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Abstract 
Introduction: There is evidence that malnutrition during the first 1000 days of life contributes to 
the development of chronic diseases in adulthood and therefore may produce a lasting impact on 
the health of the population. Colombia, like other middle-income countries suffers the double 
burden of malnutrition in pregnant women and children under 5 years. Also, chronic diseases 
have positioned within the leading causes of morbidity and mortality. Objective: The aim is to 
estimate the burden of disease of noncommunicable chronic diseases-NCD’s (hypertension, 
obesity, diabetes mellitus II) in adults attributable to nutritional risk factors (no-breastfeeding 
and low birthweight) in the period of 1000 days in Colombia. Methods: The population attributable 
fraction and the number of NCD’s (hypertension, diabetes mellitus II and obesity) cases due to the 
risk factors (low birthweight and no-breastfeeding) were estimated. Prevalences of NCD’s and risk 
factors of interest were taken from national health surveys. Effect measures (odds ratios/relative 
risks) of the associations 1—low birthweight and hypertension, diabetes mellitus II and 
2—no-breastfeeding and obesity were obtained after a systematic literature search. Results: It 
was estimated that not receiving breastfeeding in the 1000 days could contribute up to 29.9% of 
all cases of obesity, equivalent to about 4,009,779 cases across the country. Low birth weight could 
contribute up to 2.1% of cases of hypertension in men and to 4.0% of cases in women, equivalent 
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to 103.769 cases across the country. In addition, low birth weight could contribute to 6.3% of 
diabetes mellitus II cases, which is equivalent to 23.857 cases in the country. Conclusion: In 
Colombia, risk factors during the first 1000 days like not receiving breastfeeding and having low 
birth weight could contribute up to 4,113,549 cases of obesity, hypertension and diabetes mellitus 
II, with important implications for the health of the population and the Colombian health system. 
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1. Introduction 
Currently, the non-communicable disease (NCD’s) pandemic is a public health priority [1]. It is known to affect 
both developed and developing countries, however most deaths occur in low and middle-income countries [1]. 
Well known preventable risk factors like tobacco and alcohol use, physical inactivity and unhealthy diet in- 
cluding high consumption of saturated fats and low consumption of fruits and vegetables can lead to NCD’s 
while contributing to physiological changes like raised blood pressure, excess weight, high blood sugar and lipid 
levels [1]. In addition to the aforementioned, other risk factors like child malnutrition, nutritional deficiencies 
and inadequate breastfeeding are also within the top 10 risk factors for mortality [1]. 

In 2008, it was estimated that in low- and middle-income countries; cardiovascular disease was the leading 
cause of death and the third leading cause of disability life years lost. It is expected that in 2020 NCD’s like 
cardiovascular disease, obesity and diabetes contribute with about 57% to the global burden of disease [2] [3]. 

Obesity has become a problem in areas where there is still undernutrition like Latin America, Asia and parts 
of Africa. It is known that in the last decade, the prevalence has doubled or tripled. Despite this, in many 
developing countries the approach remains towards the treatment of the opposite end of malnutrition (low height 
for age, anemia, micronutrient deficiencies and malnutrition) and not to prevent the end related with overweight 
and the resulting chronic diseases [4]. 

1.1. Evidence on the Development of Chronic Noncommunicable Diseases  
during Pregnancy and First 2 Years of Life 

Nutrition plays a key role in the prevention and control of morbidity and mortality due to NCD’s being one of its 
determinants. There is evidence that nutritional disturbances have important short- and long-term adverse effects. 
Cardiovascular disease, obesity and diabetes among others can be prevented with adequate nutrition during all 
life stages [5]-[11]. 

There is now evidence of the progress of the disease from risk factors such as poor eating habits and sedentary 
lifestyle during adulthood, and in the last decade compelling evidence about the contribution of some factors in 
the first days of life in the development of these diseases was published. Fetal and early postnatal life factors 
such as breastfeeding have been shown to decrease the risk of obesity, diabetes mellitus type 2, hypertension and 
dyslipidemia development in adulthood [5] [8]. 

It is also known that individuals living in countries that are in demographic and nutritional transition are at 
risk due to the combination of nutrient restriction in utero and exposure to a nutrient rich environment in early 
postnatal life, which may lead to an accelerated growth that produces adverse health consequences in the long 
term [11]. This phenomenon has been particularly studied in women in reproductive age and children under 5 
years [12] [13]. In these age groups in addition to observing major inequities between rural and urban areas, the 
coexistence of malnutrition (predominantly low height for age), anemia, vitamin A deficiency, overweight and 
obesity [14] [15] is observed. 

1.2. The Importance of the First 1000 Days of Life 
A critical 1000-day period that includes pregnancy and the first 2 years of age has been characterized as a period 
of high nutrition demand and essential for the development and growth of the individual [5] [6].  
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Inadequate fetal nutrition given by nutritional restriction, poor nutritional status of the mother (overweight) 
and diseases such as gestational diabetes are major early life exposures that may cause anatomical, hormonal 
and physiological changes altering the short-term survival the fetus and increasing the likelihood of developing 
diseases in the long term [16] [17]. Also, in recent decades, epidemiological evidence has shown that some 
conditions in early life have an impact on growth patterns, body composition and the long-term risk of chronic 
noncommunicable diseases (NCD) [18]-[20].  

The associations between low birth weight, diabetes mellitus type 2, excess weight, high blood pressure, and 
increased risk of cardiovascular disease and mortality were originally described in European countries in the 
1950 [18]-[20]. These observations led to investigations in which it was shown that inadequate nutrition during 
fetal development may induce changes that would provide a biological advantage in utero, but would become 
harmful in extra uterine environments with exposure to excess energy and lack of physical activity such as 
observed today [21]-[25]. This paradigm describes how during early life (fetal life, infancy and early childhood), 
the environment induces changes that have long-term health impact and risk of disease is known today as the 
early origins of health and disease (DOHaD: Developmental Origins of Health and Disease) [25]. 

Therefore, the evidence of early life interventions that may have an impact on the development of chronic 
diseases in adult life are compelling [18]-[26] and highlight the importance of proper nutrition in this period to 
counteract the effects of the epidemic of NCD’s. For example, during pregnancy maintaining an adequate 
nutritional status during pregnancy, receiving prenatal care, micronutrient supplementation and having a new- 
born with adequate birth weight have proven effective [15]. Also, receiving optimal breastfeeding, micronutrient 
supplementation, appropriate complementary feeding during the first 2 years of life prevent maternal and infant 
mortality [15] [26] [27]. 

1.3. The Malnutrition Problem during the 1000 Day Period in Colombia 
Like other middle-income countries, Colombia suffers the double burden imposed by malnutrition. In relation to 
breastfeeding, and although there appears to be a very slow progress, the median duration of exclusive breast- 
feeding increased from 0.5 months in 1999 to 2.2 months in 2010. Also the total duration of breastfeeding 
median increased from 11.3 months in 1999 to 14.9 months in 2010, however both indicators are still below the 
6 and 24 month international recommendation respectively [28]. 

Regarding the nutritional status, in the pregnant women group it was found that in 2010 only 42.9% had a 
normal body mass index, 16.2% were underweight, 24.8% were overweight and 9.8% obese [29], In newborns, 
the prevalence of low birth weight was 9.0% [30] and in children under 5 years overweight and obesity pre- 
valence was of 20.2% and 5.2% respectively [28]. 

As for the micronutrient deficiencies, a high prevalence of anemia, iron and vitamin b12 deficiency were 
found in both pregnant women and children under 3. Specifically vitamin A and zinc were deficient in children 
under 3 [28]. 

1.4. The Problem of NCD’s in Colombia 
In Colombia, there has been an increasing prevalence of overweight and obesity in the population, associated 
with the development of chronic diseases like diabetes, cardiovascular disease and hypertension [31] [32]. 
According to the National Institute of Health, in 2013 it was estimated that cardiovascular disease was the 
leading cause of death in Colombia [33]. 

As in other countries in Latin America and the Caribbean, Colombia has one of the largest burden of disease 
from non-communicable diseases according to the 2009 Global Report of the WHO [1]. In the last of the burden 
of disease studies conducted in 2007 it was noted that among the main causes of disability life lost years in the 
general population were hypertensive diseases [31]. It was estimated that ischemic heart disease rose from 52 
deaths per 100,000 population in 1998 to 64 in 2010 Also, that deaths related to cerebrovascular diseases was 
above 8%, compared with 5% in the 70’s. Finally, deaths attributable to diabetes increased from 0.4% in 1960 to 
4.4% in 2012 [32] [34].  

In Colombia the possible influence of malnutrition in the first 1000 days of life in the development of NCD’s 
has not been studied neither attempted to estimate. The objective of this study was to estimate the burden of 
disease of hypertension, obesity and diabetes mellitus II in adults attributable to no-breastfeeding and low 
birthweight in the period of 1000 days in Colombia. 
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2. Methods 
A Comparative Quantification of Health Risks for calculating population attributable fractions was conducted 
according to the World Health Organization methodology [35] [36]. Data of interest in relation to risk factors 
and outcomes was extracted from national databases.Statistical analyses were conducted in Microsoft Excel. The 
population attributable fraction was calculated after extracting data and creating the database (detailed data 
analyses described in Section 2.3.2). 

In order to be able to apply this methodology, it was assumed (hypothetical assumption) that the adult 
population of Colombia was exposed during their first 1000 days of life to a lack of breastfeeding and low birth 
weight (prevalences taken from population based surveys described below).  

However, it is known that the exposures could have been higher since these indicators have been gradually 
progressing according to national surveys. Therefore, it is very likely that the attributable morbidity estimate is 
underestimated, which reaffirms the importance of studying this issue in the country. Also, in this study the risk 
factors were treated as dicotomic (having or not having the risk factor) and therefore the no exposure category is 
the distribution that produced the less risk. These distributions were previously established in other studies and 
international literature. 

2.1. Variables Description 
The unit of analysis to determine the possible relationship between risk factors in the first 1000 days and the 
development of obesity, hypertension and diabetes mellitus type II were the departments of Colombia. In this 
area other assumption is that the values of the association measures employed have equal magnitudes for all 
departments. 

2.2. Exposure Variables  
No breastfeeding was defined as never having received breastmilk. It was taken from the National Nutrition 
Survey-ENSIN 2010 [35]. This is a mother self report in a household where a child under 5 years was identified. 
According to the literature it is known that is not the ideal variable, however is the only source that provides 
information in all the departments of Colombia. The low birth weight variable was taken also for all the 
departments of Colombia from the vital statistics of the National Department of Statistics—DANE 2011 [30]. 

2.3. Outcome Variables 
Hypertension, diabetes mellitus type II and obesity prevalences were taken from the National Demograpich 
Survey-ENDS 2010, National Health Survey 2007 and the National Nutrition Survey ENSIN-2010 [28] [29] [31] 
Table 1. 

2.3.1. PubMed Search—Effect Measures for the Associations of Interest 
Prior to the calculation of the attributable fraction, a PubMed literature search was conducted in August 2014 to 
identify longitudinal studies that had estimated effect measures (Odds Ratios or Relative Risks) between these 
nutritional risk factors in the 1000 days and the NCD’s of interest.  

Cohort, case control or meta-analysis studies that provided an effect measure between the risk factors and 
NCD’s of interest were identified. The search was conducted using key words that included the exposures and 
outcomes of interest. “breastfeeding” (lack of), “low birth weight” (<2500 grams at birth) and “obesity”, 
“diabetes”, “hypertension” (during adulthood). No date or language restrictions were included.  

The search only showed results for 2 of the 6 risk factors described in the literature (low birth weight, 
micronutrient supplementation during pregnancy, micronutrient deficiencies both in pregnancy and in the first 2 
years of life were found, excess maternal weight gain during pregnancy, suboptimal breastfeeding, complemen- 
tary feeding suboptimal), being not receiving breastfeeding and low birth weight. Therefore, the population 
attributable fraction was only estimated for these 2.  

Additionally, given that the search retrieved no studies in Colombia, the studies with population similar to the 
Colombian population were preferably chosen Table 2. A United States cohort study [37] [38] for the associa- 
tion between low birthweight and hypertension (adjusted for age, birth weight and parental history of comorbi- 
dity) and diabetes (analysis adjusted for age, BMI and maternal history of comorbidity) was chosen [38]. For the  
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Table 1. Prevalences of low birth weight, no breastfeeding, hypertension, diabetes mellitus type II and excess weight.        

  

% Low  
birth weight  

in men+ 

% Low  
birth weight 
 in women+ 

% 
Hypertension 

in men* 

% 
Hypertension 
in womens& 

% Diabetes 
mellitus type 
II, both sexes$ 

No 
breastfeeding 
both sexes** 

% Obesity)  
both sexes*** 

Regions 
Atlántica         

 Atlántico 8.4 10.0 45.4 18.3 4.1 3.3 52.6 

 Bolívar 7.3 8.5 28.6 10.4 1.6 2.5 47.3 

 Córdoba 8.2 9.6 34.6 20.8 2.2 6.8 44.6 

 Magdalena 6.5 8.4 28.1 13.3 1.4 4.1 45.1 

 Cesar 6.7 8.3 33.5 6.4 1.4 5.4 50.6 

 La Guajira 7.6 9.1 50.7 8.9 1.7 3.6 47.9 

 Sucre 7.4 8.6 46.8 25.7 2.6 7 45.9 

 
San Andrés y 
Providencia 7.3 5.7 30.0 17.4 1.5 3.6 65 

Oriental        

 Cundinamarca 7.2 8.7 35.5 11.6 1.9 4.9 55.4 

 Santander 7.1 8.8 36.0 16.8 3.0 4.3 52 

 Boyacá 8.1 9.8 36.1 6.8 1.0 3.9 52.8 

 
Norte de 

Santander 5.4 6.9 63.2 19.2 4.2 3.3 49.2 

 Meta 6.2 7.5 33.3 12.9 1.2 3.7 54.2 

Bogotá        

 Bogotá 12.4 15.1 43.5 14.1 2.2 2.9 51.3 

Central        

 Antioquia 8.5 10.1 34.6 17.0 3.0 4.6 49.3 

 Tolima 6.4 7.1 31.7 12.0 1.3 5.1 57.5 

 Huila 6.4 6.6 41.2 18.6 1.2 2.5 55.3 

 Caldas 5.3 6.4 51.1 24.8 0.8 6.2 51.0 

 Risaralda 8.7 8.6 31.5 18.4 0.5 6.1 48.2 

 Quindío 7.3 7.5 25.8 12.9 1.4 5.8 52.3 

 Caquetá 5.7 6.7 15.1 12.4 2.1 3.9 58.8 

Pacífica        

 
Valle del  

Cauca 8.7 9.5 46.3 21.4 3.2 4.2 53.9 

 Nariño 8.2 9.4 46.0 24.5 0.7 2.7 53.0 

 Cauca 6.8 7.5 53.4 17.1 0.9 3.3 50.6 

 Chocó 6.0 10.4 51.1 34.0 4.5 4.2 47.2 



A. Ramírez et al. 
 

 
391 

Continued 

Orinoquía y Amazonía  

 Casanare 3.4 4.5 13.4 3.6 5.0 2.1 57.9 

 Putumayo 2.8 4.0 32.9 12.6 2.1 5.3 50.1 

 Arauca 4.4 6.1 38.6 16.4 2.5 3.4 56.4 

 Guaviare 5.8 5.7 29.2 21.5 0.9 4.8 62.1 

 Vichada 2.9 3.9 16.6 8.3 1.6 3.9 58.4 

 Amazonas 3.9 5.3 28.9 13.3 7.7 2.2 45.8 

 Guainía 3.3 2.4 25.0 2.0 1.9 2.6 58.9 

 Vaupés 2.8 6.6 16.7 1.4 4.0 2.0 48.2 

Registro de estadísticas vitales. DANE 2011; *Hypertensive men 40 - 69 years, Encuesta Nacional de Salud 2007. Pontificia Universidad Javeriana- 
SEI-Ministerio de la Protección Social; Hypertensive women 25 - 54 years, Encuesta Nacional de Salud 2007. Pontificia Universidad Javeriana-SEI- 
Ministerio de la Protección Social; $Diabetes mellitus type II, 25 - 54 years, Encuesta Nacional de Salud 2007. Pontificia Universidad Javeriana-SEI- 
Ministerio de la Protección Social; Population de 0 - 4 years, both sexes, ENDS 2010**; ***Population 18 - 69 years, both sexes, Encuesta Nacional de 
Salud 2007. Pontificia Universidad Javeriana-SEI-Ministerio de la Protección Social. 

 
Table 2. Effect measures (OR/RR) search results, PubMed (August 2014).                                           

Risk factors in the  
first 1000 days 

NCD’s development 

Hypertension Diabetes Mellitus type Obesity 

Low birth weight 
“relative risk” OR “odds ratio” OR 
“cohorts group”AND hypertension 

AND “birth weight” 

“relative risk” OR “odds ratio” OR 
“cohorts group” AND diabetes 

AND “birth weight” 

“relative risk” OR “odds ratio”  
OR “cohorts group” AND  

obesity AND “birth weight” 

 416 results/14 eligible/2 selected 499 results/18 eligible/1 selected 308 results/9 eligible/0 selected 

Micronutrient 
supplementation 

“relative risk” OR “odds ratio” OR 
“cohorts group” AND hypertension 

AND “supplementation” 

“relative risk” OR “odds ratio” OR 
“cohorts group”AND diabetes AND 

“supplementation” 

“relative risk” OR “odds ratio”  
OR “cohorts group” AND  

obesity AND “supplementation” 

 86 results/3 eligible/0 selected 98 results/0 eligible/0 selected 35 results/0 eligible/0 selected 

Micronutrient  
deficiency 

“relative risk” OR “odds ratio” OR 
“cohorts group” AND hypertension 

AND “micronutrient deficiency” 

“relative risk” OR “odds ratio” OR 
“cohorts group” AND diabetes 

AND “micronutrient deficiency” 

“relative risk” OR “odds ratio”  
OR “cohorts group” AND obesity 
AND “micronutrient deficiency” 

 0 results/0 eligible/0 selected 0 results/0 eligible/0 selected 0 results/0 eligible/0 selected 

Maternal excess  
weight during  

pregnancy 

“relative risk” OR “odds ratio” OR 
“cohorts group” AND hypertension 

AND “maternal obesity” 

“relative risk” OR “odds ratio”OR 
“cohorts group” AND diabetes 

AND “maternal obesity” 

“relative risk” OR “odds ratio”  
OR “cohorts group” AND obesity 

AND “maternal obesity” 

 21 results/0 eligible /0 selected 61 results/0 eligible/0 selected 154 results/0 eligible/0 selected 

Suboptimal 
breastfeeding 

“relative risk” OR “odds ratio” OR 
“cohorts group” AND hypertension 

AND “breastfeeding 

“relative risk” OR “odds ratio” OR 
“cohorts group” AND diabetes 

AND “breastfeeding” 

Relative risk OR “odds ratio”  
OR “cohorts group” AND obesity 

AND “breastfeeding” 

 22 results/0 eligible/0 selected 41 results /2 eligible/0 selected 452 results /4 eligible/1 selected 

Suboptimal 
complementary  

feeding 

“relative risk” OR “odds ratio” OR 
“cohorts group” AND hypertension 

AND “complementary feeding” 

“relative risk” OR “odds ratio” OR 
“cohorts group” AND diabetes 
AND “complementary feeding” 

“relative risk” OR “odds ratio”  
OR “cohorts group” AND obesity 
AND “complementary feeding” 

 0 results/0 eligible/0 selected 0 results/0 eligible/0 selected 2 results/0 eligible/0 selected 

Total 545 results/17 eligible/2 selected 699 results/20 eligible/1 selected* 951 results/13 eligible/1 selected 

*This study reports both hypertension and diabetes mellitus type 2 as outcomes. 
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association between obesity and not breastfeeding data from a Brazilian cohort (adjusted for age, sex, weight 
and height in adulthood) [39] was used. This represented a limitation (caution needed when interpreting the 
results because of the expected demographic differences) for the result interpretation and is discussed in detail in 
the discussion section. Table 3 studies and association measures used are described. 

This study was classified as a study as safe according to the resolution 1993 008430 of the Colombian 
Ministry of Health. The study was submitted and approved by the ethics committee of the School of Govern- 
ment at the University of the Andes in Bogota, Colombia. 

2.3.2. Population Attributable Fraction and Attributable Cases 
Attributable risk is defined as the proportion of disease in exposed individuals that can be attributed to the 
exposure and is interpreted as the reduced risk of disease that would be achieved by eliminating or controlling a 
particular exposure (quantified as a percentage). From the attributable risk the number of people who would 
suffer the consequences of the exposure can be estimated Table 4. 

The estimate was performed with the following equation [35]: ( )( ) ( )( )PAF 1 1 1P RR P RR= − − + . 
P = prevalence of the risk factor. RR is the effect measure from the PubMed search. 
Attributable cases were estimated with the following equation = PAF * number of disease cases = disease cases 

due to the risk factor. 
These cases would be the proportional disease reduction, which would occur if exposure to the risk factor was 

reduced to zero Table 4.  
Finally, maps of Colombia with exposure levels, PAF’s and attributed cases were performed using ArcGIS 10.1 

software, in order to obtain a spatial view of the problem and locate the most affected regions which could be most 
benefited with interventions and public policy.  

3. Results 
In relation to the outcomes, it was found that: 1) the prevalence of having ever been breastfed in life in population 
0 - 4 years in the departments of Colombia was above 95% (SD 1.35). The prevalence of low birth weight (<2500 
grams) in men was 6.5% (SD 2.09) and in women was 7.7% (SD 2.39) Table 1. 

In relation to the outcomes, it was found that the prevalence of overweight and obesity in people aged 18 - 64 
years was on average 52.4% (SD 5.03). The prevalence of hypertension in men 40 - 69 years was 35.6% (SD 11.8) 
and women aged 25 - 54 was 15.0% (SD 7.13). 3) The prevalence of type 2 diabetes mellitus in the population of 
24 - 54 years of age in both sexes was 2.3% (SD 1.53) Table 1. 

It was determined that it not receiving breastfeeding could contribute to 29.9% of all cases of obesity (ranging 
from 28.7% to 30.8%), calculating up to 4,009,779 cases attributed nationwide. Table 5 and Figure 1 contains the 
department results. 

 
Table 3. Selected effect measures for the estimation of the population attributable fraction.                             

 

Outcomes 

Hypertension Diabetes  
mellitus type II Obesity 

Study name Reference Risk  
factors 

Men Women Both sexes Both sexes 

(40 a 75 years) (25 a 55 years) (25 a 55 years) (15 - 41 years) 

—Birth Weight and Adult 
Hypertension, Diabetes Mellitus, 
and Obesity in US Men. 

36 
Bajo peso 
(2500 g or 

less) 

1.26 (95% CI, 1.11 
- 1.44) 

1.43 (95% CI, 
1.31 - 1.56) 

1.75 (95% CI, 
1.51 - 2.03) NA 

—Birth Weight and Adult 
Hypertension and Obesity in 
Women. 

37 

—Infant-feeding patterns and 
cardiovascular risk factors in 
young adulthood: data from  
five cohorts in low- and 
middle-income countries. 

37 
Breastfeeding 
(at least once 

in life) 
NA NA 0.76  

(95% CI, 0.59 - 0.98) 
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Table 4. Colombia departaments with more attributable morbidity due to risk factors in the first 1000 days of life.           

 Obesity % Hypertension in men % Hypertension in women % Diabetes mellitus type 2 % 

1 Vaupés 30.8 Bogotá 3.1 Bogotá 6.1 Bogotá 9.3 

2 Casanare 30.7 Risaralda 2.2 Antioquia 4.1 Antioquia 6.5 

3 Amazonas 30.7 Valle del Cauca 2.2 Atlántico 4.1 Atlántico 6.5 

4 Bolívar 30.5 Antioquia 2.2 Boyacá 4.0 Valle del Cauca 6.4 

5 Huila 30.5 Atlántico 2.1 Córdoba 4.0 Boyacá 6.3 

6 Guainía 30.5 Nariño 2.1 Valle del Cauca 3.9 Córdoba 6.2 

7 Nariño 30.5 Córdoba 2.1 Nariño 3.9 Nariño 6.2 

8 Bogotá 30.4 Boyacá 2.1 La Guajira 3.8 Risaralda 6.1 

9 Atlántico 30.2 La Guajira 1.9 Santander 3.6 La Guajira 5.9 

10 Cauca 30.2 Sucre 1.9 Cundinamarca 3.6 Chocó 5.8 

11 Norte de Santander 30.2 San Andrés y  
Providencia 1.9 Risaralda 3.6 Sucre 5.6 

12 Arauca 30.2 Bolívar 1.9 Sucre 3.6 Cundinamarca 5.6 

13 La Guajira 30.1 Quindío 1.9 Bolívar 3.5 Santander 5.6 

14 San Andrés y Providencia 30.1 Cundinamarca 1.8 Magdalena 3.5 Bolívar 5.6 

15 Meta 30.1 Santander 1.8 Cesar 3.4 Cesar 5.3 

16 Boyacá 30.0 Cauca 1.7 Chocó 3.4 Magdalena 5.3 

17 Caquetá 30.0 Cesar 1.7 Cauca 3.1 Quindío 5.2 

18 Vichada 30.0 Chocó 1.7 Meta 3.1 Cauca 5.1 

19 Magdalena 29.9 Magdalena 1.7 Quindío 3.1 Meta 4.9 

20 Chocó 29.9 Tolima 1.6 Tolima 2.9 Tolima 4.8 

21 Valle del Cauca 29.9 Huila 1.6 Norte de Santander 2.9 San Andrés y Providencia 4.7 

22 Santander 29.8 Meta 1.6 Caquetá 2.8 Huila 4.6 

23 Antioquia 29.7 Guaviare 1.5 Huila 2.8 Caquetá 4.4 

24 Guaviare 29.6 Caquetá 1.5 Vaupés 2.7 Norte de Santander 4.4 

25 Cundinamarca 29.6 Norte de Santander 1.4 Caldas 2.7 Caldas 4.2 

26 Tolima 29.5 Caldas 1.4 Arauca 2.5 Guaviare 4.1 

27 Putumayo 29.4 Arauca 1.1 Guaviare 2.4 Arauca 3.8 

28 Cesar 29.4 Amazonas 1.0 San Andrés y Providencia 2.4 Vaupés 3.4 

29 Quindío 29.2 Casanare 0.9 Amazonas 2.2 Amazonas 3.3 

30 Risaralda 29.1 Guainía 0.8 Casanare 1.9 Casanare 2.9 

31 Caldas 29.1 Vichada 0.8 Putumayo 1.7 Vichada 2.5 

32 Córdoba 28.8 Vaupés 0.7 Vichada 1.7 Putumayo 2.5 

33 Sucre 28.7 Putumayo 0.7 Guainía 1.0 Guainía 2.1 

Highlighted in gray are the departments that were at least in the first 10 departments with highest population attributable fraction. 
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Table 5. Population attributable fraction of NCDs due to risk factors in the first 1000 days of life.                       

 Obesity Hypertension Diabetes mellitus type 2 

 Men  Women   

 % Attributable cases % Attributable cases % Attributable cases % Attributable cases 

Regions      
Atlántica      

Atlántico 30.2 214,704 2.1 2815 4.1 3562 6.5 2211 

Bolívar 30.5 155,427 1.9 1280 3.5 1364 5.6 649 

Córdoba 28.8 107,472 2.1 1047 4.0 2553 6.2 746 

Magdalena 29.9 82,639 1.7 557 3.5 1080 5.3 308 

Cesar 29.4 74,161 1.7 548 3.4 406 5.3 237 

La Guajira 30.1 58,578 1.9 431 3.8 548 5.9 232 

Sucre 28.7 56,922 1.9 850 3.6 1326 5.6 427 

San Andrés y Providencia 30.1 8677 1.9 67 2.4 87 4.7 29 

Oriental      
Cundinamarca 29.6 230,712 1.8 1935 3.6 1974 5.6 879 

Santander 29.8 183,199 1.8 1354 3.6 2706 5.6 1232 

Boyacá 30.0 110,554 2.1 1262 4.0 710 6.3 276 

Norte de Santander 30.2 106,112 1.4 1251 2.9 1422 4.4 844 

Meta 30.1 79,860 1.6 492 3.1 765 4.9 190 

Bogotá      
Bogotá 30.4 717,177 3.1 10,963 6.1 13,794 9.3 5877 

Central      
Antioquia 29.7 531,231 2.2 5516 4.1 8356 6.5 4368 

Tolima 29.5 130,295 1.6 1048 2.9 1417 4.8 400 

Huila 30.5 97,997 1.6 840 2.8 1072 4.6 214 

Caldas 29.1 86,004 1.4 829 2.7 1502 4.2 131 

Risaralda 29.1 77,632 2.2 958 3.6 1326 6.1 101 

Quindío 29.2 49,969 1.9 331 3.1 565 5.2 157 

Caquetá 30.0 40,092 1.5 94 2.8 283 4.4 137 

Pacífica      
Valle del Cauca 29.9 425,177 2.2 4605 3.9 8038 6.4 3115 

Nariño 30.5 145,985 2.1 1852 3.9 3254 6.2 251 

Cauca 30.2 109,267 1.7 1051 3.1 1511 5.1 199 

Chocó 29.9 30,180 1.7 548 3.4 406 5.8 403 

Orinoquía y Amazonía      
Casanare 30.7 31,150 0.9 22 1.9 31 2.9 124 

Putumayo 29.4 23,706 0.7 26 1.7 62 2.5 27 

Arauca 30.2 20,258 1.1 53 2.5 123 3.8 49 

Guaviare 29.6 9026 1.5 19 2.4 65 4.1 7 

Vichada 30.0 4960 0.8 3 1.7 7 2.5 3 

Amazonas 30.7 4661 1.0 6 2.2 20 3.3 25 

Guainía 30.5 3198 0.8 3 1.0 0.5 2.1 2 

Vaupés 30.8 2801 0.7 2 2.7 1 3.4 7 

Total 29.9 4,009,779 2.1 42,377 4.0 61,392 6.3 23,857 
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Figure 1. No breastfeeding and obesity prevalences and population attributable fraction.                   

 
On the map the prevalence of overweight and obesity (represented by circles with black contour color), the 

fraction of overweight and obesity attributable to non-breastfeeding (represented with blue circles), and the pre- 
valence of not breastfeeding (represented by background colors in the departments) are compared. Red colors 
show the prevalence of non-breastfeeding, on the other hand the difference between black and blue circles shows 
the ratio of prevalence and the proportion of attributable overweight and obesity. 

Additionally it was determined that low birth weight could contribute up to 2.1% of cases of hypertension in 
men (ranging from 0.7% to 3.1%) and in women up to 4.0% of cases of hypertension (ranging from 1.0% to 6.1%). 
This is equivalent to 103.769 cases across the country Table 4 and Figure 2. For type 2 diabetes mellitus is was 
estimated low birth weight may contribute to 6.3% of cases (ranging from 2.1% to 9.3%), equivalent to 23.857 
cases throughout the country Table 5 and Figure 3. 
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Figure 2. Low birth weight and hypertension prevalence in women, and population attributable fraction.         

 
When comparing morbidity due to obesity, hypertension and diabetes mellitus type 2 attributable to these 

nutritional risk factors, Bogotá, Antioquia, Atlántico, Boyacá, Valle del Cauca, Nariño and Guajira are among the 
top 10 departments with increased attributable morbidity Table 4. 

In the departments of Guainia, Casanare, Atlantic, Valle, Cauca, Santander, Boyaca and Meta it was observed 
that most of the obesity morbidity is attributed to non-breastfeeding. In Antioquia and Valle is where most cases 
are attributed and therefore potentially avoided. 

In the departments of Atlántico, Cesar, Bolivar, Santander, Bogota, Valle, Quindio, Tolima, Nariño, Guaviare, 
Casanare and Vichada most of the morbidity from hypertension in men is attributed to low birth weight. And in  
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Figure 3. Low birth weight and diabetes mellitus type II prevalence in men, and population attributable fraction.    

 
women it is in the departments of Cordoba, Chocó, Valle, Narino, Cauca, Tolima, Quindio, Huila, Caqueta, Norte 
de Santander and Santander, Meta and Magdalena. 

In the departments of Atlantico, Choco, Santander, Sucre and Boyaca it is observed that most of the morbidity 
from diabetes mellitus type 2 is attributed to low birth weight. 

In general, in the maps a difference between the Andean, Orinoco and Amazon regions can be observed. 
Furthermore, Antioquia,Valle and eje cafetero appear to be different from the rest of the country. 
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4. Discussion 
This is the first study in Colombia that showed that risk factors in the period of 1000 days like not receiving 
breastfeeding and having low birth weight could contribute up to 4,113,549 cases of obesity, hypertension and 
diabetes mellitus II in adulthood.  

Therefore, this study confirmed the importance of preventing nutritional risk factors during the 1000 days of 
life to potentially prevent the development of NCD’s such as obesity, hypertension and diabetes mellitus type II.  

According to the literature, we know that having these risk factors and living in environments where meta-
bolic disorders are prevalent contribute to the development of chronic diseases [23]-[26]. Therefore, in addition 
to determining the importance of preventing nutritional risk factors and promoting proper breastfeeding in the 
1000 days of life, attention should also be payed to the populations living in the departments where the preva-
lence of chronic diseases are higher. 

While it should be noted that the development of chronic disease is a multifactorial process, it is clear that the 
likelihood of developing them could be reduced if risk factors at all stages of life were prevented, specially at an 
important life period as the 1000 days. While literature shows many studies describing the association and the 
burden of disease among risk factors in adulthood (have a high fat diet, smoking and being physically inactive) 
and the development of chronic diseases (1, 39, 40), there are few and some inconclusive studies about the 
magnitude and impact on health of risk factors in early life and the development of NCD’s with measures of 
disease burden and population attributable fraction or DALYs. The World Health Organization’s 2008 health 
burden study is the only study that has estimated that suboptimal breastfeeding is among the top 10 risk factors 
to have more disability life lost years (DALYs) [40].  

One of the major findings of this study is the lack of updated evidence in the Latin American region about the 
association between nutritional risk factors in the 1000 days of life and the development of key causes of 
mortality in the region countries. It is essential to generate local evidence to solve the health problems of the 
region.  

The following methodological aspects should be taken into account as study limitations. In order to calculate 
the population attributable risk was necessary to use measures of association between the risk factor and the 
outcome of interest. Therefore, it was noted that studies meeting these inclusion criteria are very limited and 
practically nonexistent in Colombia and Latin America except for the studies Brazilian cohorts. Therefore the 
results need to be interpreted with caution, since underestimation and measurement errors are possible (in the 
case of diseases with a naturally long history, foreign cohorts may have a cumulative level of exposure different 
than the Colombian population). Additionally the difficulty to find studies with effect measures to be able to 
estimate the population attributable fraction and cases was a challenge and it was not possible to perform a 
metanalyses and calculate a pooled estimator. Finally, not having enough local data to determine exposure to 
risk factors also limited the application of the methodology to specific age groups, which suggests that the 
attributable fraction should be interpreted with caution.  

From an epidemiological perspective, it is known that this type of study involving variables in distant periods 
of life (intrauterine/perinatal and adolescence/adulthood exposures) is subject to a number of analytical 
problems, which does not mean they can not contribute to knowledge in the field of health in the life cycle. 
Known limitations include lack of measurements throughout life (BMI) and genetic factors, biological and 
socioeconomic confusion variables.  

Specifically in the case of diabetes mellitus type II and hypertension in women the association was found for 
a group of young people of 20 - 54 years which could underestimate the true burden of disease because in this 
case the prevalence of diabetes for both sexes women and hypertension were relatively low. Natural history of 
chronic diseases are known to begin and to be diagnosed at later ages. In the case of not having been breastfed 
the limitation was that the risk factor was very general (the survey question asked about ever giving 
breastfeeding in life). 

It should be noted that even though the brestfeeding variable was general, having breastfed at least once in life 
showed potential benefits on the control of the epidemic of chronic diseases. It is important to emphasize that 
breastfeeding should be practiced as determined in the international recommendations and if practiced properly 
could still provide more benefits on the control of NCDs in the country. Despite these limitations and according 
to the recommendations of the studies found, determining morbidity due to preventable risk factors in deve- 
loping countries like Colombia is a public health priority. The literature shows common regional challenges in 
health and nutrition. 
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Therefore the results of this study are relevant to decision makers to get a perspective of the possible health 
impact of interventions to promote optimal breastfeeding conducted in accordance with international recom-
mendations and to prevent low birth weight in the departments of Colombia. Is required to address these issues 
in the formulation of public policies at the national level, in addition, the use of spatialized indicators allows de-
cision makers to guide and coordinate policies and programs and conduct regional alliances. 

5. Conclusion  
This study showed that promoting optimal breastfeeding and preventing low birth weight in the Colombian 
population could prevent potential cases of obesity, hypertension and diabetes mellitus type 2 in adulthood, with 
important implications for the health of the population and the Colombian health system. 
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