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Abstract

Objective: We aimed to assess the maternal and family determinants of four anthropometric
typologies at the household level in Colombia for the years 2000, 2005 and 2010.

Design: We classified children <5 years old according to height-for-age Z-score (<—2) and BMI-
for-age Z-score (>2) to assess stunting and overweight/obesity, respectively; mothers were
categorized according to BMI to assess underweight (<185 kg/m?) and overweight/obesity (=25-0
kg/m?2). At the household level, we established four final anthropometric typologies: normal,
underweight, overweight and dual-burden households. Separate polytomous logistic regression
models for each of the surveyed years were developed to examine several maternal and familial
determinants of the different anthropometric typologies.
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Setting: National and sub-regional (urban and rural) representative samples from Colombia,
South America.

Subjects: Drawing on data from three waves of Colombia’s Demographic and Health Survey/
Encuesta Nacional de Salud (DHS/ENDS), we examined individual and household information
from mothers (18-49 years) and their children (birth-5 years).

Results: Higher parity was associated with an increased likelihood of overweight and dual
burden. Higher levels of maternal education were correlated with lower prevalence of overweight,
underweight and dual burden of malnutrition in all data collection waves. In 2010, participation in
nutrition programmes for children <5 years, being an indigenous household, food purchase
decisions by the mother and food security classification were also associated with the four
anthropometric typologies.

Conclusions: Results suggest that maternal and family correlates of certain anthropometric
typologies at the household level may be used to better frame policies aimed at improving social
conditions and nutrition outcomes.
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The association between family socio-economic status (SES) and undernutrition in low- and
middle-income countries(2~4) has been documented in several observational studies.
Generally, malnourishment is more common among children and adolescents from
households with low SES compared with children and adolescents from households that are
more affluent®). This association can be partly explained by inadequate access to high-
quality food, which itself is largely determined by household income. Another important
explanation is that poor households have limited access to basic services like sanitation and
potable water, which have a detrimental effect on the child’s health and nutritional
status®.7). There is evidence of an increasingly inverse relationship between SES and the
prevalence of overweight and obesity in middle-income countries, mainly among
women(®-11)_ A systematic review conducted by Dinsa et a/.(12) found that in low-income
countries or in countries with a low Human Development Index, the association between
SES and obesity appears to be positive for both men and women: that is, the more affluent
and/or those with higher educational attainment are more likely to be obese. However, in
middle-income countries or in countries with a medium Human Development Index, the
association becomes mixed for men and mainly negative for women. Higher prevalence of
overweight has also been documented among disadvantaged and vulnerable population
groups such as indigenous people in low- and middle-income countries(!1.13.14) This
transition, which has already occurred in many other countries (e.g. the USA, Mexico and
Brazil), is currently underway in Colombia. Overweight and obesity are growing at a faster
rate among the most disadvantaged groups in Colombia including low-SES, indigenous and
rural households(1%),

There is also a large body of evidence on how maternal characteristics determine
malnutrition status of the child, both for undernutrition and overweight/obesity. Malnutrition
determinants that have been explored in prior studies include maternal age, maternal weight,

Public Health Nutr. Author manuscript; available in PMC 2020 April 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Parraetal.

Page 3

maternal education, parity and indigenous ethnicity6-18). McDonald et a/.(1% found that
low maternal parity was positively associated with childhood overweight in Bogota. Another
study found higher levels of mother’s education to be highly correlated with a lower
prevalence of stunting(16). This same study found that mother’s overweight was positively
associated with overweight of the child6). A study conducted among four Andean
countries, including Colombia, found that prevalence of stunting among the indigenous
population was at least three times higher than among non-indigenous populations(@9).
Regarding maternal age, data from a large cohort study from low- and middle-income
countries found that older maternal age was associated with less stunting(@L).

Family dynamics such as composition of the family and work status of the mother have been
found to be associated with a child’s nutritional status. A study conducted by Crepinsek et
al. found that children and adolescents whose mothers worked full time had lower diet
quality and variety, with reduced consumption of fibre and Fe, and higher consumption of
soft drinks and packaged foods(22). A recent study conducted in Bogota among 7000 school-
aged children found that those from high SES under their grandparents’ care were more
likely to be undernourished than children not under grandparents’ care, likely due to
consumption of less food and also less nutritious foods by the former group(@3.

Another study conducted in Bogota revealed that parity, maternal age and single-parent
households were positively related with household food insecurity and inversely related to
household income and home assets. In this same study, children from families with food
insecurity were more likely to be underweight than those from food-secure families and
household hunger was positively associated with underweight mothers(24). In the Colombia
region of Antioquia, Hackett ef a/. found that household food insecurity was positively
associated with child stunting and underweight(>),

Despite this evidence, the majority of studies conducted in Colombia have examined the
determinants of the nutrition transition at the individual level; very few have explored this
issue considering typologies of nutritional status at the household level. In addition, there is
not a clear understanding of how the relationships of the familial and household
determinants have changed over time, which can provide insights to guide policy actions.
Moreover, only a few studies have focused on the dual burden of malnutrition in Colombia,
and none of these have established differences between socio-economic characteristics.

The goal of the present study was to assess several maternal and familial determinants of the
different anthropometric typologies in the nutrition transition at the household level in 2000,
2005 and 2010. Variables included in the analyses were selected according to existing
evidence from Colombia(15:16.18.19.24-26) For the year 2010, we were also able to examine
additional variables introduced that year, including the correlation between purchasing
decisions at the household level, participation in government-subsidized nutrition
programmes for children younger than 5 years, indigenous households and food security.
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Data description

We performed a secondary data analysis of three cross-sectional, nationally representative
samples using the Demographic and Health Surveys/Encuesta Nacional de Salud (DHS/
ENDS 2000, 2005 and 2010) from Colombia. The DHS are a series of surveys collected
every 5 years to identify health, mental health, women’s empowerment, and problems
associated with sexual and reproductive health. For the years 2005 and 2010 the DHS was
linked to Colombia’s National Nutrition Survey, a survey assessing population nutrition.
Household and individual questionnaires include questions on housing and living conditions
and on the characteristics of all persons living within the household. Information on
maternal variables and information from all children aged 5 years or younger were used in
the current analysis. Objectively measured anthropometric indicators of mothers aged 18-49
years and of children aged 5 years or younger were also gathered during these surveys and
used in the current analysis. These surveys used a probabilistic, multistage, stratified cluster
sampling design to identify and select sampling units, households and individuals, which
guaranteed national and sub-regional representativeness. There was a lower representation
from high-SES households in the surveys, which reflects the actual distribution of this
population group in the country (less than 6 % ). Response rates ranged from 74-3 to 85-0%
for BMI measures. Detailed information about the sampling design for the DHS in
Colombia can be found elsewhere(27),

The present analysis used information from children younger than 5 years of age and their
mothers aged 18 to 49 years (excluding pregnant women and homes with more than one
eligible mother).

Measures and variables

Weight and height were measured directly by trained DHS staff, using standardized
measuring equipment. Weight was measured to the nearest 1.0 kg, with participants wearing
light clothing and without shoes, using a digital weighing scale (SECA model 770,
Brooklyn, NY, USA). Height was measured to the nearest 1-0 cm using a portable
stadiometer (Shorr Productions, Olney, MD, USA). Length was measured (in the prone
position) in children under 2 years old and height was measured (in the standing position) in
children aged 2 years or older.

Dependent variables

Nutritional status of children.: First, all children aged 0-5 years from eligible households
were classified according to height-for-age Z-score (HAZ) to assess stunting (HAZ <- 2).
Overweight and obesity in children was determined using a BMI-for-age Z-score (BMIZ)
cut-off point of >2 according to the WHO guidelines(28),

Nutritional status of mothers.: Mothers” BMI was determined using the WHO cut-off
points as underweight (<18:5 kg/m?), overweight (25:0-29-9 kg/m2) or obese (=30-0 kg/m?).
The categories of overweight and obese were merged.
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Anthropometric typologies.: Four mutually exclusive categories were developed based on
child and maternal nutritional status. To derive these categories, nineteen possible
combinations of anthropometric status were obtained and were grouped according to the
most prevalent distribution within the category. More information about how each category
was classified and obtained can be found elsewhere(16),

1. Normal households: No stunting or obesity among any of the children, and the
mother has a normal BMI.

2. Underweight households: At least one child is stunted, the remaining children
can be normal, and the mother is underweight.

3. Overweight households: At least one child is obese, the remaining children can
be normal, and the mother is overweight/obese or normal.

4, Dual-burden households: At least one child is stunted, the remaining children can
be normal, and the mother is overweight/obese.

Independent variables

Maternal variables.: Several maternal variables were included in the present study. They
were categorized into different groups depending on prior studies exploring similar topics, as
well as based on the efficiency of the statistical models. These variables were maternal age
(categorized in three groups: 18-30, 31-39 and 40-49 years), maternal education
(categorized in three groups: no formal education, elementary school and high school or
more) and maternal parity (classified as one child v. two or more children).

Family variables.: Family variables included in the present study were area of residence
(urban v. rural), indigenous household (yes v. no), female head of household (yes v. no) and
household economic status (measured with a wealth index proposed by Rutstein and
Johnson(@® and developed for use in DHS). The wealth index assesses the presence in the
household of a range of assets, such as television, type of flooring, water supply, refrigerator,
electricity, radio, television and domestic servant. The index is then estimated via principal
components. For the present study, we used the following quintile categories of the wealth
index already calculated and included in the survey: first (poorest), second and third
(middle), and fourth and fifth (richest). Food purchase decisions were defined taking account
of who in the home decides which foods to purchase (mother, father, other). Food security
was measured with the scale developed and adapted by Alvarez et a/. (39 in 1624 homes in
the State of Antioquia, Colombia, that was also used and validated by Lorenzana and
Mercado®) in Venezuela. The scale is based on the original scale developed by Wehler et
al32) and classifies homes as food secure, low food insecurity, moderate food insecurity and
severe food insecurity. Family type was categorized into two groups: nuclear (mother, father,
and children) v. extended (grandparents, uncles, aunts, etc.) Participants were also asked if
they had received assistance from government nutrition programmes for children under 5
years old; this variable was categorized as yes v. no.
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Data analysis

Results

Polytomous logistic regression models were conducted exploring the associations between
household anthropometric typologies and several maternal and family determinants for
2000, 2005 and 2010, including maternal age, maternal education, mother’s parity, wealth
index, area of residence, family type and female head of household, using normal
households as the reference category. Additional variables entered in the model for the year
2010 (the only year where this information was available) included indigenous ethnicity,
food security classification, food purchase decisions and participation in government
nutrition programmes for children younger than 5 years. OR and 95% CI were calculated to
test for statistical significance. Collinearity between variables was assessed by calculating
variance inflation factors and correlation coefficients. None of the variables included in the
models presented correlation coefficients higher than 0-6 or variance inflation factor values
higher than 3-2. A Pvalue greater than 0-05 and less than 0-10 was used to determine
marginal statistical significance, while a P value less than 0-05 determined statistical
significance(33). All analyses accounted for the complex sampling design and used the
appropriate sampling weights. The statistical software package Stata version 12 was used for
all statistical analyses.

Descriptive characteristics of the sample for all three DHS/ENDS (2000, 2005 and 2010) are
presented in Table 1. The majority of the sample (59% in 2000, 60% in 2005, 61% in 2010)
was classified in the 18-30 years category for maternal age. In 2000, 15% of the sample was
classified in the highest quintile category of the wealth index, while 22 and 24% were
classified in the lowest and the second quintile, respectively. The distribution did not change
significantly from the second to the highest wealth quintile, but the percentage of the
population in the lowest wealth quintile was higher in 2010 at 33% of the sample.

Determinants of anthropometric typologies in the year 2000

As shown in Table 2, families in the second-highest wealth category (OR=0-5; 95% CI 0-2,
0-8) were less likely to be classified as underweight typology compared with normal
typology. Parity (two or more children: OR=1-6; 95% CI 1-3, 2-0) and maternal age (31-39
years: OR=1-8; 95% CI 1.4, 2.1; 40-49 years: OR=2-4; 95% CI 1.5, 3:6) were associated
with the prevalence of overweight anthropometric typology compared with normal typology.
The second (OR=1.4; 95% CI 1.0, 2.0), third (OR=1-4; 95% CI 1.0, 2-1), fourth (OR=1.8;
95% CI 1-1, 2-7) and fifth (OR=1.6; 95% CI 1.0, 2.-5) wealth index categories were
positively associated with the likelihood of being classified in the overweight typology
compared with normal typology. The larger the household size (OR=1-1; 95% CI 1.0, 1-2)
and the greater the number of children younger than 5 years (OR=1.9; 95% CI 1-4, 2-6)
residing in the house, the greater the likelihood to be classified in the dual-burden typology.

Determinants of anthropometric typologies in the year 2005

As shown in Table 3, maternal education of high school or more (OR=0-6; 95% CI 0-3, 0-9)
was associated with a lower likelihood of being classified in the underweight typology
compared with normal typology. Families in the second (OR=0-7; 95% CI 0-5, 0-8), third
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(OR=05; 95% CI 0-4, 0-7), fourth (OR=0-5; 95% CI 0-3, 0-7) and fifth (OR=0-2; 95% ClI
0-1, 0-4) wealth index categories were less likely to be classified in the underweight
typology compared with normal typology. Having two or more children (OR=1.6; 95% ClI
1.3, 1.8) significantly increased the likelihood that a home was classified in the overweight
typology v. normal typology. Homes with mothers classified in the elementary category of
education were more likely to be classified in the overweight typology compared with
normal typology (OR=1-4; 95% CI 1.0, 2:0). As maternal age increased (31-39 years:
OR=1.6; 95% CI 1-4, 1-8; 40-49 years: OR=2-0; 95% CI 15, 2-6) there was a greater
likelihood that a household would be classified in the overweight typology. The second
(OR=1-3; 95% CI 1.0, 1.6), third (OR=1.4; 95% CI 1.0, 1-7), fourth (OR=1.5; 95% CI 12,
2-0) and fifth (OR=1-5; 95% CI 1.1, 2.0) wealth index categories were positively associated
with the likelihood of being classified in the overweight typology compared with normal

typology.

Maternal parity of two or more children (OR=2-2; 95% CI 1-4, 3-2) was associated with a
higher likelihood of being classified as a dual-burden household compared with a normal
household. Homes with maternal education of high school or more (OR=0-6; 95% CI 0-3,
1.0) were less likely to be classified in the dual-burden typology compared with normal
typology. Homes in the highest wealth index quintile (OR=0-5; 95% CI 0-2, 0-9) were less
likely to be classified as a dual-burden household compared with a normal household. The
greater the number of children younger than 5 years residing in the household (OR=2-2;
95% CI 1:8, 2-8), the more likely to be classified in the dual-burden typology.

Determinants of anthropometric typologies in the year 2010

As shown in Table 4, maternal parity of two or more children (OR=0-8; 95% CI 0:6, 0-9)
was negatively associated with the likelihood of being classified in the underweight typology
compared with normal typology. High school or more maternal education (OR=0-3; 95% CI
0-2, 0-6) was associated with a lower likelihood of being classified as an underweight
household. Families in the highest wealth index category (OR=0-6; 95% CI 0-3, 0-9) were
less likely to be classified as an underweight household compared with normal households.
Homes where food purchasing decisions were made by the mother (OR=1-2; 95% CI 1.0,
1.5) were more likely to be classified as an underweight household. Households classified as
indigenous (OR=2-1; 95% CI 1.5, 2:7) were more likely to be classified in the underweight

typology.

Having two or more children (OR=1.5; 95% CI 1-3, 1.7) increased the likelihood that a
home would be classified in the overweight typology v. normal typology. As maternal age
increased (31-39 years: OR=1-5; 95% CI 1.3, 1-7; 40-49 years: OR=2-1; 95% CI 1.6, 2-6)
there was a greater likelihood that a household would be classified in the overweight
typology. Homes where food purchasing decisions were made by the mother (OR=0-8; 95%
CI 0-6, 0-8) were less likely to be classified as an overweight household. Homes classified as
indigenous (OR=1-4; 95% CI 1.1, 1.8) were more likely to be classified as an overweight
household.

Maternal parity of two or more children (OR=1-4; 95% CI 1-0, 1-9) was associated with a
higher likelihood of being classified as a dual-burden household compared with a normal
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household. As maternal age increased (31-39 years: OR=1-4; 95% CI 1.1, 1-8; 40-49 years:
OR=1.8; 95% CI 1-0, 2-8), so did the likelihood that a household would be classified in the
dual-burden typology. Homes where food purchasing decisions were made by the mother
(OR=0-5; 95% CI 0-3, 0-7) were less likely to be classified as a dual-burden household.
Homes in the category of moderate food insecurity (OR=1-6; 95% CI 1.1, 2-3) were more
likely to be classified as a dual-burden typology household compared with normal typology
household. Finally, homes classified as indigenous (OR=2.1; 95% CI 1.4, 3-0) were more
likely to be classified as a dual-burden household.

Discussion

The present study found several maternal and family characteristics to be associated with
various anthropometric typologies (namely overweight, underweight and the dual burden of
malnutrition) at the household level. The degree and significance of the associations varied
between 2000, 2005 and 2010. In addition, the direction of the association varied according
to the anthropometric typology. Overall, maternal variables were more often correlated with
the anthropometric typologies than family-level indicators. These findings provide evidence
of a dynamic and complex nutrition transition in Colombia, which has been taking place
over the last decades.

Higher parity was associated with an increased likelihood of overweight and dual burden.
Similar findings have been reported elsewhere in Latin America(34:3%). Coitinho et a/.
reported a greater retention of weight among women with two or more children and showed
that parity reduced the effects of weight loss associated with lactation®4). Similarly,
Mansour and Ajeel showed that body weight progressively and significantly increased with
increasing parity(3®. A study from Peru found that multiparous women have a higher BMI
as well as higher rates of overweight and obesity relative to their nulliparous counterparts,
and this finding was more pronounced among young and rural women and especially those
with two or more children(6). Similarly, maternal obesity has been associated with the
infant’s higher fat mass at birth and higher abdominal fat accumulation, while a higher
proportion of total fat mass placed abdominally in the mother has been associated with the
infant’s low birth weight(37:38). These relationships could help explain the association with
the household typologies of overweight and dual burden. The exact mechanisms of how this
phenomenon happens are still not clear. One possible explanation is that overweight and
obese mothers are equally malnourished and may not be providing the necessary
micronutrients to their infants needed for normal linear growth. Another explanation is
related to household environment and the higher prevalence of high-energy-dense foods that
could promote weight gain in children but that do not promote linear growth.

Maternal education was an important predictor of nutritional status of the family. The
current study found that higher levels of maternal education were correlated with a lower
prevalence of overweight, underweight and the dual burden of malnutrition. Similar findings
have been reported in other studies from Colombia(!6:17), highlighting the importance of
interventions that invest in maternal education, which directly impacts the nutritional and
health outcomes of children(39). In the present study, even though having an elementary
education level was correlated with a lower prevalence of the overweight typology, having a
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high-school education was more consistently associated with a lower likelihood of being
classified in the underweight, overweight and dual-burden typologies.

Unlike in 2000 and 2005, the wealth index was no longer associated with the overweight
anthropometric typology in 2010. This could be an indicator of the nutrition transition
underway in Colombia, in which higher purchasing power ceases to be a determinant of
overweight. Similar trends over time have been reported and seen in middle-income
countries such as Mexico and Brazil®). This transition took place earlier in developed
countries such as the USA and the UK. Countries like Mexico have reported an increase of
2-4% each year in the population of adult obese women, compared with an increase of
0-39% in the USA®D). In many countries around the world, obesity now reflects a marker of
poverty, especially in places where the food supply is plentiful®2). Although obesity rates
are rising among all social classes, research shows that obesity is often more prevalent
among those with lower SES and is beginning to be used as an indicator of social
disparities(3). The evidence from the present study partly supports this claim. Similarly,
rural residency was found to be positively associated with overweight in 2005, acting as
another indicator of the nutrition transition, but no association was found in 2010.

Being classified as an indigenous household in 2010 was associated with a higher likelihood
of underweight, overweight and the dual burden. Indigenous populations have often been
linked with undernutrition problems in Colombia, but in other countries from Latin America
a higher prevalence of overweight among this population is commonly reported(44-46),
Research on the prevalence and consequences of the dual burden of malnutrition,
particularly among indigenous communities, is sporadic. A study in Guatemala by Ramirez-
Zea et al*?) documented that the greater prevalence of the dual burden of malnutrition
among indigenous populations could be due to a combination of environmental and genetic
risk factors. Environmental causes are like the ones experienced by indigenous populations
elsewhere in the world, including Colombia, and include poverty, poor hygiene, recurrent
infections, overcrowding, and inadequate clinical care and health promotion. In addition,
there could be a higher genetic susceptibility that can intensify the relationship between
social and environmental disadvantages, increasing morbidity in indigenous populations4®),

As shown in the current study, Colombia is moving towards or is already in the midst of a
nutrition transition; in this sense, overweight is beginning to be a problem for
underprivileged and impoverished communities such as low-SES, rural and indigenous
populations. However, it is likely that despite being overweight or obese, many of these
communities struggle with a deficit of vital and important micronutrients that allow for
normal growth in children; hence the concomitant association with the dual burden of
malnutrition. Thus, families might have enough supply of energy but from foods that are of
low or no nutritional value. The ubiquitous presence in low- and middle-income countries of
transnational food corporations that offer inexpensive, easy-to-prepare, ultra-processed food
options will only worsen this situation) unless preventive and protective measures are
taken.

Our analyses revealed a high level of food insecurity (66% of the sample), similarly to
findings from other studies of Colombia(?4). In one study from Mexico, researchers found an
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association between a moderate level of food insecurity and the dual burden of
malnutrition®%). A moderate level of food insecurity indicates that there is a constant feeling
of hunger experienced by household adults but not in children. Other studies have reported
similar associations between food insecurity and the dual burden of malnutrition®1-54) as
well as overweight and obesity(>>-58). This may be due to the same reasons behind the
higher prevalence of overweight among disadvantaged populations, namely a predominance
of low-quality and low-variety diets that are cheap and increase the likelihood of overweight
and obesity among adults, while at the same time promoting micronutrient deficiencies that
affect growth in children.

Government nutrition assistance programmes known as conditional cash transfers have been
widely implemented in Latin America as a strategy to improve the health, nutritional and
economic outcomes of impoverished families. Although these programmes have the
potential to improve nutritional status, they can also be contributing to obesity and the dual
burden of malnutrition by supporting unhealthy diets®9.69). The current study found that
more than half (52%) of the families in the sample for 2010 were participating in nutrition
government programmes for children under 5 years of age; this is likely due to the high
proportion of low-income families included in the study.

Some limitations of the present study, common in secondary data analyses, should be noted.
These include the inability to change questions and obtain additional information from the
respondents. Many of the variables and information from the surveys used herein were self-
reported and have the well-known sources of error, including measurement bias and social
desirability. Additionally, it is impossible to establish any causal relationships due to the
study’s cross-sectional nature. The use of large data sets for secondary data analysis can
present some challenges related to the lack of information and clarity about code books and
organization of the variables; this limitation was minimized by working closely with the
institutions and statisticians who were involved in the general surveys and in charge of
developing the sampling strategy. However, biases and measurement issues could have been
present in the information from the data sets including anthropometric measurements. A
different sampling frame was used in 2000, which limits the reach of the conclusions for the
Orinoquia and Amazonia regions.

Despite these limitations, the present study is important as it relies on objectively measured
anthropometric measures such as height, weight and length taken by trained and experienced
staff. To our knowledge, the current study is the first published from Colombia, the second
largest country in Latin America, to explore determinants of various types of malnutrition at
the national level and across time.

Results from the present study indicate the potential for investment in programmes and
policies that enhance maternal education, reducing socio-economic inequalities and
implementing outreach programmes for rural and indigenous populations. Programmes and
practices that focus on the premise of health in all policies(®1) should be a priority to tackle
issues of malnutrition in the country. The current study provides important information
regarding the nutrition transition in Colombia.
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