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Abstract Obesity and frequent mental and physical
distress are often associated with major health problems.
The characteristics of the urban environment, such as
homicide rates and public goods provision, play an
important role in influencing participation in physical
activity and in overall mental health. This study aimed
to determine whether there was a relationship between
homicide rates and public goods provision on the health
outcomes of the citizens of Cali, Colombia, a city
known for its high urban violence rate and low munic-
ipal investment in public goods. We used a linear prob-
ability model to relate homicide rates and public goods
provision (lighted parks, effective public space per in-
habitant, and bus stations) at the district level to health
outcomes (obesity and frequent mental and physical
distress). Individual data were obtained from the 2014
CaliBRANDO survey, and urban context characteristics
were obtained from official government statistics. After
controlling for individual covariates, results showed that

homicide rates were a risk factor in all examined out-
comes. An increase in 1.0 m2 of public space per inhab-
itant reduced the probability of an individual being
obese or overweight by 0.2% (95% confidence interval
(CI) = − 0.004 to − 0.001) and the probability of fre-
quent physical distress by 0.1% (95% CI = − 0.002 to
− 0.001). On average, the presence of one additional bus
station increased the probability of being obese or over-
weight by 1.1%, the probability of frequent mental
distress by 0.3% (95% CI = 0.001–0.004), and the
probability of frequent physical distress by 0.02%
(95% CI = 0.000–0.003). Living in districts with ade-
quate public space and lighted parks lowers the proba-
bility of being obese and high homicide rates, which are
correlated with poor health outcomes in Cali, Colombia.
Investments in public goods provision and urban safety
to reduce obesity rates may contribute to a better quality
of life for the population.

Keywords Obesity . Health outcomes . Homicide rates .

Public goods . Cali

Introduction

Urbanization is a rapidly occurring phenomenon, par-
ticularly in developing countries [1]. Cities attract a
large number of inhabitants because urban areas provide
better access to markets and public goods. Cities have to
deal with problems associated with urbanization (such
as transportation, public goods provision and
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maintenance, safety and security, and affordable hous-
ing) to make them livable and attractive to the popula-
tion [2].

Major challenges that urban areas have to deal with
are health hazards, with obesity being one of the most
studied. The literature on obesity in developing coun-
tries has shown that the prevalence of this condition is
increasing in urban settings and that the poor and fe-
males are affected the most [3]. Recent studies in devel-
oped countries have shown how health outcomes may
be related to environmental factors that facilitate healthy
behaviors. For example, Heinrich et al. [4] found that
71.0% of the variance in the prevalence of obesity in a
mid-sized US Midwestern city was related to environ-
mental variables such as physical activities (e.g., soccer
fields), amenities (e.g., benches), resources (e.g., parks),
and incivilities (e.g., vandalism). In addition, the study
found that environments with low socioeconomic con-
ditions showed higher rates of obesity prevalence,
which might be related to the higher rates of incivilities
that discourage residents from walking or participating
in other activities at available neighborhood physical
activity resources [4]. McAlexander et al. [5] obtained
similar results.

Other studies have addressed issues such as how
urban contextual and neighborhood factors relate to
individual health including coronary heart diseases [6,
7], obesity [8–11], and mental and physical health [12].
Others have analyzed how the mode of transportation
(motor vehicles) has a positive correlation with obesity
[13, 14].

Most of these studies have shown that the availability
of adequate public space incentivizes physical activity
and improves the health outcomes of individuals by
reducing the prevalence of obesity [15, 16]. However,
if people are concerned about their safety, they may
underuse the available public space, which would limit
their physical activity [17–19]. It has also been reported
that unsafe conditions are related to depression and
anxiety [20]. Confirming the correlation between these
aspects (homicides, public good provision, and health
outcomes) and then modifying these environmental
conditions can help policymakers increase the quality
of life of the citizens [21, 22].

In this paper, we provide evidence to the scarce
literature available on how crime rates and public goods
provision (lighted parks, adequate public space per in-
habitant, and bus stations) are associated with health
outcomes (obesity and frequent mental and physical

distress) in Cali, the most violent city in Colombia and
one of the top 10 in the world. In 2014, Cali experienced
more than 60 homicides per 100,000 inhabitants com-
pared to Bogota (17/100,000), which is the capital and
largest city in Colombia, and Medellin (20/100,000),
which is the second largest city [12]. In addition, Cali
has a different pattern of municipal investment per
capita compared to Bogota and Medellin. Municipal
investment refers to socioeconomic investment, includ-
ing health, education, and basic public goods and ser-
vices as well as road infrastructure. For example, Cali’s
investment in 2011 was approximately only 30% of
Bogota’s and 50% of Medellin’s [23].

Methods

Sources of Data

Data for this analysis came from two sources.
Cross-sectional data were obtained from 2014
CaliBRANDO, a survey conducted annually in
Cali by the Observatory of Public Policy at
Universidad Icesi among adults aged ≥ 18 years.
The survey is conducted such that the probability
sample is representative of the sex and socioeco-
nomic strata of the city. On average, 1200 individ-
uals are randomly selected and surveyed in person.
The survey asks about life satisfaction, income,
employment, education, and health conditions in-
cluding weight and height to estimate the body
mass index (BMI) and the number of days feeling
physically or mentally ill. The latter are adopted
from a set of questions from the Centers for Dis-
ease Control and Prevention (CDC) (2000) entitled
BHealthy Days Measures,^ which are included in
the National Health and Nutrition Examination
Survey since 2000 and in the Behavioral Risk
Factor Surveillance System since 1993 [24].

The second source of data was obtained from gov-
ernment reports on public space and homicide rates in
2013. Data from 2014 CaliBRANDO survey were
paired with official information, using the district of
residence as the matching variable. All 22 districts were
included. Variation at the district level was used to
identify the association between homicides, public
goods provision, and self-reported health outcomes be-
cause these are not equally distributed geographically.
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Independent Variables

Two crime measures were used. First, the homicide rate
per 10,000 inhabitants was used as an objective measure
for safety in each district. Second, a subjective measure
of perceived safety was taken from the 2014
CaliBRANDO survey in which respondents were asked
to rate on a scale of 1 to 10 their satisfaction with the
mayor’s management of city security, where 1 was
completely unsatisfied and 10 was completely satisfied.

For public goods provision, the number of lighted
parks per 10,000 inhabitants, number of square meters
of adequate public space (parks, green areas, main
squares, and small squares) per inhabitant, and number
of bus stations per district were used.

Confounders

We accounted for individual characteristics that affected
health outcomes according to the literature. For exam-
ple, age, being female, belonging to a racial minority
group, and low education levels have been shown to be
related to weight gain and the probability of being obese
[25, 26], as well as being married [26-28] and having
children [26]. Weight satisfaction was included because
some studies have found it to be a predictor of weight
loss and positive health behavior [29, 30]. Owning a car
was also included because there is a strong and positive
relationship between the means of transportation and
obesity [31, 32].

Outcome Variables

Three variables were used to measure health out-
comes. First, BMI was used based on the follow-
ing categories: underweight (BMI < 18.5 kg/m2),
normal (18.5 kg/m2 ≤ BMI ≤ 24.9 kg/m2), over-
weight (25 kg/m2 ≤ BMI ≤ 29.9 kg/m2), and
obese (BMI ≥ 30 kg/m2). Second, it was deter-
mined whether the respondent had felt physically
ill ≥ 14 days during the previous 30-day period.
Third, it was determined whether the respondent
had felt mentally ill for ≥ 14 days during the
previous 30-day period. The latter corresponds
to the definition of frequent mental distress [24].
A 14-day threshold was chosen because practi-
tioners use a similar timeframe to diagnose mood
disorders [33, 34].

Statistical Analyses

Given the multilevel framework of the study, that
is, individual-level and district-level variables, a
multilevel regression was first estimated to account
for the fact that individual-level factors may have
differential effects on outcomes depending on the
context. However, interclass correlation of the
empty model approximated to zero and showed
that grouping by districts was not statistically dif-
ferent from a linear multivariate model (results are
available upon request). Therefore, linear fixed-
effects models were used to estimate the associa-
tion between homicide rates and public goods pro-
vision at the district level with each health out-
come at the individual level after controlling for
individual covariates. This econometric technique
makes use of within-subject within-district varia-
tion only to identify the effects of included regres-
sors in each health outcome (obesity and frequent
mental and physical distress). Fixed effects are
included at the district level; consequently, the
effects of all unobserved characteristics that did
not vary over time and were specific to the district
were controlled in the analysis (i.e., poverty and
availability of police patrols).

As reported in the literature review, men and
women are not similarly vulnerable to the effects
of individual as well as higher level factors on
their psychological distress and obesity. To account
for the full interaction of these variables and sex, a
separate regression model is estimated by sex.
Each regression model was adjusted for age, mar-
ital status (reference category: married), number of
years of education, number of children, ownership
of a vehicle, satisfaction with the mayor’s manage-
ment of parks and public space, satisfaction with
the mayor’s management of city security, satisfac-
tion with individual life, and satisfaction with cur-
rent weight.

The three specifications differed in some ways. The
obesity model included the number of days without
good physical health and the number of days without
good mental health, while the unhealthy mental days
model includes only the number of days without good
physical health, and the unhealthy physical days model
includes only the number of days without good mental
health. All analyses were conducted using Stata 14
(StataCorp., College Station, TX).
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Results

Population and City Characteristics

Cali’s 22 districts can be grouped according to their
socioeconomic characteristics (Table 1) [35]. On aver-
age, rich districts (2, 17, 19, and 22) have eight times
more areas of adequate public space than poor districts.
For example, district 22 has the highest number of
square meters of public space per inhabitant and the
lowest rate of obese and overweight people. In contrast,
poorer districts (1, 8, 13, 15, and 20) have higher rates of
obese and overweight people. This phenomenon is ob-
served even in districts with a higher number of lighted
parks per 10,000 inhabitants. Both rich and poor dis-
tricts have high homicide rates, with an average of 7.1
homicides per 10,000 inhabitants. The lowest rates are

observed in richer districts, with the exception of district
22, which has a high homicide rate, not because of the
number of deaths but because of the small number of
inhabitants.

Table 2 presents demographics and other character-
istics at the individual level. The sample was equally
distributed by sex; average age was 38 years, and nearly
46% of those interviewed were either married or living
in common law. One third of the population owned a
car, and 42% were obese or overweight. One in ten
individuals felt physically or mentally ill for ≥ 14 days
in the last 30 days.

Multivariate Analysis

Tables 3, 4, and 5 present the results for each outcome
by sex. Homicide rates were associated with a positive

Table 1 Overall characteristics in Cali’s districts

District Habitantsa, no. (%) Effective public spaceb,
no. of square meters
per inhabitant

Massive transportation
system stationsc, no. (%)

Lighted parksb, no.
per 10,000 habitants

Homicide rateb, no.
per 10,000 habitants

1 88,432 (3.8) 2.4 0 (0.0) 0.9 4.4

2 114,651 (5.0) 6.5 7 (12.3) 4.7 2.9

3 46,400 (2.0) 5.0 10 (17.5) 1.9 8.2

4 53,369 (2.3) 1.9 5 (8.8) 4.3 6.0

5 112,089 (4.9) 3.2 1 (1.8) 4.9 1.8

6 189,837 (8.2) 1.1 0 (0.0) 2.6 4.7

7 71,334 (3.1) 1.3 2 (3.5) 2.7 7.3

8 102,388 (4.4) 0.6 6 (10.5) 2.5 4.4

9 44,994 (2.0) 0.5 5 (8.8) 1.8 13.8

10 110,854 (4.8) 1.6 0 (0.0) 3.4 4.5

11 107,339 (4.7) 1.4 2 (3.5) 5.4 3.4

12 66,881 (2.9) 0.9 1 (1.8) 2.1 6.4

13 177,641 (7.7) 1.6 3 (5.3) 2.5 9.7

14 172,696 (7.5) 1.3 0 (0.0) 1.7 10.8

15 159,369 (6.9) 1.8 0 (0.0) 3.1 8.9

16 107,170 (4.7) 2.1 0 (0.0) 1.6 8.3

17 139,665 (6.1) 9.9 1 (1.8) 4.1 1.8

18 131,453 (5.7) 0.7 2 (3.5) 2.1 4.6

19 112,947 (4.9) 2.7 9 (15.8) 2.7 3.5

20 69,331 (3.0) 0.2 0 (0.0) 0.7 17.9

21 112,336 (4.9) 3.4 0 (0.0) 4.5 11.2

22 11,160 (0.5) 45.2 3 (5.3) 2.7 11.7

a Cali en Cifras 2013
b Cali Cómo Vamos 2014
cMIO 2015
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probability of being obese for men but not for women.
Homicide rates were associated with a positive proba-
bility of feeling mentally unhealthy for women and a
negative probability for men. Similarly, homicide rates
were associated with a positive probability of feeling

physically unhealthy for women and a negative proba-
bility for men. These estimates show the existence of an
association between crime and unsafe environments and
health outcomes and that there are differential effects by
sex. While these coefficients seem pretty small at first
sight, for instance 0.003 for males, when the probabili-
ties are evaluated at the mean (7.1 homicides/10,000
inhabitants), it translates to males being 2.3% more
likely to be obese or overweight as a consequence of
increased violence, and at the most violent district (17.9
homicides/10,000 inhabitants), the effect translates to
5.4%.

An increase in 1.0 m2 of adequate public space per
inhabitant reduced the probability of being obese or
overweight by 0.2% [95% confidence interval (CI) =
− 0.004 to − 0.001]. In addition, adequate public space
reduced the probability of frequent physical distress by
0.1% (95% CI = − 0.002 to − 0.001). In both of these
outcomes, results differ by sex in magnitude, with wom-
en benefitting more than men. Regarding mental dis-
tress, results differ by sex, benefitting men and affecting
women.

The number of lighted parks was negatively associated
(at a 1% level of statistical significance) with the probabil-
ity of being obese, suggesting that one additional lighted
park per 10,000 inhabitants can reduce the probability of
being obese by 0.8%; however, it was counterintuitive that
there was a positive association between the number of
lighted parks and a higher probability of feeling mentally
or physically ill at 0.3% (95%CI = 0.002–0.003) and 0.2%
(95% CI = 0.002–0.002), respectively. Results differ by
sex in magnitude but not in sign.

Lastly, on the average, one additional bus station
increased the probability of being obese or overweight
by 1.1% (95% CI = 0.008–0.013), the probability of
frequent mental distress by 0.3% (95% CI = 0.001–
0.004), and the probability of frequent physical distress
by 0.02% (95% CI = 0.000–0.003). Results differ by
sex in magnitude but not in sign for weight problems
and physical distress. However, for mental distress,
women are less likely to report such problems and
men are more likely to do it, with better availability of
massive transportation stations.

Discussion

Despite Latin America being a region having some of
most violent cities in the world, we are not aware of any

Table 2 Overall characteristics of the study sample, Cali:
CaliBRANDO (2014)

Characteristic Year 2014
(n = 1206)

Demograhipcs and income (%)

Men 50.2

Women 49.8

Mean age (SE) (years) 38.1 (0.4)

Mean schooling (SE) (years) 11.4 (0.1)

High score in life satisfactionb 47.3

Owns vehicle 31.3

More than 1 and less than 2 minimum wages of
monthly incomea

42.9

Marital status (%)

Married 21.8

Living in common law 25.0

Single 41.9

Divorce 6.1

Widower 2.6

Children (%)

Parent 65.4

Mean number of children (SE) 1.3 (0.4)

Health (%)

Health insurance 92.0

Satisfied with weight 56.8

Felt physically ill 14 days or more 9.7

Felt mentally ill 14 days or more 8.1

Mean days per month felt physically ill (SE) 2.4 (0.2)

Mean days per month felt mentally ill (SE) 2.7 (0.2)

Mean height (SE) (m) 1.7 (0.0)

BMI (%)

Obese (≥ 30 kg/m2) 8.8

Overweight (25–29.9 kg/m2) 33.3

Normal (18.5–24.9 kg/m2) 55.2

Underweight (< 18.5 kg/m2) 2.8

BMI body mass index
a Theminimumwage was USD308 in 2014, with an exchange rate
of 2000 pesos per dollar
b Respondents were asked: BOn a scale from 1 to 10, how satisfied
are with your life?^ where 1 is very dissatisfied and 10 is very
satisfied. On this scale, 9 and 10 are considered a high score in life
satisfaction
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study whether population health, as measured by obesi-
ty rates and subjective mental and physical health con-
ditions, is affected by homicide rates and lack of public
goods provision such as lighted parks and adequate
public space. There is evidence of this relationship, but
most studies on this subject have been conducted in
cities in developed countries where crime rates are sig-
nificantly lower and public goods are higher in number
and quality. Cali, which remains one of the most violent
cities in the world, offers a unique opportunity to test the
direction, significance, and magnitude of these environ-
mental effects.

The study was possible because of a unique dataset
available on Cali and, to our knowledge, on any city in
Latin America. The dataset comprises a population sur-
vey that includes CDC five questions on the self-
reported health status and measures of weight and
height. It is the only survey in the country for population
health outcomes with city-level representativeness.

Our analysis found a robust and statistically signifi-
cant negative association between homicide rates, pub-
lic goods provision, and health outcomes after control-
ling for observed and unobserved time-invariant factors
at both the individual and district levels in 2014, a year
with the lowest observed rate since 1994 (homicide rate
was 120 in 1994, 91 in 2004, and 60 in 2014). Assuming
that those higher homicide rates seen > 20 years ago
were evenmore harmful to population health, our results
show that several generations of Cali inhabitants suf-
fered from the lack of government control over crime
and its lack of investment in public goods provision.

Our results also showed that men and women are not
similarly vulnerable to the effects of individual and
district-level factors on their psychological or physical
distress and obesity. The literature had shown that fear
of neighborhood violence during adolescence predicts
obesity in African American female adults [36, 37]. In
our study, the effects of homicide rates on obesity were
statistically significant for men but not for women,
showing that in this context, contemporary fear is a
stronger stressor for men than women. Regarding fre-
quent mental distress, our study found the effects of
increased violence to be stronger for women than men.
A previous study on African American youths in the
USA showed that neighborhood fear may contribute to
depressive symptoms for males but not for females [38].
The difference in population and context hinders the
possibility to contrast both studies. Nonetheless, it rein-
forces the idea that there are gender differences in how

neighborhood fear and public goods availability affect
health outcomes [39, 40]. Both quantitative and quali-
tative studies in developing countries must include gen-
der differences in their research designs.

Colombian cities are constantly growing. It has been
shown that the urban setting and public goods provided
by the government, including homicide deterrence, gen-
erate positive environmental factors that influence the
health outcomes of its residents [2, 16]. The important
variation in terms of the availability of adequate public
space and district crime rates is a call for the government
to introduce interventions to provide better and equally
distributed public goods to improve the physical and
mental health outcomes of its citizens as well as con-
tribute to the curtailment of the obesity epidemic.
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