 
participants in the control group (adjusted OR for the 
time-by-group interaction 0·8 [95% CI 0·5–1·2], p=0·26; 
appendix 2 p 8).

Intervention 
(n=1031)*

Control (n=1021)*

Sociodemographic characteristics 

Age, years 1031; 44·3 (18·1) 1021; 42·8 (17·3) 

Sex

Female 668 (64·8%) 621 (60·8%)

Male 363 (35·2%) 400 (39·2%)

Civil status

Single 214 (20·8%) 331 (32·4%)

Married or with partner 551 (53·4%) 510 (50·0%)

Divorced, separated, or 
widowed

266 (25·8%) 180 (17·6%)

Education level†

Elementary or lower 399/1030 (38·7%) 256 (25·1%)

High school 466/1030 (45·2%) 514 (50·3%)

Technical, college, or 
graduate

165/1030 (16·0%) 251 (24·6%)

Monthly household income‡

≤1 minimal wage 
(≤USD$264)

556/1023 (54·3%) 350/984 (35·6%)

>1 to ≤2 minimal wages 
(US$265–528)

386/1023 (37·7%) 485/984 (49·3%)

>2 minimal wages 
(≥US$529)

81/1023 (7·9%) 149/984 (15·1%)

Occupation

Working 496/1029 (48·2%) 528/1019 (51·8%)

Studying 42/1029 (4·1%) 71/1019 (7·0%)

Household activities 322/1029 (31·3%) 294/1019 (28·8%)

Not working 169/1029 (16·4%) 126/1019 (12·4%)

Transportation 

Main transport mode for mandatory trips§

Public 493/803 (61·4%) 554/823 (67·3%)

Public and active 174/803 (21·7%) 168/823 (20·4%)

Public and private 34/803 (4·2%) 21/823 (2·5%)

Public and informal 52/803 (6·5%) 12/823 (1·5%)

Private 50/803 (6·2%) 68/823 (8·3%)

Travel time for mandatory 
trips,§ min

375; 110·0 (67·3) 396; 89·9 (54·1) 

(Table continues in next column)

Intervention 
(n=1031)*

Control (n=1021)*

(Continued from previous column)

Built environment 

Slope of the terrain, % NA; 9·9 (3·6) NA; 6·4 (1·8)

Road intersection density, 
n/km²

NA; 578·2 (128·7) NA; 415·6 (121·6)

Park density, m²/m²¶ NA; 0·06 (0·04) NA; 0·05 (0·03)

Data are n; mean (SD) or n (%). NA=not applicable. *Participant numbers might 
not sum to the total group size due to missing data; denominators are shown 
when participant data were missing. †Education levels in Colombia equivalent to 
primary level education (elementary), secondary level education (high school), 
and higher education (technical, college, or graduate). ‡Minimum wage as 
defined by the Colombian Ministry of Labour26 with use of a mean exchange rate 
for 2018 of USD$1=2956·36 Colombian pesos. §Mandatory trips defined as travel 
for work or education (one way). Public transport refers to state-owned modes of 
transport, such as local buses and the bus rapid transit system. Active transport 
refers to walking or cycling. Private transport refers to privately owned modes of 
transport, such as privately owned cars and motorbikes, or taxis. Informal 
transport refers to unofficial modes of transport that supplement public transport 
routes, such as unofficial local buses. ¶The area of parks (m²) within each 
household’s 500-m road network buffer area (m²).

Table: Participant characteristics, travel time, and mode of transport 
before the inauguration of TransMiCable, and built environment of the 
study areas
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Time spent doing moderate-to-vigorous physical 
activity as measured with accelerometers is shown in 
figure 3C. Adults in the intervention group engaged in a 
mean of 35·8 min per day (SD 26·1) of moderate-to-
vigorous physical activity before the TransMiCable 
inauguration. Time spent doing moderate-to-vigorous 
physical activity did not change in the intervention group 
after the inauguration of TransMiCable (35·0 min per 
day [26·0]; change –0·8 min per day [95% CI –4·6 to 3·0]) 
and did not change compared with the control group 
(adjusted β for the time-by-group interaction 1·4 min per 
day [95% CI –2·0 to 4·9], p=0·41; appendix 2 p 9). The 
subgroup of regular TransMiCable users (n=32 with 
accelerometery data) had high moderate-to-vigorous 
physical activity before the TransMiCable inauguration 
(52·1 min per day [SD 24·7]) and after the inauguration 
(59·4 min per day [SD 35·2]; change 7·3 min per day 
[95% CI –22·5 to 7·9]; figure 3C).

Light physical activity was recorded at a mean of 
333·0 min per day (SD 101·4) in the intervention group 
at baseline, which did not change after the inauguration 
of TransMiCable (342·1 min per day [107·1]; change 
9·1 min per day [95% CI –6·2 to 24·5]) and did not 
change compared with the control group (adjusted β 
for the time-by-group interaction 0·7 min per day [95% 
CI –13·4 to 14·8], p=0·93). Sedentary time in the 
intervention group was reported at 507·2 min per day 
(181·1) before the TransMiCable inauguration and 
607·9 min per day (230·2) after the inauguration (change 
100·7 [70·2 to 131·1]. This change did not differ from the 
change observed in the control group (adjusted β for the 
time-by-group interaction –27·6 min per day [–61·7 to 
6·5], p=0·11; appendix 2 p 9). Results of the sensitivity 
analyses with log-transformed outcomes and analyses 
stratified by sex were overall similar to the main analyses 
of accelerometery-based activity levels (appendix 2 p 9).

In the sample of park users, the sample size before the 
TransMiCable project was 1035 individuals in the 
intervention area and 207 individuals in the control area 
for zonal parks, and 65 individuals in the intervention 
area and 390 individuals in the control area for 
neighbourhood parks. After inauguration of the 
TransMiCable project, the sample size was 869 individuals 
in the intervention area and 508 individuals in the control 
area for zonal parks, and 208 individuals in the 
intervention area and 549 individuals in the control area 
for neighbourhood parks. We presented the sex and age 
distributions of the park users (figure 4A–B). In general, 
the majority of park users in the intervention and control 
areas were males, and children or adolescents, before and 
after the TransMiCable inauguration. Figure 4C shows 
physical activity intensity levels among users of zonal 
parks. After the TransMiCable intervention, observed 
moderate or vigorous physical activity in the zonal park of 
the intervention area increased among females (change 
23·1 percentage points [95% CI 15·3 to 30·9]) and males 
(change 11·6 percentage points [6·3 to 16·8]). In the zonal 

park of the control area, observed moderate or vigorous 
physical activity also increased among females (change 
11·7 percentage points [–2·4 to 25·8]) but decreased 
among males (change –7·8 percentage points [–0·4 to 
15·2]). After the TransMiCable intervention, male users 
of the zonal park in the intervention area were more likely 
to become engaged in moderate or vigorous physical 
activity than male users of the zonal park in the control 
area (adjusted OR for the time-by-group interaction 2·7 
[95% CI 1·1 to 6·8], p=0·033; appendix 2 p 11). There was 
no difference among female users (adjusted OR for the 
time-by-group interaction 0·7 [0·1 to 3·1]; p=0·61).

Physical activity levels among users of neighbourhood 
parks were also recorded (figure 4D). After the 
TransMiCable intervention, observed moderate or 
vigorous physical activity did not change among females 
(change –12·5 percentage points [95% CI –21·9 to 3·2]) 
or males (change 0·0 percentage points [–15·0 to 15·0]) 
in the intervention park. In the control park, observed 
moderate or vigorous physical activity increased among 
female users (change 18·8 percentage points [95% CI 
9·4 to 28·1]) but did not change among male users 
(change 6·7 percentage points [–0·9 to 14·5]). After the 

Figure 3: Physical activity levels in the intervention and control areas before and after inauguration of the 
TransMiCable cable car intervention
Error bars are 95% CIs. Change is percentage point difference (95% CI) based on χ² test (parts A and B) or mean 
difference (95% CI) based on paired t-test (part C). Regular TransMiCable users corresponded to 32 (12%) of 
357 participants in the intervention group with accelerometery data who reported using TransMiCable on at least 
one part of mandatory trips (travel for work or education).
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intervention, female users of the neighbourhood park in 
the intervention area were less likely to become engaged 
in moderate or vigorous physical activity than female 
users of the neighbourhood park in the control area 
(adjusted OR for the time-by-group interaction 0·4 
[95% CI 0·1 to 0·6], p=0·019). There was no difference 
among male users (adjusted OR for the time-by-group 
interaction 0·4 [0·1 to 2·6], p=0·36; appendix 2 p 11). 
Appendix 2 (p 10) provides information about the 
conditions and quality of the parks in the intervention 
and control areas before and after implementation of the 
TransMiCable project. The intervention parks had lower 
quality scores for physical activity provision than the 
control parks before and after the TransMiCable 
intervention.

Discussion
The main objective of this natural experiment was to 
investigate the effects of the TransMiCable cable car 

project on physical activity. The main finding was that 
physical activity remained high with the inauguration 
of TransMiCable, whether assessed by questionnaire 
or accelerometery. Indeed, after the inauguration of 
TransMiCable, 51·6% of adults met guideline-
recommended amounts of physical activity just from 
transport-related walking. Physical activity also increased 
in one of the renovated parks, but only among male 
individuals. This study is the first of its kind in Latin 
America and the comprehensive data allow us to better 
understand the effects of an integrated urban transport 
project on physical activity.

Our results at the individual level differ from those 
reported in studies of high-income areas in the UK 
(Cambridge) and the USA (Seattle, WA, Salt Lake City, 
UT, and Los Angeles, CA), and middle-income areas 
in Mexico (Mexico City), evaluating other transport 
interventions such as light rail transit and bus rapid 
transit systems. These interventions have been 

Figure 4: Sex and age characteristics of park users and physical activity levels by sex
*Children (age 0–12 years), adolescents (age 13–20 years), adults (age 21–59 years), or older adults (age ≥60 years) according to observer judgement.
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associated with increased transport-related physical 
activity and decreased total physical activity.4,5 However, 
physical activity at baseline in these studies (as 
measured by accelerometery or questionnaire) was 
reported to be around half of what was found in 
our study.

Our result that transport-related walking remains high 
after the implementation of the cable car might be 
explained by the necessity versus choice-based physical 
activity framework.27 According to this framework, a 
substantial amount of the physical activity occurring 
routinely in many low-income settings is the result of 
economic necessity and is not due to free choices.27 In 
low-income areas, such as the locations in our study, 
poverty, informal work, crime, and the cost of car 
ownership make active and multimodal transport a 
necessity, rather than a choice.8,13,27 Studies of low-
income settlements in Faridabad (India),28 Freetown 
(Sierra Leone),29 and Recife (Brazil)30 have indicated that 
physical activity levels in low-income areas are higher 
than reported in high-income areas within each 
country,28,30 mainly due to the necessity to walk for 
transport in low-income areas.29 In several Latin 
American cities, about 30–45% of all trips taken by low-
income groups are made on foot, in contrast to around 
20% among higher income groups.8 Furthermore, when 
walking as part of other multimodal trips is considered, 
between 19% and 25% of residents in several Latin 
American cities have been found to meet physical 
activity recommendations just from this type of 
walking.31 Therefore, it is encouraging that transport-
related walking remained high in our study after the 
inauguration of the cable car, while travel time for 
mandatory trips decreased (from 110·0 min to 90·2 min). 
Furthermore, as reported previously, public transport 
satisfaction increased (from 4·4 to 5·4 out of 10), and 
satisfaction for TransMiCable was rated 8·7 out of 10.11 
These findings are highly relevant especially when an 
increased number of people in Bogotá were reported to 
be using private motor vehicles in 2019.32

Inhabitants of low-income areas seemingly experience 
a walkability paradox, as they appear to have high 
walkability on the basis of prevailing standards (ie, high 
population density and high street connectivity), but 
their walkability is poor due to street-level conditions 
(eg, crime, low-quality or no pavements, unsanitary 
conditions, pollution, and noise).27,33 The 2022 Lancet 
Global Health Series on urban design, transport, and 
health showed that population density in some low-to-
middle-income areas, such as the locations in our study, 
exceeds optimal thresholds for walking, and there is 
poor access to public open spaces.13,14 In the TrUST study 
we found that travel time, victimisation, and air pollution 
in the cabins decreased in the intervention area after the 
TransMiCable inauguration.11,34 However, residents still 
had long waking hours (from 0400 h to 2400 h), high 
levels of victimisation, and they are exposed to high air 

pollution in the bus rapid transit system. Therefore, in 
low-income populations, where walking for transport is 
a necessity, efforts to promote physical activity should 
focus on maintaining regular participation in active 
travel, while improving the conditions under which 
it occurs.27

We found that children and adolescents were the 
main users of renovated parks and playgrounds. Drug 
use in public spaces is a concern,11 and we suggest 
that increased numbers of children and adolescents 
would use parks and playgrounds if supervision 
and maintenance were improved. In the present study 
we also identified an increase in physical activity in 
one renovated park, but only in boys and men. Lower 
physical activity levels among girls and women could be 
related to the infrastructure implemented in parks (eg, 
football fields and outdoor gyms). Studies in Latin 
America have shown that community-based physical 
activity programmes involving dancing increase physical 
activity among women and should be considered for 
future interventions in renovated parks.35

The results of our study might have important 
implications for the design and evaluation of urban 
transport projects that are planned in Bogotá, and in 
other cities in the Global South. A new public transport 
system implemented with comprehensive urban 
interventions has the potential to help towards efforts to 
maintain high physical activity levels, such as the efforts 
outlined in the WHO Global Action Plan on Physical 
Activity 2018–2030.36 Such an approach can also help in 
achieving the UN Sustainable Development Goals.2

Our study has several strengths. To the best of 
our knowledge, TrUST is the only evaluation of the 
effects of a cable car on physical activity. Also, this study 
used various methods to assess physical activity at 
the individual and contextual level. Our study also 
has limitations that should be considered. First, the 
accelerometers did not capture the effect of the high 
terrain slope on physical activity intensity. Second, the 
final sample sizes were smaller than the target number 
of 426 adults per group in the accelerometery sample. 
Third, renovations in the intervention and control parks 
were outside the control of researchers, and we were 
unable to collect data in parks early in the morning or 
late in the day (before 0900 or after 1600) due to concerns 
about the safety of the investigators.

In conclusion, it is encouraging that physical activity 
remained high in the intervention area when the use of 
private motorised transport had increased elsewhere in 
Bogotá. In low-income populations, where walking 
is a necessity, urban transport interventions should be 
accompanied by comprehensive efforts to maintain 
participation in active travel, while improving the 
conditions under which this travel takes place.
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