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Context 
Risk Factors (2019)  
• High body mass index(BMI), was 

the fifth for females and the sixth 

for males risk factor for attributable 

deaths globally.2 

• Low physical activity was the 

thirteenth for females and fifteenth 

for males risk factor for attributable 

deaths globally . 2 

 
High BMI, among 2010-2019, accounted for 
more than 1% of DALYs and were increasing in 
age-standardised SEVs by more than 1% per 
year. 

 

 

Low physical activity, among 2010-2019, was in the risk factor 

group that the annual rate of change was either statistically 

insignificant (p>0·05) or the annual rate of change was between 

−0·5% and 0·5% per year.2 
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Context 

2015 

 Overweight and obesity have 

represented among 2% and 

9% of the total health care 

cost in different countries4-7 

 71% of the deaths in the world due to 

non communicable chronic diseases 

(NCDs).1 

 
• Over 77%: Low and middle 

income countries SALURBAL



Context: 
In a recent study, Jaacks et al. [8] proposed a conceptual model of the four stages of the 
obesity transition.  
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Purpose 

Investigates the obesity 

transition by socioeconomic 

status (SES), gender, and age 

within the Colombian urban 

population at the country, 

regional and department levels. 

To apply a SD model to investigate obesity transitions by 

SES, gender, and age, along with their relationship to 

Gross Domestic Product (GDP). 

To identify in which regions and departments of 

Colombia the burden of obesity have shifted towards the 

lower SES 
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Dinámica de sistemas 
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Modeling the system 

 

SALURBAL



Data sources used in each model 
Item Data Source 

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

BMI for age and sex z-score for children and adolescents aged 0 to 17 

years by WI  

Colombia: Standard Demographic and Health Survey (DHS)-, 2005 

Dataset [35] 

Colombia: Standard DHS, 2010 Dataset [36]  BMI category prevalence by age and WI for adults 

Population composition by BMI category, age, gender, WI at country, regional, and department level 

Population size  
Colombian National Department of Statistics  (DANE). 

Estimations and population projections for 1985–2020 [38] 

Mortality rates by age group DANE. Vital Statistics (2005) [37] 

Fertility rate 

 

World Data Bank. World Development Indicators (1960–
2014) [39], and DANE. 

Projections for 2015–2030. Forecast series using the Holt-

Winters no seasonal method in EViews 5 (Quantitative 

Micro Software, LLC)  

Fraction of births by BMI category Colombia: Standard DHS, 2005 Dataset [35] 

Classification of individuals by BMI category, age, gender, WI at country, regional, and department level 

Height-for-age z-score and BMI for age and sex z-score cutoff points 

for children and adolescents aged 0 to 17 years: 

Not overweight: BMI for age and sex z-score ≤1 standard 

deviation. 

Overweight: BMI for age and sex z-score >1 standard 

deviation and ≤ 2 standard deviations.  

Obese: BMI for age and sex z-scores >2 standard deviations.  

WHO child growth standards [40] 

WHO child growth references [41] 

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

Not overweight: BMI <25 kg/m2 

Overweight: BMI ≥25 and <30 kg/m2 

Obese: BMI ≥30 kg/m2 

WHO cutoff points [42] 
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System Dynamics Model 
Overview of the system dynamic model structure34 

where                  

                      population of not overweight, overweight, and obese individuals in the age group i, (i ∈  (0,….,11)), gender j (j ∈ (1=men, 

    2=women)), and SES group k (k ∈  (1=lower, 2=middle, and 3=higher SES));                           

    births per year of each BMI category, gender j and SES group k;                   

                          exit rates of individuals per year for each age group i, gender j, SES group k, and BMI category;                           

                          survival fraction of individuals per year for each age group i, gender j, SES group k, and BMI category; 

                 transference rates (fractions of individuals that move) between BMI categories by age group i,  gender j, SES group k 

.  

𝑁𝑖 ,𝑗 ,𝑘 ,𝑊𝑖 ,𝑗 ,𝑘 ,𝑂𝑖 ,𝑗 ,𝑘  

𝐵𝑁,𝑗 ,𝑘 ,  𝐵𝑊,𝑗 ,𝑘 ,𝐵𝑂,𝑗 ,𝑘  𝐸𝑖 ,𝑗 ,𝑘𝑁 ,𝐸𝑖 ,𝑗 ,𝑘𝑊 ,𝐸𝑖 ,𝑗 ,𝑘𝑂  𝑆𝑖 ,𝑗 ,𝑘  𝜏1𝑖,𝑗 ,𝑘 , 𝜏2𝑖,𝑗 ,𝑘 , 𝜏3𝑖,𝑗 ,𝑘 , 𝜏4𝑖,𝑗 ,𝑘  
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System Dynamics Model by SES 
We calculate a obesity prevalence ratio (PR) by gender j at time t  

to examine the obesity transition of the Colombian urban 

individuals aged 20 to 59 years at different levels (national, 

regional and department level): 

Where 

    Population of not-overweight, overweight, and   

obese individuals of the lower SES in the age group i and gender j 

respectively 

at time t. 

 

                    Population of not-overweight, overweight, and 

obese individuals of the higher SES in the age group i and gender j 

respectively at time t. 

𝑃𝑅𝑗 (𝑡) =

 𝑂𝑖 ,𝑗 ,1(𝑡)11𝑖=4  𝑁𝑖 ,𝑗 ,1(𝑡) + 𝑊𝑖 ,𝑗 ,1(𝑡) + 𝑂𝑖 ,𝑗 ,1(𝑡) 11𝑖=4  𝑂𝑖 ,𝑗 ,3(𝑡)11𝑖=4  𝑁𝑖 ,𝑗 ,3(𝑡) + 𝑊𝑖 ,𝑗 ,3(𝑡) + 𝑂𝑖 ,𝑗 ,3(𝑡) 11𝑖=4

   

𝑁𝑖 ,𝑗 ,1(𝑡), 𝑊𝑖 ,𝑗 ,1(𝑡), 𝑂𝑖 ,𝑗 ,1(𝑡) 

𝑁𝑖 ,𝑗 ,3(𝑡), 𝑊𝑖 ,𝑗 ,3(𝑡), 𝑂𝑖 ,𝑗 ,3(𝑡) 

SALURBAL



Obesity dynamics by gender, 

age, and SES 

At country level 
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.  

Fig 1. Estimated prevalence rates of BMI categories by age and SES groups 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. Blue = 2005; Green = 2010; Red = 2020; Orange = 2030. 

The obese prevalence increase more 

rapidly among individuals with a lower 

SES than among individuals with a 

middle or higher SES 

This analysis show that men may be 

experiencing an obesity transition in 

which the higher prevalence of obesity 

is changing from higher SES to the 

lower.  
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.  

Fig 2. Estimated prevalence rates of BMI categories by age and SES groups for women. (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. Blue = 2005; Green = 2010; Red = 2020; Orange = 2030. 

It is more evident that the obese 

prevalence increase more rapidly 

among women with a lower SES than 

among women with a middle or higher 

SES.  

This analysis show that women may be 

experiencing also an obesity transition. 
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.  

The simulated obesity PRs among urban men and 

women aged 20–59 years confirm that the 

burden of obesity among adults, especially women, 

tends to shift towards those with lower SES 

Fig 3. Obesity prevalence ratio amongst urban adults aged 20 to 59 years. A) 

Men . B) Women 
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Obesity dynamics by gender, 

age, and SES 

At regional and department 

level 
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Fig 4. Prevalence ratio of obesity (Lower SES vs Higher SES) amongst urban adults aged 20 to 59 years vs 

gross domestic product (GDP) per capita at regional level. 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 

The regions of Colombia are in different stages of the obesity transition. 

For men, the only region that was projected to experience an obesity 

transition was Orinoquia y Amazonia. In the case of women, in five out of 

the six regions (i.e., 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 increases. 
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Fig 5. Prevalence ratio of obesity 

(Lower SES vs Higher SES) amongst 

urban adults aged 20 to 59 years vs 

gross domestic product per capita. 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 

In nine departments, we 

observed that the burden of 

obesity was projected to shift 

towards populations with lower 

SES, as the GDP per capita 

increases : Amazonas, Guanía, 

Cauca, Valle del Cauca, Boyacá, 

Antioquia, Tolima, Caldas, and 

San Andres. 

However, inverse trends were observed 

in other departments Córdoba, Huila, 

Nariño, Quindío, Risaralda, Caquetá and 

Guaviare), where increases in GDP were 

accompanied by more rapid increases in 

obesity prevalence among higher 

compared with lower SES groups. 
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Discussion and future work 
Using the population SD model: 

 At 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. 

 At regional and department level, 

 Regions and departments of Colombia are in different steps in the obesity transition 

process.  

 The obesity transition 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. 

 At the department level, trends in the burden of obesity were mixed. Some 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 

prevalence among higher compared with lower SES groups. 
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Discussion and future work 

 The model offers policymakers a useful tool to better monitor obesity transitions among diverse 

segments of the population.  

 The model could be employed to estimate the TRs between BMI categories by age, gender, and 

SES, and to help identify which subgroups of the population should be targeted.  

 The model could also be used to monitor the impact of health interventions implemented to 

prevent the development of overweight and obesity related to age, gender, and SES. 

 Future research might consider this model:  

 To assess the obesity transition in other LMICs, especially on understanding the dynamics of 

obesity by SES in other urban Latin American settings. 

 To understand the effects of some factors, such as Physical activity level, sedentary behaviours 

and consumption of processed food and sugary drinks on transference rates between BMI 

categories. 
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