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Abstract
Objective  We study the obesity transition by 
socioeconomic status (SES), gender and age within the 
Colombian urban population at the country, regional and 
department levels.
Design  The study is informed by cross-sectional data 
from the 2005 and 2010 ENSIN survey. We used these 
data to develop a system dynamics model that simulates 
the dynamics of obesity by body mass index (BMI) 
categories, gender and SES at the country, regional and 
department levels from 2005 to 2030.
Participants  The sample size of the 2005 ENSIN 
comprised 8515 children younger than 5 years, 32 009 
children and adolescents aged 5–17 years and 48 056 
adults aged 18–64 years. In 2010, the corresponding 
numbers were 11 368, 32 524 and 64 425, respectively.
Primary and secondary outcome measure  The obesity 
prevalence ratio and prevalence rates for each BMI 
category.
Results  The results show, at the country level, transitions 
from overweight to obesity were projected to increase 
sharply among lower SES adults, particularly among 
women, suggesting that these groups will undergo an 
obesity transition by 2030. The model projections also 
indicate that the regions of Colombia are in different 
stages of the obesity transition. In the case of women, five 
out of the six regions were expected to undergo an obesity 
transition by SES over time. For men, only one region was 
expected to undergo an obesity transition. However, at the 
department level, trends in the burden of obesity varied.
Conclusions  We evidence that the Colombian population 
could be experiencing an obesity transition where the 
increase in the GDP could be related to shifts in the burden 
of obesity from higher to lower SES, especially in women. 
These patterns support the need for policy planning that 
considers SES and gender, at the national and subnational 
levels, as important determinants of overweight and 
obesity among adults in Colombia.

Introduction
Obesity has become a global epidemic with at 
least 2.8 million deaths each year attributable 
to overweight and obesity.1 Obesity and over-
weight are associated with a range of non-
communicable diseases (NCDs) including 

cardiovascular diseases, cancer, diabetes and 
chronic respiratory diseases. These NCDs are 
the leading global cause of death (70% of 
deaths worldwide),2 especially in low-income 
and middle-income countries (LMICs).3

Studies of socioeconomic status (SES) 
and obesity have shown that LMICs are 
facing an obesity transition, which sees the 
burden of obesity shift towards the lowest 
SES group, particularly in women, as the 
economic development level of a country 
increases.4–7 Growing evidence suggests that 
several countries in Latin America and the 
Caribbean are experiencing an important 
and rapid obesity transition8 9 (eg, Chile,10 
Brazil,11 12 Colombia,13–15 Mexico16 and 
Argentina17). These findings have been 

Strengths and limitations of this study

►► To our knowledge, this is the first system dynamics 
(SD) model to explore the obesity transition by age, 
gender and socioeconomic status (SES) at the na-
tional and subnational level.

►► The SD model has the capacity to incorporate a real-
world ageing population structure from an upper 
middle-income country to dynamically explore the 
relationship between gross domestic product (GDP), 
and overweight and obesity prevalence, by gender 
and SES.

►► Our study focuses only on GDP per capita as the 
main indicator of economic development at the 
country, region and department levels. This is the 
only indicator we had with available data across all 
time points and at both the national and subnational 
levels.

►► Transference rates (TRs) between body mass index 
(BMI) categories were estimated using two data 
points, and we assumed no variation in mortality 
rates across BMI categories because these data 
were not available.

►► Our model assumes that the estimated TRs between 
BMI categories do not change over time.
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echoed most recently by Jaacks et al,18 who suggest that 
some Latin American countries (eg, Mexico, Colombia 
and Brazil) have experienced an obesity transition. In 
1975, these countries were in a stage characterised by a 
higher prevalence of obesity in women compared with 
men. In 2016, these countries had entered a new stage 
that is characterised, mainly, by a reduction in the differ-
ence in obesity prevalence, by SES, among women.

This paper focuses on Colombia because it has experi-
enced significant increases in the gross domestic product 
(GDP) over the past decade (GDP increased from US$ 
145.181 billion in 2005 to US$ 293.482 billion19 in 
2015). Additionally, Colombia has high social inequality 
that allows for the categorisation of the population into 
differentiated socioeconomic groups. This socioeco-
nomic differentiation makes it especially relevant for 
the study of obesity transition patterns. According to the 
World Bank’s GINI index, Colombia is ranked the fourth 
most unequal country in Latin America.20 Moreover, 
there is evidence that Colombia may be undergoing an 
obesity transition both at the country and regional levels. 
According to the 2005 and 2010 ‘Encuesta Nacional de la 
Situación Nutricional en Colombia’ (ENSIN) survey,21 22 
at the country level, there was a higher increase in the 
prevalence of obesity in the lowest wealth index (WI) 
quintile compared with the highest WI quintile for chil-
dren, adolescents and adults. These patterns, however, 
differ importantly by region and department levels but 
have not been evaluated. Identifying obesity transition 
patterns at the national and subnational levels is key to 
developing more targeted and effective interventions.

Furthermore, obesity can be tackled as a complex 
adaptive system23 due to the global scope, heteroge-
neous patterns, wide-ranging causes and impacts and 
the absence of a single solution. Given the dynamic and 
complex nature of obesity, calls have been made for the 
use of complex systems methods to better understand and 
address the public health challenges posed by the obesity 
epidemic.24 To date, however, most studies focused on 
understanding the relationship between economic 
development and obesity across the socioeconomic spec-
trum have applied statistical models (regression-based 
approaches).5–7 Studies employing complex systems 
approaches to understand obesity and its associated factors 
have used methods, such as system dynamics (SD),15 25–29 
network analysis30–34 and agent based modelling.35–38 The 
body of literature applying complex system approaches to 
investigate the dynamics of obesity by SES and gender on 
the other hand remains limited. The only such study that 
has been conducted in a Latin American country has not 
accounted for diversity at the sub national level.18 39

At the population level, various SD models have been 
proposed to study the dynamics of obesity, for example: 
the nutritional stage dynamics between body mass index 
(BMI) categories by age and SES,15 the energy imbal-
ance gap (EIG) by gender and racial subpopulations 
among US adults,26 weight gain and obesity in women 
of reproductive age and its impact on family building,25 

the distributions of weight and SES and the transitions 
between these states over time in USA29 and the effect of 
changes in the eating behaviour of British children (aged 
2–15 years) on weight and obesity.27 These studies were 
developed to monitor the impact of health interventions 
and to evaluate different policy scenarios seeking to curb 
obesity prevalence.

Although different SD models have been developed to 
study obesity dynamics at the population level, to date, 
there has been no attempt to understand this complex 
system at the national and sub national levels. Charac-
terising obesity dynamics at these levels could afford 
important insights relevant to the development of 
targeted obesity prevention initiatives by age, gender and 
SES. This study seeks to bridge this gap by applying SD 
modelling to investigate obesity transitions by SES, gender 
and age, along with their relationship to GDP,within the 
Colombian urban population at the country, regional 
and department levels over time. Specifically, we seek to 
identify in which regions and departments of Colombia 
the burden of obesity have shifted towards the lower SES 
populations and how these shifts relate to regional level 
and department level GDP.

Methods
Model overview
To analyse the obesity dynamics at the national and 
subnational levels, we developed a population-level SD 
model and used a heuristic to estimate the transition 
rates (TRs) between BMI categories by age, gender and 
SES using data obtained, mainly from the 2005 and 2010 
ENSIN for individuals aged 0–64 years, which were based 
on a validated and calibrated model.15 40 Specifically, tests 
assessing the suitability of the SD model showed that the 
model was robust and that the simulated behaviour was 
consistent with the expected results for the estimated 
prevalence rates for each BMI category and age.15 We 
estimated the TRs between BMI categories by age, gender 
and SES and applied the SD model to simulate and inves-
tigate the obesity dynamics by SES within the Colombian 
urban population from 2005 to 2030. We only simulated 
the urban population because the highest SES group in 
rural areas is poorly represented (ie, less than 0.05% of 
the population).41

Data
The study is based on cross-sectional data obtained 
from the 2005 and 2010 ENSIN.21 22 The ENSIN used a 
multistage, stratified, population-based cluster sampling 
design that included both household and individual 
components. The questionnaire was administered in the 
home by female interviewers equipped with computer-
assisted personal interview technology. The sample for 
2005 comprised 8515 children younger than 5 years, 32 
009 children and adolescents aged 5–17 years and 48 
056 adults aged 18–64 years. In 2010, the corresponding 
numbers for the sample were 11 368, 32 524 and 64 425, 
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Table 1  Data sources used in the model

Item Data source

Prevalence rates by BMI category, age and WI at country, regional and department levels

 � BMI for age and gender z-score for children and adolescents aged 0–17 
years by WI

National Nutrition Survey (ENSIN), 2005.21

 � BMI category prevalence by age, gender and WI for adults National Nutrition Survey (ENSIN), 2010.22

Population composition at country, regional and department levels

 � Population size by age, gender and WI Colombian National Department of Statistics (DANE). Estimations 
and population projections for 1985–2020.56

 � Mortality rates by age group and gender DANE. Vital Statistics (2005).45

 � Fertility rate World Data Bank. World Development Indicators (1960–2014).57

Projections for 2015–2030. Forecast series using the Holt-Winters 
no seasonal method in EViews 10 (Quantitative Micro Software, 
LLC).

DANE. Population series-Fertility estimations (1985–2005) y 
Projections (2005–2020) for Colombia departments.56

 � Fraction of births by BMI category and gender National Nutrition Survey (ENSIN), 2005.21

Classification of individuals by BMI category

Height-for-age z-score and BMI for age and gender z-score cut-off points 
for children and adolescents aged 0–17 years:

 � Not overweight: BMI for age and gender z-score ≤1 SD WHO child growth standards.42

WHO child growth references.43
 � Overweight: BMI for age and gender z-score >1 SD and ≤2 SD

 � Obese: BMI for age and gender z-scores >2 SD

BMI category cut-points for adults aged 18–64 years:

 � Not overweight: BMI <25 kg/m2 WHO cut-off points.44

 � Overweight: BMI ≥25 and <30 kg/m2

 � Obese: BMI ≥30 kg/m2

SES indicator

 � Wealth index quintile National Nutrition Survey (ENSIN), 2005.21

National Nutrition Survey (ENSIN), 2010.22

Economic development level indicator

 � GDP per capita at regional and department level DANE. GDP per capita.49

Projections for 2017–2030. Forecast series using the double 
exponential smoothing method in EViews 10 (Quantitative Micro 
Software, LLC).

BMI, body mass index; DANE, Colombian National Department of Statistics; DHS, Demographic and Health Surveys; GDP, gross domestic product; 
SES, socioeconomic status; WI, wealth index.

respectively. All the data used in the model were obtained 
from public sources and are fully available in online 
supplementary information 1–3. Table  1 describes the 
data sources used in the model.

Patient and public involvement statement
Due to the very technical methods required to do the data 
analysis, patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination 
plans of this research.

Model to assess the obesity dynamics
We used a population-level SD model to assess the obesity 
dynamics by SES at the national and subnational levels. 
The model is characterised by ageing chains, which are 
robust structures commonly used in SD models to under-
stand the evolution of ageing in a population. They are 

especially important when population data are sparse. 
Our population-level SD model includes ageing chains for 
three BMI categories (not overweight, overweight and obese), 
in which the population aged 0–59 years was divided into 
age groups of 5 years. People in the 60–64 age group are 
not represented in the SD model. This is because 2010 
prevalence rates by BMI categories for the age group 
65–69 years, which are required for a reliable estimate 
of the TRs for this age group, are unavailable. Individ-
uals were classified into the three BMI categories based 
on WHO standards and references (table  1).42–44 Addi-
tionally, in the SD model structure, we included births 
and deaths (the mortality rates differed among the age 
groups and gender) for each cohort.40 Given our interest 
in investigating the obesity dynamics by SES, we assumed 
the same mortality rate for each BMI category in each age 

https://dx.doi.org/10.1136/bmjopen-2019-036534
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group. The net migration rate (NMR) is another variable 
that could be included in an ageing chain structure. At 
the country level, NMR ranges from −0.23% to −2.65% 
for the different age groups of 5 years. At the department 
level, the NMR ranges from −0.18% to −1.47% for nega-
tive values and from 0.18% to 1.38% for positive values 
among the different age groups and departments. Never-
theless, we did not include net migration as a variable 
in the SD model because, to date, there are no data for 
Colombia that relate to mortality rates or net migration 
patterns by BMI category.45 46

To stratify the population by SES group, we used the 
World Bank’s WI.47 It is a validated index that allows cate-
gorisation of the population into socioeconomic groups 
and captures quality of life markers.48 We grouped the WI 
quintiles into three socioeconomic groups: the lowest and 
second quintiles (lowest SES group), the middle quintile 
(middle SES group) and the fourth and highest quintiles 
(highest SES group).

To examine the obesity transition by SES over time, 
we compared the lowest SES group with the highest SES 
group using the simulated obesity prevalence ratio (PR), 
which is a measure of the ratio of the probability, for each 
gender j, of being obese in the lowest SES group to the 
probability of being obese in the highest SES group for 
individuals aged 20–59 years, according to the following 
equation:
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Where t represents the time in years of the simulation; 
Ni,j,1, Wi,j,1 and Oi,j,1 represent not overweight, overweight and 
obese individuals with the lowest SES, respectively, in age 
group i and gender j, and Ni,j,3, Wi,j,3 and Oi,j,3 represent 
not overweight, overweight and obese individuals of higher 
SES, respectively, in age group i and gender j. A PR value 
greater than 1 indicates that the obesity prevalence of the 
lowest SES group is greater than the obesity prevalence of 
the highest SES group. We assumed that individuals did 
not change SES group membership because there are no 
available data from which TRs between SES groups can 
be derived for individuals in Colombia at the country, 
regional or department level. Additionally, we used the 
GDP per capita to study the relation between the level of 
economic development and obesity by SES over time. To 
analyse the relation between obesity PRs by SES and the 
economic development level over time, we forecasted the 
GDP per capita from 2017 to 2030 by applying a double 
exponential smoothing method to GDP data from the 
DANE.49 The full description of the SD model is available 
in the online supplementary information 3, pp. 3–5.

We used a similar SD model to simulate the obesity 
dynamics at the regional and department levels. At the 
regional level, we studied the obesity dynamics by SES 

and gender in six regions: Atlántica, Bogotá, Central, 
Oriental, Orinoquía y Amazonia and Pacífico. At the 
department level, we only studied the obesity dynamics 
by SES in 29 of 32 departments of Colombia (a map of 
Colombia by regions and departments is available in the 
online supplementary information 3, pp. 8). The model 
could not be used to simulate Choco, Vaupes and Vichada 
departments because reliable TR estimates could not 
be generated for these departments due to limitations 
in the ENSIN data. Similarly, data sparsity for the Putu-
mayo, Amazonas, Guainía and Guaviare departments 
made it impossible to estimate the TRs for the highest 
SES group. Therefore, for these departments, we assessed 
the obesity dynamics by SES, by comparing the lowest SES 
group with the middle SES group using the PR of obesity. 
Additionally, the forecasts of the GDP per capita for the 
Arauca, Casanare, Meta and Putumayo departments were 
not used because these departments had an unstable 
GDP per capita growth over time and the forecasts there-
fore did not have a good fit. Finally, at the department 
level, we did not include gender to simulate the obesity 
dynamics and to estimate the TRs between BMI catego-
ries due to limitations in the ENSIN data when we divided 
the population into BMI categories, gender and SES. The 
data processing was conducted using SAS V.9.3 and Math-
ematica 11 (Wolfram Research, Inc) while all simulations 
were run on iThink 9.0.2 (ISEE Systems, Inc).

Results
Obesity dynamics at country level by gender, age and SES
The results of the heuristic show that estimated TRs 
towards overweight (τ1) and obese (τ2) were larger 
among individuals in the lower SES group, particularly 
women (mean τ1=0.0195 and mean τ2=0.0059, for men; 
and mean τ1=0.0245 and mean τ2=0.0125, for women), 
than among those in the middle (mean τ1=0.0159 and 
mean τ2=0.0037, for men; and mean τ1=0.0164 and 
mean τ2=0.0095, for women), or higher SES groups 
(mean τ1=0.0143 and mean τ2=0.0061, for men; and 
mean τ1=0.0169 and mean τ2=0.0041, for women) 
(figure 1A–D). For boys aged 0–4 years, the TRs to over-
weight (τ1) and obese (τ2) were larger in the highest 
SES than the other SES groups (figure 1A,C). For boys 
aged 10–14, the TR from obese to overweight (τ3) and 
from overweight to not overweight (τ4) were larger in 
the middle and higher SES groups than in the lower SES 
group according to heuristic estimates. For girls aged 5–9 
years, however, the TR from obese to overweight (τ3) were 
larger in the middle and higher SES groups than in the 
lower SES group. For girls aged 0–4 years, the TR from 
overweight to not overweight (τ4) were larger in the lower 
SES group than the other SES groups (figure 1E–H).

Simulation results show that children and adolescents 
aged 0–14 years (both boys and girls) will show no major 
changes in their BMI category distribution over time, 
across all SES populations. However, the burden of obesity 
is shifting towards the lower SES populations, especially 

https://dx.doi.org/10.1136/bmjopen-2019-036534
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Figure 1  Estimated transference rates between BMI categories by age and SES for men and women at country level. (A) 
Not overweight to overweight (τ1) for men, (B) overweight to obese (τ2) for men, (C) obese to overweight (τ3) for men and (D) 
overweight to not overweight (τ4) for men. (E) Not overweight to overweight (τ1) for women, (F) overweight to obese (τ2) for 
women, (G) obese to overweight (τ3) for women and (H) overweight to not overweight (τ4) for women. BMI, body mass index; 
SES, socioeconomic status.
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Figure 2  Estimated prevalence rates by BMI category, age, gender and SES group. For men: (A) Not overweight, lower SES; 
(B) not overweight, middle SES; (C) not overweight, higher SES; (D) overweight, lower SES; (E) overweight, middle SES; (F) 
overweight, higher SES; (G) obese, lower SES; (H) obese, middle SES; and (I) obese, higher SES. For women: (J) not overweight, 
lower SES; (K) not overweight, middle SES; (L) not overweight, higher SES; (M) overweight, lower SES; (N) overweight, middle 
SES; (Ñ) overweight, higher SES; (O) obese, lower SES; (P) obese, middle SES; and (Q) obese, higher SES. Blue=2005; 
green=2010; red=2020; orange=2030.
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Figure 3  Obesity prevalence ratio (PR) among urban adults 
aged 20–59 years. (A) Men. (B) Women. SES, socioeconomic 
status. Figure 4  Prevalence ratio of obesity (lower SES vs higher 

SES) among urban adults aged 20–59 years versus gross 
domestic product (GDP) per capita at regional level. Obesity 
prevalence ratios greater than 1 signal obesity transitions by 
SES. Bubble size based on the total GDP per capita for each 
region. We calculated the forecast of the GDP per capita 
from 2017 to 2030. (A) Men. (B) Women. SES, socioeconomic 
status.

among adults (figure  2). Between 2005 and 2030, men 
aged 14–59 years are moving towards overweight and 
obesity categories (figure 2A–C). Specifically, the preva-
lence of overweight among men aged 20–59 years in the 
lowest, middle and highest SES groups increased from 
28.5% to 49%, from 34.8% to 49.1% and from 40.8% to 
50.6%, respectively (figure  2D–F). Among obese men 
aged 20–59 years, the differences between SES groups 
were also striking with a lower, middle and higher SES 
increased from 7.9% to 13.6%, from 11.9% to 14% and 
from 14.7% to 16.1%, respectively (figure 2G–I). In the 
case of women aged 14–59 years, they are also moving 
towards overweight and obesity categories (figure 2J–L). 
Specifically, the prevalence of overweight among women 
aged 20–59 years in the lowest, middle and highest SES 
groups increased from 32.6% to 46.8%, from 34.2% to 
43.8% and from 33.8% to 50.2%, respectively (figure 2M,N 
and figure 2Ñ). Among obese women aged 20–59 years, 
the differences between SES groups were even more 
prominent than in men with a lower, middle and higher 
SES increased from 13.8% to 29%, from 19.1% to 26.6% 
and from 18.3% to 19.8%, respectively (figure 2O–Q).

The simulated obesity PRs among urban men and 
women aged 20–59 years (figure  3) confirm that the 
burden of obesity among adults, especially women, 
tends to shift towards those with lower SES. In fact, we 
confirmed, for both men and women, that obesity in the 
lower SES population is increasing faster than obesity in 
higher SES populations. Despite these trends, however, 
for men, the burden of obesity is projected to remain 
greatest among individuals with higher SES, at least up to 
and potentially beyond 2030.

Obesity dynamics at region level by gender, age and SES
The model projections further indicate that the regions 
of Colombia are in different stages of the obesity tran-
sition (figure  4). For men, the only region that was 
projected to experience an obesity transition was Orino-
quia y Amazonia. However, the GDP per capita within 
this region increased only from 2005 to 2013 (percentage 
increase of 124.86%), followed by a small decrease in the 
period between 2014 and 2016. In the Atlántica, Pací-
fica and Central regions, the PR of obesity increased 
more rapidly in the lowest SES group than the highest 
SES group as the GDP per capita increases. Nevertheless, 
according to our model, these regions were unlikely to 
experience an obesity transition by 2030. Bogotá and 

Oriental regions were also not expected to undergo an 
obesity transition. In fact, the model’s projections indi-
cate that these two regions would likely follow an inverted 
trajectory compared with other regions in Colombia 
(figure  4A). In the case of women, in five out of the 
six regions (ie, Atlántica, Oriental, Central, Pacífico 
and Orinoquia y Amazonía), the burden of obesity was 
projected to shift towards populations with lower SES, 
as the GDP per capita increased. Our model projections 
also suggest that these regions were likely to experience 
an obesity transition (figure  4B). While the burden of 
obesity was also observed to shift towards populations 
with lower SES in Bogotá, women in this region were not 
projected to undergo an obesity transition, unlike those 
in the other regions (figure 4B).

Obesity dynamics at department level by SES
Akin to the model projections at the regional level, we 
observed that the departments of Colombia are also at 
different stages of the obesity transition (figure 5). In nine 
departments, we observed that the obesity PR increased 
more rapidly in the lowest SES group than in the highest 
SES group as the department’s GDP per capita increased: 
Amazonas, Guanía, Cauca, Valle del Cauca, Boyacá, Antio-
quia, Tolima, Caldas and San Andres. In the departments 
of Santander, Atlántico, Bolívar, Norte de Santander, 
Cesar, La Guajira, Magdalena and Sucre the obesity PR 
increased more rapidly in the lowest SES group than in 
the highest SES group as the GDP per capita increased, 
though these departments were unlikely to experience an 
obesity transition according to model estimates. Similarly, 
in the departments of Arauca, Casanare and Putumayo, 
the PR of obesity increased more rapidly in the lower SES 
group than in highest SES group (for the period with 
useable GDP estimates), though no obesity transitions 
were apparent during the available years. However, in 
departments of Cundinamarca, Córdoba, Huila, Nariño, 
Quindío, Risaralda, Caquetá and Guaviare, the obesity 
PR increased more rapidly in the highest SES group than 
in the lowest SES group, despite increases in the GDP 
per capita (figure 5). Similarly, in the Meta department, 
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Figure 5  Prevalence ratio of obesity (lower SES vs higher 
SES) among urban adults aged 20–59 years versus gross 
domestic product per capita at department level. Obesity 
prevalence ratios greater than 1 signal obesity transitions 
by SES. (A) Atlántica region. (B) Oriental region. (C) Central 
region. (D) Pacífica region. (E) Orinoquia y Amazonia region. 
Bubble size based on the gross domestic product per capita. 
We calculated the forecast of the GNP per capita from 2017 
to 2030. GNP, gross national product; SES, socioeconomic 
status.

the obesity PR increased more rapidly in the higher SES 
group than in the lower SES group (for the period with 
useable GDP estimates).

Discussion
The findings of this paper indicate that there exist substan-
tial variations in the projected burden of obesity by gender, 
age and across the socioeconomic spectrum within and 
across the regions and departments of Colombia. At the 
country level, transitions from overweight to obesity were 
projected to increase sharply among lower SES adults, 
particularly among women, suggesting that these groups 
will undergo an obesity transition by 2030. These patterns 
were also observed across most regions of Colombia 
where increases in GDP were predicted to shift the 
burden of obesity from higher to lower SES groups, also 
being most evident for women. Although several regions 
were projected to experience increases in GDP, men in 
only one region in Colombia (Orinoquia y Amazonia) 
were expected to undergo an obesity transition by SES 
over time. At the department level, trends in the burden 
of obesity were mixed. For some departments, the burden 

was projected to shift from higher to lower SES groups, 
with several of these departments expected to undergo an 
obesity transition. However, inverse trends were observed 
in other departments, where increases in GDP were 
accompanied by more rapid increases in obesity preva-
lence among higher compared with lower SES groups. 
These patterns support the need for policy planning that 
considers SES and gender, at the national and subna-
tional levels as important determinants of overweight and 
obesity among adults in Colombia.

Our overarching finding that the burden of obesity is 
projected to shift towards lower SES populations, partic-
ularly among women, as GDP per capita increases, is 
consistent with previously published studies focusing 
predominantly on country-level trends.5–7 9 18 29 50 For 
example, a systematic review published in 2004, studying 
associations between SES and obesity in developing coun-
tries, found that the burden of obesity shifts to lower SES 
groups as a country’s gross national product increases.5 
Furthermore, our results also align with the findings of 
Jones-Smith et al’s study.51 The authors observed that 
while overweight and obesity remained most prevalent 
among higher income individuals in most countries, over 
time, the prevalence of obesity rose among those with the 
lowest income as GDP per capita increased. Most recently, 
using evidence from over 30 countries, Jaacks et al18 
illustrated the different stages of the obesity transition, 
demonstrating that as the level of economic development 
increases, the prevalence of obesity is greater in popula-
tions with lower SES than in the higher SES, especially in 
women.

This paper also provides unique insights into how a 
system can demonstrate vastly different patterns and 
behaviour at different levels of aggregation. For example, 
increases in GDP were associated with obesity transition 
by SES at the country level and across most regions of 
Colombia, particularly among women. This patterning, 
however, was not consistently observed at the department 
level where seemingly only the departments that experi-
enced sizeable increases in economic development, such 
as Amazonas, Guanía, Cauca, Valle del Cauca, Boyacá, 
Antioquia, Tolima, Caldas, San Andres, Santander, Atlán-
tico, Bolívar, Cesar, La Guajira, Magdalena and Sucre, 
were projected to undergo an obesity transition by SES, as 
the GDP per capita increased. These findings are consis-
tent with the study by Jaacks et al,18 which suggested that 
variations in obesity transitions at a subnational level may 
be explained by socioeconomic factors and inequalities. 
It is also possible that the observed differences across 
country/region and department levels are an artefact 
of our study’s exclusive focus on GDP, the only indicator 
we had with available data across all time points and at 
the national and subnational levels. Perhaps other indi-
cators, such as the Human Development Index (HDI) 
or education level, have a more robust relationship with 
the obesity transition across country, region and depart-
ment levels.6 Another potential reason for the observed 
differences at the department level could relate to the 
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fact that we were unable to model obesity dynamics by 
gender, due to data sparsity. Countries in LMIC partic-
ularly Latin American countries are very unequal and 
diverse.52 As such, the heterogeneity in obesity transitions 
should be taken into account in the planning of targeted 
interventions. This study is the first to provide insights at 
the subnational level.

The current analysis also has important policy impli-
cations. For Colombia, the results provides patterns of 
transition by SES and gender that are crucial to monitor 
the implementation of policies like the National Policy 
of Food and Nutrition Security and the obesity law 
(National law 1355/2009), which stipulates that schools 
should ensure fruit and vegetable availability, implement 
food education programmes and regulate the consump-
tion of highly caloric foods and beverages. Both policies 
have intersectoral actions to control the broad spectrum 
of malnutrition and NCDs in Colombia. Furthermore, in 
regions like Amazonia & Orinoquia and Atlántica, policies 
have principally been directed towards tackling under-
nutrition, but our results also underscore the potential 
importance of programmes aimed at controlling obesity 
transitions. In fact, policies in Colombia should account 
for the double burden mainly in low-income communi-
ties.53 In addition, our results also underscore the impor-
tance of programmes aimed at preventing obesity which 
could include physical activity (PA) promotion, healthy 
eating and tax schemes for sugar-sweetened beverages 
and ultra-processed foods. In this context, PA promotion 
programmes like the Hábitos y Estilos de Vida Saludable 
(HEVS; Healthy Life Habits) programme and the taxes 
on sugar-sweetened beverages are key initiatives. The 
HEVS programme, in which women are more likely to 
participate, provides free community-based PA classes 
for individuals across Colombia and has been shown to 
decrease BMI, waist circumference and hypertension.54 
Lastly, simulations of the potential impact of a tax on 
sugar-sweetened beverages shows that it could reduce 
overweight and obesity prevalence particularly among 
low SES populations.55

The findings of this study should be considered in light 
of a few limitations. First, the accuracy of the model’s 
predictions is limited given that the TRs between BMI 
categories could only be estimated using two data points: 
the 2005 and 2010 ENSIN survey. Future studies should 
validate model trends against survey data collected over 
a longer temporal window. Second, we assumed no vari-
ation in mortality rates across BMI categories because 
these data were not available. To this end, future data 
collection efforts should include more nuanced collec-
tion of mortality data and regular assessments of BMI 
by age, gender and WI at the national and subnational 
levels. Third, our model assumes that the estimated TRs 
between BMI categories do not change over time. Future 
extensions of the model should dynamically incorpo-
rate the impact of other factors, on temporal changes 
in BMI TRs and their effects on obesity PR projections 
by SES. Fourth, our study focuses on GDP per capita 

as the main indicator of economic development at the 
country, region and department levels. Future studies 
should explore other measures, such as HDI or educa-
tion level, that may function as better indicators of social 
and economic development across all three spatial units. 
Fifth, given the purpose of the study and aims defined 
for the SD model, we focus on characterise obesity tran-
sition patterns by SES, gender and age at different levels 
over time. Nevertheless, it is important to study the effect 
that the intersectionality between SES and gender could 
generate in the dynamics of obesity and in the health 
system. Particularly, it could be important to study and 
characterise vulnerable population subgroups such as 
lower SES women who, based on the findings of our study, 
are increasingly transitioning from overweight to obesity. 
Therefore, future studies should focus on assess the over-
lapping categories of inequality that could be involved 
in the relationship between BMI categories, SES and 
gender. Finally, given our finding that trends in obesity 
transition vary across the national and subnational level, 
future studies should explore whether threshold effects 
in GDP could explain these observations, and whether 
indeed, there exist different critical points for transitions 
at the country, region and department levels.

Conclusion
Our model suggests that increases in GDP may be associ-
ated with shifts in the burden of obesity from higher to 
lower SES urban dwellers, especially lower SES women. 
According to the model’s projections, by 2030, these 
shifts could signal obesity transitions among lower SES 
women. These patterns were consistently observed at the 
country level and across most regions in Colombia. There 
are several implications of these findings, including policy 
planning at different levels of government and the poten-
tial need to target population subgroups at greatest risk 
of obesity transition in the coming years.
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