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Abstract 

Contextual effects on child health have been investigated extensively in previous 
research. However, few studies have considered the interplay between community 
characteristics and individual-level variables. This study examines the influence of 
community education and family socioeconomic characteristics on child health (as 
measured by height and weight-for-age Z-scores), as well as their interactions. We 
adapted the Commission on Social Determinants of Health (CSDH) framework to the 
context of child health. Using data from the 2010 Colombian Demographic and Health 
Survey (DHS), weighted multilevel models are fitted since the data are not self-
weighting. The results show a positive impact of the level of education of other women 
in the community on child health, even after controlling for individual and family 
socioeconomic characteristics. Different pathways through which community education 
can substitute for the effect of family characteristics on child nutrition are found. The 
interaction terms highlight the importance of community education as a moderator of 
the impact of the mother’s own education and autonomy, on child health.  In addition, 
the results reveal differences between height and weight-for-age indicators in their 
responsiveness to individual and contextual factors. Our findings suggest that 
community intervention programmes may have differential effects on child health. 
Therefore, their identification can contribute to a better targeting of child care policies. 

 

Key words: Child health, community education, maternal education, cross-level 
interactions, Colombia. 
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Introduction 

The effects of maternal education on child health outcomes have been examined 
extensively in the literature. However, the debate surrounding the causality of the 
relationship between these variables remains open. While many authors state that the 
mother’s education can contribute positively to child health (Barrera, 1990; Caldwell, 
1979; Hobcraft et al., 1984), others argue that the correlation between maternal 
education and child health may be spurious (Desai & Alva, 1998; John Hobcraft, 1993). 
Desai and Alva (1998), for example, find that after controlling for community of 
residence and household socioeconomic condition, the role of maternal education is 
attenuated. The authors suggest that education may act as a proxy for the community 
and family socioeconomic context.  

It is possible that the characteristics of context explain some of the pathways through 
which education influences child health, above and beyond the mother’s own education. 
In other words, that the individual-level perspective may fail to capture the full effect of 
education (Kravdal, 2004; Moestue & Huttly, 2008). 

Although previous studies have examined the impact of the education of other women 
in the community on child health (Alderman et al., 2003; Andrzejewski et al., 2009; 
Gessner et al., 2010; Kravdal, 2004, 2010; Moestue & Huttly, 2008; Osorio, Bolancé, & 
Madise, 2012; Parashar, 2005), there is little evidence for differences in child health 
when individual characteristics interact with community education.  

Better-educated mothers can take greater advantage of other women’s education, since 
they may be more likely to adopt healthier diets, understand relevant information about 
disease and undertake training in health practices, as well as having a greater access to 
health services (Hatt & Waters, 2006). In such cases, community education will 
complement the effect of maternal education on child health. In contrast, less educated 
mothers may benefit relatively more from community education, indicating that 
individual and community education may act as substitutes (Barrera, 1990; Thomas et 
al., 1991). 

Identifying the pathways through which community education can affect child health is 
very important in terms of policy making. “By knowing why and how maternal 
education affects child health, it may be possible to duplicate these channels in less 
costly and less roundabout programs other than a general education campaign” (Barrera, 
1990, p.71). 

This study contributes to the literature on contextual effects on child health by 
examining the role of community education on child health and possible interaction 
effects between community education and family characteristics, such as the mother’s 
own education and autonomy. Moreover, we use a multilevel approach, taking into 
account important methodological issues such as sample weights and second level 
endogeneity in multilevel modelling, which have not been addressed in the empirical 
literature and could lead to biases in the estimates.  
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The main aim of this study is to identify whether the education of other women in the 
community influences child nutrition and the extent to which this influence may 
moderate the effects of family socioeconomic characteristics on child health, and if so, 
which groups of mothers and, consequently, which group of children, benefit more from 
communities with a higher level of education. This is an important policy tool since 
interventions seeking to improve child health by improving the socioeconomic 
conditions of the community could be particularly effective if targeted to specific 
population groups. 
 

Conceptual framework 

In order to obtain a better understanding of the differences in health status, their 
determinants and consequences on health inequities, the Commission on Social 
Determinants of Health (CSDH) was set up in 2005 by the World Health Organization 
(WHO). The CSDH conceptual framework highlights the importance for policy-making 
of the distinctions between the social factors that influence health and the social 
processes that determine their unequal distribution, giving special attention to the 
context and structural mechanisms that give rise to or strengthen social stratification 
(Solar & Irwin, 2010).  

The conceptual framework is shown in Figure 1. The framework includes two key 
components of health inequities: structural determinants and intermediary determinants. 
The framework shows how the causes of health inequities are rooted in the 
socioeconomic and political context, which give rise a set of socioeconomic positions, 
whereby societies are stratified mainly according to income, education, occupation, 
gender, and ethnicity. These socioeconomic positions in turn have an indirect effect on 
health status, since they operate through a set of specific determinants (intermediary 
determinants) of health to shape health inequities (Ibid, 2010). 
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Figure 1 Conceptual framework of social determinants of child health 

 Source: Adapted from Solar and Irwin (2010) 

 

Colombian context 

Colombia is a unitary republic divided into 32 departments (primary administrative 
subdivisions) and one capital district (Bogotá), which is treated as a department. In turn, 
departments consist of municipalities (secondary administrative subdivisions). There are 
1,103 municipalities, which are the fundamental territorial entity of the political-
administrative subdivision. Municipalities have political, fiscal and administrative 
autonomy. 
 
With a gross national income (GNI) per capita of $8,315 (constant 2005 PPP US 
dollars) and a Gini index of 58.5, Colombia is an upper-middle income country, but one 
of the most unequal countries in the world (UNDP, 2011). Approximately 34% of 
Colombians live in poverty and 11% in extreme poverty (DANE, 2012) 

The country is currently on track to meet the Millennium Development Goals. In terms 
of child health Colombia has advanced in indicators such as global malnutrition (87%), 
chronic malnutrition (71%), infant mortality rate (83%) and under-five mortality rate 
(84%) (DNP, 2011) (figures in brackets represent % achievement of respective goal). 
However, despite this progress, national averages remain masking huge territorial 
disparities. 

Colombia, as well as other Latin American countries, faces the double burden of over 
and undernutrition (Neufeld et al., 2010). While the levels of undernutrition among 
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children under five years old have been reduced in the country, the number of 
overweight children has increased. In fact, the prevalence of stunting has declined from 
32% in 1965 to 9% in 2010 and the proportion of underweight children has dropped 
from 21% to 5% in the same period. Between 2005 and 2010, children who suffered 
from excess weight increased from 3.1% to 4.8% (Ojeda et al., 2011).  

In the last few years, reducing inequity among departments and care in early childhood 
have been two of the priorities of the Colombian Government. Evidence of this is 
provided by the Childhood and Adolescence Code – Act 1098 in 2006, and Act 1295 in 
2009. Likewise, the document CONPES 109 issued in 2007 and the current National 
Plan of Development 2010-2014, reflect the interest in child-oriented public policies. 
The most recent strategy designed by the Colombian Government, titled “De cero a 
siempre”, aims to coordinate both public and private institutions at the national and 
territorial level, in order to promote the development of all Colombian children aged 6 
or under according to their age, context and living conditions.  

Nevertheless, previous studies on social determinants of child health in Colombia are 
limited (Acosta, 2012; Flórez & Nupia, 2001; Gaviria & Palau, 2006; Osorio, Bolancé, 
& Madise, 2012; Tovar & García, 2007). Most of them have covered the issue from the 
perspective of the individual but little attention has been paid to the effect of context, 
with a few exceptions. Osorio et al. (2012), for instance, investigate the influence of 
community socioeconomic context, finding significant contextual effects on 
intermediary determinants of child health. Among these intermediary factors, the 
authors include variables related to the access and use of the health system and variables 
linked to parenting style. Against this background, understanding the structural and 
intermediary determinants of child health inequities, as well as the role played by 
community context, is essential for the design, monitoring and tracking of public child 
care policies in Colombia.  

 

Data and methods 

Data 

The data used in this analysis were obtained from the 2010 Colombian Demographic 
and Health Survey (DHS). The survey has been carried out every 5 years since 1990 by 
Profamilia. This is a non-profit private institution and the main provider of sexual and 
reproductive health services in the country. The Colombian DHS is nationally 
representative and covers the urban and rural areas of 6 regions (Caribbean, Eastern, 
Bogotá, Central, Pacific, and Amazon and Orinoco), 16 subregions and 33 departments 
(administrative subdivisions).  

The DHS sample was obtained through a stratified, multistage and cluster sampling 
design. The sample included 51,447 households in both urban and rural areas of 258 
municipalities. Within municipalities, households with geographical proximity were 
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grouped to form clusters (primary sampling units, PSUs) with an average of 10 
households. We used these sampling clusters as proxies for community.  

The sample included a total of 17,443 children between the age of 0 and 59 months who 
were alive at the time of the interview. The data on antenatal care, delivery conditions 
and postpartum were collected only for the last child born alive (n=14,296). In order to 
investigate the effect of father’s education on child health, the sample was restricted to 
children whose mothers had partner/husband at interview. Moreover, for this group of 
women, issues concerning autonomy are relevant. No significant changes in the results 
of the variables of interest were seen in models excluding mothers without a partner. 
Finally, for all variables included in the study, values of “don’t know” or “missing” 
were excluded, since no significant differences between these cases and those included 
in the final sample were observed. Thus, our final sample comprised 10,165 children 
aged between 0 and 59 months and for whom we had complete information.  

Variables 

Dependent variables: height-for-age and weight-for-age 

We used two anthropometric measures, height-for-age Z-scores (HAZ) and weight-for-
age Z-scores (WAZ), as dependent variables. These indicators capture different 
dimensions of a child’s health and are considered suitable measures of child health 
status (Bicego & Boerma, 1993). HAZ is an indicator of the linear growth of a child and 
reflects cumulated child health conditions. It is, therefore, a good measure of long-term 
social conditions. WAZ, by contrast, is a medium-term measure of health: a low WAZ 
score can reflect both acute and chronic malnutrition. While a deficit in height is 
difficult to correct, a deficit in weight can be overcome later in childhood if nutrition 
improves (UNICEF, 2009; Uthman, 2009). 

According to the WHO, a child is stunted (chronically malnourished) when their height-
for-age Z-scores are two standard deviations below the reference population median for 
the relevant sex and age group. In the same way, underweight (globally malnourished) 
and wasted (acutely malnourished) children are those defined as having weight-for-age 
and weight-for-height Z-scores lower than two standard deviations, respectively. The 
descriptive analysis is based on malnutrition rates. In the multilevel analysis we use the 
Z-scores as dependent variables. 

Independent variables 

We included, as explanatory variables, a set of background controls, intermediary 
determinants and structural determinants both at the family and community level, which 
are likely to influence a child’s health.  

-Background controls 

Child-specific variables (age in months, age-squared, sex and birth order and preceding 
birth interval), mother’s characteristics (age at first birth in years, body mass index, and 
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level of autonomy) and household characteristics (number of under-five children and 
place of residence) were considered into the models. The mothers’ autonomy was 
represented by a composite index based on their decisions regarding their own health 
care, large and daily household purchases, visits to family or relatives, food to be 
cooked, husband’s salary, studying and having sexual intercourse. 

-Intermediary determinants 

Following the approach proposed by Osorio et al. (2012), two composite indicators 
were included as intermediary determinants. The first groups variables linked to the use 
and access to the health system, such as: i) the number of antenatal visits during 
pregnancy (0, 1-3 visits or 4 or more), ii) whether or not the mother received a tetanus 
injection during pregnancy, iii) the person who attended the delivery (doctor or others), 
iv) the place of delivery (health institution or others), v) whether or not the child 
received the third dose of polio vaccine and vi) whether or not the child has a health 
card.  

The second index represents behavioural and psychosocial factors. The index combines 
into a single measure variables related to: i) nutritional habits (breastfeeding: never, up 
to 2 years or more than 2 years), ii) physical activity (mother or household member 
spent time with child in physical activities in the last week: never, once, 2-4 times or 5 
or more times), iii) playing activities (the frequency the mother played with child in the 
last week: never, once, 2-4 times or 5 or more times), iv) parenting style (whether or not 
the mother punishes the child physically), v) child’s care (the person who cares for the 
child when the mother is out of home: the mother takes the child with her, the father, 
grandparents or others) and vi) presence of partner at home (whether or not the mother 
is cohabitating with her partner). 

In order to generate the weight of the variables and take into account the discrete nature 
of the data, all composite indicators were constructed employing principal component 
analysis (PCA) using polychoric correlations (Kolenikov & Angeles, 2009; Olsson, 
1979). The STATA (version 12) commands “polychoric” and “polychoricpca” were 
used to estimate the polychoric correlations and perform the PCA. 

-Structural determinants:  

Community-level variables. The key variable in this study is community education. The 
variable is measured as the mean years of the mother’s education in the community by 
aggregating individual-level data. In order to avoid an overlap of the measures between 
the two levels of analysis, the values of the variable were derived from non-self means. 
We used information from the total of mothers included in the full sample (n=53,521). 

Family-level variables. A set of structural determinants at the family-level was 
considered: i) mother’s education (in years), ii) partner’s education (in years) and iii) 
household socioeconomic status index, categorized into quintiles. The index is based on 
ownership of consumer durable goods (radio, TV, fridge, motorcycle and car/ truck) and 
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quality of housing (source of drinking water, type of toilet facility, floor and wall 
material and whether the household has electricity). The mother’s occupation was also 
considered. However, preliminary results showed that this variable did not significantly 
contribute to the model, and, as such, was excluded from the analysis. 

 

Statistical analysis: Multilevel models 

The role of community education on child health was examined using multilevel 
models. This study took into account important methodological issues such as sample 
weights and second level endogeneity in multilevel modelling, which have not been 
addressed in the empirical literature and can lead to biases in the estimates. 

Multilevel modelling allows us to take into consideration the hierarchical structure of 
the data and explore variations between and within clusters. In hierarchical data such as 
DHS data, individuals from the same cluster tend to be more similar among themselves 
than individuals from different groups. Consequently, the assumption of independence 
of observations on which standard statistical tests are based, is violated. Thus, if 
clustering is not considered, standard errors will be underestimated, confidence intervals 
will be too narrow and p-values will be too small, giving rise to spurious significances 
(Steele, 2008). 

Multilevel models not only allow us to obtain statistically efficient estimations of the 
regression coefficients, they also enable us to analyse variables at different levels 
simultaneously (Hox, 2010). In other words, they enable us to investigate the extent to 
which differences in child health are accounted for by contextual characteristics. 
Furthermore, estimating the variance at each level allows us to differentiate between the 
variation in child health due to differences at community-level and those that are the 
result of differences in family characteristics. 

One of the advantages of using multilevel modelling is the possibility for analysing 
interactions between variables at different levels. The aim is to determine whether 
variables at the group level may moderate lower-level relationships (Hox, 2010). 

In this analysis, interaction terms between community education and family-level 
variables were included. We explored the characteristics of the mothers and households 
that may be influenced by the level of education in the community, such as the mother’s 
education, her level of autonomy, the use of maternal and child facilities (represented by 
our health system index) and the household’s socioeconomic status. The aim was to test 
whether living in a community with better-educated mothers can moderate the impact of 
family characteristics on child nutrition and, if so, how such an impact can be 
differentially influenced by the community education context.  

In this study, given that the number of children per mother and mother per household is 
very small, children, mothers and households were placed in the same category of 
family.  Thus, two-level regression models were fitted with 10,165 families (Level 1), 
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nested within 3,481 communities (Level 2). The models had the following general 
specification: 

0
1 1

10165 3481,( ), 1, , , 1,
p q

ij k kij l lj kl kij lj j ij
k l

y X Z X Z u e i j   
 

            (1)

  

where ijy
 is the Z-score of the height-for-age or weight-for-age for the ith  child in the 

jth  community; 0  is the intercept parameter; kijX
 refers to the family-level 

covariates; ljZ
refers to the community education; kij ljX Z

 is the cross-level interaction; 

ije
 and ju

 are the random errors at the family and community levels, respectively. 
These random errors are assumed to follow a normal distribution with mean zero and 

variances 
2
e  and

2
u . 

Like most of the samples from the DHS, the sample design of the Colombian DHS 
incorporated sampling weights in order to reduce the estimation bias that occurs as a 
result of unequal selection probabilities. However, many authors have argued that the 
use of sampling weights in the context of multilevel models is not straightforward and 
should be treated with caution (Asparouhov, 2004; Pfeffermann et al., 1998; Rabe-
Hesketh & Skrondal, 2006). Multilevel models that incorporate sampling weights use 
pseudo maximum likelihood estimation, where weights enter into the function at 
different levels of the hierarchy, and hence, the inclusion of the level-1 weights is not 
sufficient. Moreover, in order to include design weights properly, it is also necessary to 
scale them (Carle, 2009). 

Despite this, weights and scale can be incorporated into the model with Stata12 through 
the estimation command “xtmixed”. Our DHS sample included only an overall 
weighting variable for individual level observations. Following Goldstein (1999), we 

calculated level-2 weights ( )jw  from the individual-level weights ( )ijw :    

  
ij ji

j

ij jj i

w n
w

w n J
 
 

 (2) 

where J is the total number of clusters. Given that we have small cluster sizes (on 
average 13 households per community), we used the “effective” method for 
standardizing weights so that the level-1 weights sum to the effective cluster size (Carle, 
2009). 

Level 2 endogeneity in multilevel model estimations has been investigated in the recent 
literature (Grilli & Rampichini, 2006; Snijders & Berkhof, 2008), although few 
empirical studies have considered this an important issue in the analysis (Hanchane & 
Mostafa, 2010). Normally, endogeneity arises when unobserved covariates affecting the 
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outcome variable are correlated with the observed independent covariates included in 
the model. In this paper, we explore problems with second level endogeneity in 
multilevel estimation of child health outcomes. That is, in the case where omitted 
community variables (random effects) are correlated with family characteristics (first 
level covariates). 
 

Level 2 endogeneity arises when level 2 errors ( ju ) are correlated with a level one 

independent covariate ( ijX ). Thus, ( | ) 0j ijE u X   and, therefore, standard estimators 

are inconsistent for   (Grilli & Rampichini, 2006). 

 
The existence of level 2 endogeneity can be detected using the Hausman specification 
test (Hausman, 1978). Here, we compare a fixed effects model containing only family 
characteristics, given that community effects are fixed, with our random effects model 
containing both family and the community level variable of interest. The null hypothesis 

is that the random effects ju are not correlated with any of the family’s variables 

(absence of endogeneity). If the null hypothesis holds, then the estimates of the 
coefficients for the random effects model are both consistent and efficient. By contrast, 
if the null hypothesis is rejected, the random effects model suffers from endogeneity, 
and then the fixed effects specification is preferred (the estimates of the coefficients are 
consistent but not efficient) (Grilli & Rampichini, 2006). 
 
Results 

Descriptive analysis 

As in most countries, chronic malnutrition (stunting) in Colombia persists as a problem 
of greater magnitude than underweight or wasting. Figure 2 shows that while stunting 
affects 9.7% of children under the age of five, the percentage of underweight children is 
approximately half that and 3.3% of children suffer both. 

Figure 3 and Figure 4 illustrate the prevalence of stunted and underweight children by 
Colombian departments and municipalities. The maps show the great heterogeneity both 
between departments and within them. Some municipalities, for example, record no 
stunted children, whereas in others, the prevalence of chronic malnutrition is more than 
50%, reaching rates of the highest-prevalence countries in the world. The departments 
with the highest levels of stunted and underweight children are located in the peripheral 
region. This region has per capita gross domestic product (GDP) levels well below the 
national average, little state presence, a hostile environment and a large proportion of 
the ethnic minorities in the country (Galvis & Meisel, 2010).  

Table 1 shows the means, standard deviations and minimum and maximum of the 
variables used in the analysis. All descriptive statistics are weighted by sampling 
weights. The mean of height-for-age Z-score indicates that Colombian children are 0.63 
standard deviations shorter on average than healthy children according to WHO 



 

stand
refer

The 
even
siblin
back
schoo
in po
avera

 

           

dards. Colom
rence. 

average age
nly distribut
ngs and the 

kground, mo
oling on av
oor or very
age female 

Figure 2 P

 

     Source: Ow

mbian child

e of the chi
ted between
majority (7

ost children
verage, resp
y poor hous
education in

Percentage

wn compilation, 

dren weigh 

ildren inclu
n boys and
72%) reside
n were born
pectively. Fu
seholds, ab
n the comm

e of 0-59 mo
Colo

DHS 2010 

0.36 standa

uded in the 
d girls. Abo
e in urban ar
n to mother
urthermore,

bout 14% li
munity is 8.5

onth-old stu
ombian chil

ard deviatio

sample is 2
out 33% of
reas. In term
rs and fathe
, while abo
ive in the w
5 years, rang

unted, und
ldren 

ons less tha

27 months. 
f the childr
ms of family
ers with 9 
ut 27% of t
wealthiest h
ging from 0

erweight a

an the popul

They are a
ren do not 
y socioecon
and 10 yea
the children
households

0.4 to 18.2 y

and wasted 

 

11 

lation 

lmost 
have 

nomic 
ars of 
n live 
. The 

years. 



 

         

Fig

                          Sour

gure 3 Percenta

rce: Own compilation

age of 0-59 mon

, DHS 2010

nth-old stunted Colombian chil

 

ldren by Deparrtments and Muunicipalities (20010) 

 

12 



 

 

   

Figur

 

                                 

re 4 Percentage

Source: Own compila

e of 0-59 month-

ation, DHS 2010 

-old underweight Colombian c

 

children by Deppartments and MMunicipalities (

1

(2010) 

 

13 



14 
 

Table 1 Sample characteristics, 0-59 month-old Colombian children (n=10,165) 

Variables Mean  SD Min Max 

Dependent         
Height-for-age -0.63 1.02 -5.60 5.18 
Weight-for-age -0.36 1.06 -4.85 4.86 

Background controls         

Child's age (months) 27.47 16.51 0.00 59.00 

Child's sex         

boy  0.51 0.50 0.00 1.00 

girl 0.49 0.50 0.00 1.00 

Child's birth order and preceding birth interval       

first-birth  0.33 0.46 0.00 1.00 

2nd-3rd and <2 years 0.04 0.20 0.00 1.00 

2nd-3rd and >2 years 0.46 0.50 0.00 1.00 

4th + and <2 years 0.03 0.17 0.00 1.00 

4th + and >2 years 0.14 0.34 0.00 1.00 

Mother's age at first birth (years) 20.40 4.60 10.00 43.00 

Mother's body mass index (BMI) 25.21 4.58 13.38 56.49 

Mother's autonomy index 0.28 1.39 -3.59 2.94 

Number of under-five children 1.40 0.67 1.00 7.00 

Place of residence         

rural  0.28 0.45 0.00 1.00 

urban 0.72 0.45 0.00 1.00 

Intermediary determinants         

Health system index 1.96 0.29 0.01 2.38 

Behavioural and psychosocial factors 
index 

0.62 0.69 -1.21 2.59 

Structural determinants         

Community-level         

Mean years of mother's education 8.53 2.37 0.41 18.17 

Family-level         

Mother's education years 8.83 3.97 0.00 23.00 

Partner's education years 10.66 5.54 0.00 19.00 

Socioeconomic status         

very poor  0.11 0.32 0.00 1.00 

poor 0.16 0.37 0.00 1.00 

medium 30.47 0.46 0.00 1.00 

rich 26.82 0.44 0.00 1.00 

very rich 14.23 0.35 0.00 1.00 

 

Multilevel analysis 

Tables 2 and 3 present the results of weighted multilevel models for height and weight-
for-age Z-scores, respectively. All models were estimated using “xtmixed” command 
STATA version 12 and including sampling weights at both levels of analysis. Five 
sequential models were fitted for each outcome. Model 0 (null model) is a model with 
no explanatory variables, which shows whether there is a significant variation among 
communities. Model 1 adds the family background controls and intermediary 
determinants. Community education and mother’s own education, respectively, are 
included in Model 2 and Model 3 in order to investigate the association between child 
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health outcomes and maternal education. Structural determinants at the family level 
(partner’s education and household’s SES) are included in Model 4. Finally, interaction 
terms were entered in Model5a and Model5b. 

As the last rows of Tables 2 and 3 show, the models for HAZ and WAZ passed the 
Hausman test. The null hypothesis (absence of endogeneity) holds and therefore there is 
statistically no evidence of correlations left between family covariates and unobserved 
community characteristics. 
 
-Influences of background controls and intermediary determinants 

The performance of background controls was largely similar for the two anthropometric 
measures (Model 1a and 1b). Child’s age index showed a significant and curvilinear 
association with both outcomes. Birth order and preceding interval and the number of 
under-five children in the household were negatively associated with child nutrition, 
whereas the age at first birth and body mass index of the mother, as well as residing in 
urban zones, had a positive effect on the child’s height and weight-for-age Z-scores. 
Once community education was introduced in Model 2, the statistical significance of the 
effect of place of residence disappeared for both outcomes. The mother’s autonomy had 
a positive impact on the child’s height. In contrast, the variable was not significant for 
weight-for-age. The mother’s autonomy index becomes significant for both outcomes 
models when the interaction term between this variable and community education was 
entered into the models. 

As we expected, a greater access to and use of the health system increased the height 
and weight of children. However, the effect of the behavioural and psychosocial factors 
index was statistically insignificant for both anthropometric measures.  

-Influence of maternal education  

Model2a and Model2b show the effect of community education on child nutrition 
outcomes, after adjusting for background controls and intermediary determinants1. 
Community education was found to have a positive and statistically significant 
influence on both outcomes, even when the mother’s own education was included in the 
models (Model3a and Model3b). In the case of HAZ, the association remained 
statistically significant, although the effect was attenuated when the partner’s education 
and household’s SES were controlled for in Model4a.  

The results for the WAZ models indicated that the effect of community education 
disappeared after adjusting for family socioeconomic characteristics (Model 4b), 
reflecting the correlation between these factors. The association between the mother’s 
own education and height and weight-for-age Z-scores remained positive and 
statistically significant in all models, although the effect on the child’s height was 
attenuated when other structural determinants were entered into the model. 

                                                            
1 With the aim of analysing the net effect of community education, we also tested models (not presented here) including only the 
community education variable. In both cases (height and weight-for-age), the effect was positive and very strong. 
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-Influences of structural determinants  

The socioeconomic status of the household had a significant and positive impact on 
both anthropometric indices studied. However, the effect was stronger for HAZ. The 
height and weight-for-age Z-scores increased with increasing socioeconomic status 
index. The partner’s education had a positive and significant influence only on the 
child’s height.  

-Community effects 

The last rows of the Tables 2 and 3 show the variation in child height and weight-for-
age Z-scores due to community characteristics. The community-level variance was 
significant in all models, indicating a significant unobserved heterogeneity in nutritional 
status between communities. In Model null (Model 0a), the variance partition 
coefficient (VPC)—the ratio between community-level variance and the total 
variance—indicated that 12.2% of the variability in HAZ is attributable to community 
factors, whereas in the case of WAZ, it is 8.2%. After adjusting for background controls 
and intermediary determinants (Model 2a and 2b), the variance due to community-level 
characteristics is reduced by about 19% for HAZ and 28% for WAZ. With the inclusion 
of community education, the VPC decreased to 9.2% for height-for-age and to 5.3% for 
weight-for-age Z-scores. 
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Table 2 Models Height-for-age Z-scores (HAZ) for 0-59 month-old Colombian  
children (N=10,165) 
  Model 0a Model 1a Model2a Model3a Model4a 

Variable 
 Null 
model 

Background 
controls & 
Intermediary 
determinants

Community 
Education 

Maternal 
Education 

SES & 
Partner 
education 

Background controls         

Child's age (months)   -0.020*** -0.019*** -0.019*** -0.018*** 

Child's age squared    0.000*** 0.000*** 0.000*** 0.000*** 

Child's sex           
boy (reference)           

girl   0.048 0.047 0.045 0.039 

Child's birth order and preceding birth interval           

first-birth (reference)           

2nd-3rd and <2 years   -0.182** -0.174** -0.164** -0.147** 

2nd-3rd and >2 years   -0.068** -0.068** -0.052* -0.054* 

4th + and <2 years   -0.376*** -0.362*** -0.312*** -0.280*** 

4th + and >2 years   -0.177*** -0.159*** -0.105** -0.095** 

Mother's age at first birth (years)   0.012*** 0.008** 0.005* 0.005 

Mother's body mass index (BMI)   0.015*** 0.016*** 0.016*** 0.016*** 

Mother's autonomy index   0.027** 0.023** 0.019** 0.015 

Number of under-five children   -0.110*** -0.107*** -0.107*** -0.104*** 

Place of residence           
rural (reference)           

urban   0.111*** 0.000 -0.001 -0.056 

Intermediary determinants           

Health system index   0.161** 0.128** 0.107** 0.063 

Behavioural and psychosocial factors index   0.022 0.018 0.017 0.012 

Structural determinants           

Community-level           

Mean years of mother's education     0.043*** 0.028** 0.015* 

Family-level           

Mother's education (years)       0.019*** 0.014** 

Partner's education (years)         0.005* 

Socioeconomic status           
very poor (reference)           

poor         0.189*** 

medium         0.245*** 

rich       0.348*** 

very rich         0.312*** 

Random effect variances           

Community level 0.930*** 0.100*** 0.092*** 0.093*** 0.093*** 

Family level 0.130*** 0.908*** 0.909*** 0.905*** 0.899*** 

Variance Partition Coefficient (VPC) 0.122 0.099 0.092 0.093 0.093 

Hausman test   17.84 18.8 18.95 22.47 

Prob>chi2   >0.16 >0.13 >0.17 >0.13 
     * p<0.10; ** p<0.05; *** p<0.001 
      VPC: measures the proportion of total variance that is due to differences between-communities 2 2 2

u e u    
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Table 3 Models Weight-for-age Z-scores (WAZ) for 0-59 month-old Colombian 
children (N=10,165) 
  Model 0b Model 1b Model2b Model3b Model4b 

Variable 
Null 
model 

Background 
controls & 
Intermediary 
determinants

Community 
Education 

Maternal 
Education 

SES & 
Partner 
education 

Background controls       

Child's age (months)   -0.049*** -0.049*** -0.048*** -0.048*** 

Child's age squared    0.001*** 0.001*** 0.001*** 0.001*** 

Child's sex           
boy (reference)           

girl   0.038 0.036 0.034 0.029 

Child's birth order and preceding birth interval           
first-birth (reference)           

2nd-3rd and <2 years   -0.203** -0.195** -0.182** -0.171* 

2nd-3rd and >2 years   -0.107*** -0.106*** -0.086** -0.093** 

4th + and <2 years   -0.338*** -0.323*** -0.261*** -0.243*** 

4th + and >2 years   -0.300*** -0.281*** -0.214*** -0.213*** 

Mother's age at first birth (years)   0.010** 0.006* 0.002 0.001 

Mother's body mass index (BMI)   0.037*** 0.038*** 0.038*** 0.037*** 

Mother's autonomy index   0.012 0.008 0.003 -0.000 

Number of under-five children   -0.131*** -0.128*** -0.128*** -0.124*** 

Place of residence           
rural (reference)           

urban   0.067** -0.033 -0.035 -0.075 

Intermediary determinants           

Health system index   0.157*** 0.124** 0.098** 0.069 

Behavioural and psychosocial factors index   -0.005 -0.009 -0.011 -0.015 

Structural determinants           

Community-level           

Mean years of mother's education     0.039*** 0.019** 0.007 

Family-level           

Mother's education (years)       0.024*** 0.021*** 

Partner's education (years)         0.001 

Socioeconomic status           
very poor (reference)           

poor         0.096* 

medium         0.165** 

rich       0.246*** 

very rich         0.273*** 

Random effect variances           

Community level 0.093*** 0.061*** 0.054*** 0.054*** 0.055*** 

Family level 1.045*** 0.9723*** 0.975*** 0.971*** 0.966*** 

Variance Partition Coefficient (VPC) 0.082 0.059 0.053 0.053 0.054 

Hausman test   15.25 15.42 16.02 22.83 

Prob>chi2   >0.29 >0.28 >0.31 >0.20 
       * p<0.10; ** p<0.05; *** p<0.001 

 VPC: measures the proportion of total variance due to differences between-communities 2 2 2
u e u    
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-Cross-level interactions: Community education and family socioeconomic 
characteristics 

With the aim of exploring the possibility that community education modifies the 
association between family characteristics and child health, separate cross-level 
interaction terms were tested. Interactions between the mother’s education and 
characteristics at the family level were included in the models after controlling for 
individual, family and community factors. Table 4 shows the models, including the 
interaction terms that were statistically significant in at least one model. 

Cross-level interactions between community education and the mother’s own education, 
as well as community education and the mother’s level of autonomy, were found to be 
significant for HAZ (Model5a1 and Model5a2). For WAZ, the only interaction term 
that reached statistical significance was community education and the mother’s 
autonomy (Model 5b2).  All the interaction terms had a negative coefficient, indicating 
that the family characteristics tested and community education may be substitutes. 

To facilitate the interpretation of the interaction terms, the fitted values of the outcome 
variables and the mean years of maternal education in the community were plotted, 
according to the characteristics at the family level.  

In Figure 7, the positive slopes seen for all the mothers’ education levels show that 
height-for-age Z-scores increase with increasing community education. However, the 
higher the level of education, the flatter the slope, indicating that community education 
has a greater influence on the health of children of less educated mothers. Similarly, 
Figures 8 and 9 show the association between the level of the mother’s autonomy and 
community education. It seems that community education impacts relatively more the 
child’s height and weight of mothers with low level of autonomy.  
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Table 4 Models height and weight-for-age Z-scores for 0-59 month-old Colombian 
children, including interaction terms (N=10,165) 

  Height-for-age   Weight-for-age 

Variable Model5a1  Model5a2     Model5b1  Model 5b2  

Background controls           

Child's age (months) -0.018*** -0.018***   -0.048*** -0.048*** 

Child's age squared  0.000*** 0.000***   0.001*** 0.001*** 

Child's sex           

boy (reference)           

girl 0.038 0.04   0.029 0.03 

Child's birth order and preceding birth interval           

first-birth (reference)           

2nd-3rd and <2 years -0.150** -0.148**   -0.172** -0.172** 

2nd-3rd and >2 years -0.053* -0.052*   -0.092** -0.091** 

4th + and <2 years -0.274*** -0.280***   -0.240*** -0.243*** 

4th + and >2 years -0.085* -0.091**   -0.209*** -0.210*** 

Mother's age at first birth (years) 0.006* 0.006*   0.002 0.002 

Mother's body mass index (BMI) 0.016*** 0.016***   0.037*** 0.037*** 

Mother's autonomy index 0.015 0.108**   -0.000 0.066** 

Number of under-five children -0.104*** -0.103***   -0.125*** -0.124*** 

Place of residence           

rural (reference)           

urban -0.065 -0.058   -0.079 -0.077 

Intermediary determinants           

Health system index 0.051 0.055   0.064 0.063 

Behavioural and psychosocial factors index 0.013 0.015   -0.015 -0.013 

Structural determinants           

Community-level           

Mean years of mother's education 0.042** 0.018*   0.019 0.01 

Family-level           

Mother's education (years) 0.038** 0.014**   0.032** 0.021*** 

Partner's education (years) 0.005* 0.005*   0.001 0.001 

Socioeconomic status           

very poor (reference)           

poor 0.172** 0.173***   0.088* 0.081* 

medium 0.222*** 0.228***   0.155** 0.153** 

rich 0.326*** 0.331***   0.235*** 0.233*** 

very rich 0.299*** 0.301***   0.267*** 0.265*** 

Cross-level interactions           

Community_educationX Mother_education -0.003*     -0.001   

Community_educationX Mother_autonomy   -0.011**     -0.008* 

Random effect variances           

Community level 0.092*** 0.091***   0.054*** 0.054*** 

Family level 0.899*** 0.899***   0.965*** 0.965*** 

Variance Partition Coefficient (VPC) 0.093 0.092   0.053 0.053 

Hausman test 21.99 15.94   21.95 11.34 

Prob>chi2 >0.24 >0.60   >0.23 >0.73 
       * p<0.10; ** p<0.05; *** p<0.001 

VPC: measures the proportion of total variance that is due to differences between-communities 2 2 2
u e u    
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Figure 7 Interaction of mother’s education and community maternal education: 
Height-for-age Z-scores of 0-59 month-old Colombian children 

 

 
Figure 8 Interaction of mother’s autonomy and community maternal education: 

Height-for-age Z-scores of 0-59 month-old Colombian children 

 

 
Figure 9 Interaction of mother’s autonomy and community maternal education: 

Weight-for-age Z-scores of 0-59 month-old Colombian children
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Discussion 

This study has examined the influence of community maternal education and family 
socioeconomic characteristics on child nutritional status, as well as its interactions in the 
context of a Latin American country, Colombia. Despite the fact that previous studies 
have studied the impact of community socioeconomic context on child health, little is 
known about the mechanisms through which community education can influence child 
nutrition. Our results demonstrate that the education of other women in the community 
can positively influence child nutrition and can be particularly beneficial among certain 
groups of children. Furthermore, our study is innovative in methodological terms since 
it includes sample weights in the multilevel analysis and explores second level 
endogeneity problems in the estimation of child health outcomes, allowing us avoid 
biases in the coefficient estimates. 

In particular, our findings contribute to the literature on community effects and child 
health and to the analysis of the social determinants of health in Colombia in the 
following ways: 

 

1) The mother’s own education  and the externalities generated by other women’s 
education 

Our results indicate that community maternal education influences a child’s height 
above and beyond the mother’s own education. These findings suggest the importance 
in the long term that the education of other women in the community may have and the 
positive spillover effects on other parents within a community, regardless of their 
socioeconomic status and important background predictors, such as the mother’s body 
mass index. These findings are consistent with previous studies that explore the 
association between child health and maternal literacy in the community (Alderman et 
al., 2003; Corsi et al., 2011; Kravdal, 2010; Moestue & Huttly, 2008; Parashar, 2005), 
which demonstrate that even children from uneducated mothers can benefit from the 
context created by other women’s education.  

Community education can affect child health through different mechanisms. Although a 
woman may not be interacting directly with all women in the community, the subgroup 
to which she relates may be part of the interaction network of the total female 
population in the community (Parashar, 2005). One possible mechanism is through 
social interactions (Kravdal, 2010). Connections with educated women in the 
community may lead to behavioural changes either through learning from the 
experiences of others—an “imitative effect”—or through normative influences 
(Moestue et al., 2007; Pamuk et al., 2011). Individuals living in more literate 
communities can also improve their health knowledge through the sharing of 
information (Andrzejewski et al., 2009). 
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On the other hand, the protective role of maternal own education on a child’s health 
should not be downplayed. According to our results, both community education and the 
mother’s own education are important determinants of child health. However, it seems 
that community education and the mother’s own education operate together in the long-
term in determining child health, whereas in the medium-term, child health is associated 
more with the mother’s own education. Better-educated mothers are more likely to have 
access to well-paid jobs and are, therefore, more likely to receive higher incomes. 
Furthermore, they tend to live in wealthier communities with better access to health 
care. Maternal education allows women to acquire health knowledge, change attitudes 
and beliefs, adopt and understand new methods of child care and strengthen female 
autonomy. Thus, the context of family and community emerge as important mediators 
of the health conditions of children, both in the medium and long term. 

 

2) The community education as moderator of family characteristics: effects on 
child nutrition 

One of the main purposes of this paper was to examine the role of community education 
and its possible moderating effects on child health when interacting with characteristics 
at the family-level. In this vein, different ways through which community education can 
act as a substitute for family characteristics were found.  First, living in relatively better-
educated communities has a stronger influence on children’s height of mothers with 
lower levels of education. Second, the impact of community education on a child’s 
height and weight was greater for children whose mothers have less autonomy. Previous 
studies have also confirmed that female autonomy is one pathway through which 
maternal education influences child health (Aslam & Kingdon, 2012; Kravdal, 2004). 

These results are particularly relevant from the point of view of public policy, since they 
allow for a better allocation of resources and an improvement in the efficiency of 
interventions and indicate that efforts to improve child health in Colombia will be more 
effective if targeted to the mothers with less education and autonomy in the community. 

 

3) The responsiveness of child nutrition outcomes to individual and contextual 
characteristics 

Our findings suggest that, although both the height and weight-for-age are indicators of 
child health status, they may be reflecting different dimensions and, therefore, that 
characteristics of family and the child’s residential context may operate on these 
indicators through distinct channels. On the one hand, we found that a child’s age, birth 
order and preceding birth interval, mother’s age at first birth, mother’s BMI, the number 
of under-five children in the household, the household’s wealth and the health system 
index are associated with both nutrition outcomes, supporting the results of previous 
work in this field (Corsi et al., 2011; Rajaratnam et al., 2006). However, there are some 
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differences in terms of the impact of determinants at the family and community level on 
child nutrition outcomes. 

The mother’s own autonomy seems to be related more to longer term child health 
outcomes (height) than medium term indicators (weight), underlining the importance of 
female empowerment within the household, which allows mothers to have a greater say 
in decisions affecting both their own health and that of their children. 

While the impact of maternal education on child nutrition has been studied in previous 
research, the effect of the partner’s education has been explored less in the literature. 
Our results suggest that, in the long-term, better-educated partners of mothers can 
contribute to improving a child’s health, even after controlling for the household’s 
wealth and the mother’s own education. This reflects the direct or indirect influence that 
the education of the mother’s partner might have on maternal and child care. It is likely 
that the partner, although not being the primary child carer, makes decisions that 
directly or indirectly affect the child’s health, highlighting the role that other adults can 
exert on a child’s well-being (Moestue & Huttly, 2008). 

We also found that socioeconomic status is an important predictor of both outcomes 
analysed. However, its effect is stronger on height-for-age Z-scores. It is possible that 
HAZ, an indicator of long-term health and well-being, is influenced more by structural 
conditions that are not easily modifiable in the short term, such as the socioeconomic 
status of the household. 

On the other hand, our results indicate that about 12% and 8% of the variability in 
height and weight for age is attributable to between community differences. These 
findings possibly point to differences between the two indicators in their responsiveness 
to contextual influences (Boyle et al., 2006). While child height-for-age is an indicator 
of long-term health conditions, the weight-for-age varies with environmental influences 
such as acute infections and poor nutritional intake (Fotso et al., 2012). It seems that 
HAZ and WAZ can be determined by different factors, implying that distinct 
intervention strategies are, therefore, necessary to improve them. 

 
Policy Implications 

Despite the Colombian Government’s efforts to develop strategies to promote early 
childhood development, the large disparities among communities highlight the need for 
a child protection policy that ensures territorial equity in both access and coverage of 
health services. 

The reduction of the levels of both stunted and underweight children should be a 
priority for the national agenda, not only in terms of public health but also for the 
economic development of the country. A comprehensive strategy that guarantees 
healthy conditions during pregnancy and the children first years of life is necessary. The 
timely prevention and correction of nutritional deficiencies in this period is one of the 
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interventions with the highest returns, since this ensures that children develop to their 
full potential in readiness for adult life. In this vein, the community context and, 
especially, the context created by female education in the community, may be key 
elements in the implementation of programmes aimed at achieving behavioural changes 
that contribute to the promotion of healthy habits, physical activity, breastfeeding and 
supplementary foods, as well as the prevention, detection and appropriate treatment of 
chronic diseases.   

The externalities generated by female literacy in the community highlight the 
importance of increasing women’s overall education within communities. In particular, 
the promotion of the education of women participating in the programme “Hogares 
Comunitarios de bienestar (HCB)” should be a priority. This is one of the main 
Colombian Government child-oriented programmes. Each HCB benefits approximately 
12 to 14 pre-school children, who receive care from one of the mothers in the 
community. We recommend expanding the coverage of programmes like “Unidades 
pedagógicas de Apoyo (UPA)”, for example, through the public-private partnership. 
This is an educational support programme mainly targeted at urban children attending 
community nurseries (HCB), as well as their respective communitarian mothers. The 
programme seeks to add an educational component to the care and nutrition services. 

The analysis of the interactions between characteristics at the family-level and the 
community-level observed may be very useful for the design of more effective policies 
in that these policies could be better targeted towards specific groups. According to our 
results, the intervention programmes aimed at enhancing women’s education in a 
community can be particularly effective for the most disadvantaged mothers, i.e. less 
educated mothers and those with lower levels of autonomy. 

Finally, one of the aims of the most recent childhood care strategy of the Colombian 
Government, titled “De cero a siempre”, is the strengthening of the key role that family 
plays on early childhood development. Our findings suggest that in addition to the 
family socioeconomic background, there are significant contextual effects that may 
influence a child’s health. We hope, therefore, that our study contributes to a better 
implementation of this strategy and that the context of the community where children 
live can be also prioritized.  

Limitations 

There are certain limitations in this study. Firstly, the significant between-communities 
variation, even after controlling for individual, family and community characteristics 
makes clear the need for further research into the pathways through which communities 
influence child health. The relationship between child health and community education 
may be much more complex than that examined in our models. It is possible that other 
variables linked to community exist that are likely to affect child health, such as the 
access, availability and price of food, as well as climate characteristics and distance to 
health facilities and markets, factors which were not available for analysis. Additionally, 
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the cross-sectional nature of this study does not allow us establish causal relationship. 
Nevertheless, this is a large population-based study with national representativeness. 
 
Including and analysing other contexts where women interact and, therefore, could 
benefit from the externalities of education in order to disentangling contextual effects of 
education on child health, will be an important subject of future study. For instance, 
mothers could benefit from the networks and social interaction process generated in the 
work place, recreation areas or at public transport stops. These contexts, beyond the 
most proximate community context, may influence the health of children. Coordinate 
data from the Global Positioning System (GPS) could provide useful information about 
other proximate contexts since these coordinates would allow us calculate approximate 
distances between all PSUs. Although the data were collected in the Colombian DHS, 
they are not yet available. We hope to complete our study using this information in 
future investigations. 
 

Conclusion 

In summary, our results show that maternal education plays a protective role in child 
health. However, mothers and, therefore, their children, can benefit from education of 
other women in the community. Different pathways through which community 
education can substitute for the effect of family characteristics on child nutrition have 
been found, suggesting that childhood care programmes should not only focus on 
individuals but should also target the broader context of the communities, especially 
those communities with less educated mothers and with low female autonomy who 
could benefit more from intervention policies focused on promoting female education. 
Clearly, all strategies, programmes and policies in favour of early childhood in 
Colombia should take the community context into account. 

 

 

Acknowledgements 

The authors acknowledge the support of the Spanish Ministry of Science FEDER, grants 
ECO201021787-C03-01 and ECO2008-01223, as well as the support given to Ana María 
Osorio by the Agència de Gestiò d’Ajuts Universitaris i de Recerca (AGAUR) (grant 
ECO/1689/2011) as a visiting PhD researcher at the University of Southampton. Ana María 
Osorio has also been supported by the Pontificia Universidad Javeriana, Cali-Colombia.  

 

 

 

 



27 
 

References 

Acosta, K. (2012). La desnutrición en los primeros años de vida: Un análisis regional 
para Colombia. Documentos de trabajo sobre Economía Regional 160. 

Alderman, H., Hentschel, J., & Sabates, R. (2003). With the help of one’s neighbors: 
externalities in the production of nutrition in Peru. Social science & medicine, 
56(10), 2019–2031.  

Andrzejewski, C. S., Reed, H. E., & White, M. J. (2009). Does where you live influence 
what you know? Community effects on health knowledge in Ghana. Health & 
place, 15(1), 228–238.  

Aslam, M., & Kingdon, G. G. (2012). Parental Education and Child Health—
Understanding the Pathways of Impact in Pakistan. World Development, 40(10), 
2014–2032.  

Asparouhov, T. (2004). Weighting for Unequal Probability of Selection in Multilevel 
Modeling. Mplus web notes, 8. 

Barrera, A. (1990). The role of maternal schooling and its interaction with public health 
programs in child health production. Journal of Development Economics, 32, 69–
91. 

Bicego, G. T., & Boerma, J. T. (1993). Maternal education and child survival: a 
comparative study of survey data from 17 countries. Social science & medicine 
(1982), 36(9), 1207–27.  

Boyle, M. H., Racine, Y., Georgiades, K., Snelling, D., et al. (2006). The influence of 
economic development level, household wealth and maternal education on child 
health in the developing world. Social science & medicine, 63(8), 2242–2254.  

Caldwell, J. C. (1979). Education as a Factor in Mortality Decline An Examination of 
Nigerian Data. Population Studies, 33(3), 395–413. 

Carle, A. C. (2009). Fitting multilevel models in complex survey data with design 
weights: Recommendations. BMC medical research methodology, 9(49), 1–13.  

Corsi, D. J., Chow, C. K., Lear, S. a, Rahman, M. O., et al. (2011). Shared 
environments: a multilevel analysis of community context and child nutritional 
status in Bangladesh. Public health nutrition, 14(6), 951–959.  

DANE. (2012). Pobreza en Colombia. Comunicado de Prensa (p. 6). Departamento 
Administrativo Nacional de Planeación. Bogotá.  

Desai, S., & Alva, S. (1998). Maternal education and child health: is there a strong 
causal relationship? Demography, 35(1), 71–81.  

DNP. (2011). Informe de seguimiento a los objetivos de desarrollo del milenio: Análisis 
regional (p. 127) Departamento Nacional de Planeación. Bogotá.  



28 
 

Flórez, C. E., & Nupia, A. (2001). Desnutrición infantil en Colombia: Inequidades y 
Determinantes. 

Fotso, J.-C., Madise, N., Baschieri, A., Cleland, J., et al. (2012). Child growth in urban 
deprived settings: Does household poverty status matter? At which stage of child 
development? Health & place, 18(2), 375–84.  

Galvis, L. A., & Meisel, A. (2010). Persistencia de las desigualdades regionales en 
Colombia : Un análisis espacial. Documentos de trabajo sobre Economía Regional. 

Gaviria, A., & Palau, M. . (2006). Nutrición y salud infantil en Colombia : 
determinantes y alternativas de política. Coyuntura Económica, 36(2), 33–63. 

Gessner, B. D., Chimonas, M.-A. R., & Grady, S. C. (2010). It takes a village: 
community education predicts paediatric lower-respiratory infection risk better 
than maternal education. Journal of epidemiology and community health, 64, 130–
135.  

Goldstein, H. (1999). Multilevel Statistical Models (p. 163). London: Institute of 
Education, Multilevel Models Project, April 1999. 

Grilli, L., & Rampichini, C. (2006). Model building issues in multilevel linear models 
with endogenous covariates. Dipartimento di Statistica "Giuseppe Parenti" 
Università di Firenze. 

Hanchane, S., & Mostafa, T. (2010). Endogeneity problems in multilevel estimation of 
education production functions: an analysis using PISA data. London. 

Hatt, L. E., & Waters, H. R. (2006). Determinants of child morbidity in Latin America: 
a pooled analysis of interactions between parental education and economic status. 
Social science & medicine, 62(2), 375–386.  

Hausman, J. A. (1978). Specification tests in econometrics. Econometrica, 46(6), 1251–
1272. 

Hobcraft, J, Mcdonald, J. W., & Rutstein, S. O. (1984). Socio-Economic Factors in 
Infant and Child Mortality: A Cross-national Comparison. Population Studies, 
38(2), 193–223. 

Hobcraft, John. (1993). Women ’ s education , child welfare and child survival : a 
review of the evidence. Global Governance, (1985), 159–173. 

Hox, J. J. (2010). Multilevel analysis: techniques and applications. New York: Taylor 
& Francis. 

Kolenikov, S., & Angeles, G. (2009). Socioeconomic status measurement with discrete 
proxy variables: is principal component analysis a reliable answer? Review of 
Income and Wealth, 55(1), 128–165.  



29 
 

Kravdal, Ø. (2004). Child mortality in India: the community-level effect of education. 
Population Studies, 58(2), 177–192.  

Kravdal, Ø. (2010). The importance of community education for individual mortality: a 
fixed-effects analysis of longitudinal multilevel data on 1.7 million Norwegian 
women and men. Journal of epidemiology and community health, 64(12), 1029–
1035.  

Moestue, H., & Huttly, S. (2008). Adult education and child nutrition: the role of family 
and community. Journal of epidemiology and community health, 62(2), 153–159.  

Moestue, H., Huttly, S., Sarella, L., & Galab, S. (2007). “The bigger the better”--
mothers’ social networks and child nutrition in Andhra Pradesh. Public health 
nutrition, 10(11), 1274–82.  

Neufeld, L., Rubio, M., Pinzón, L., & Tolentino, L. (2010). Nutrición en Colombia : 
estrategia de país 2011-2014 (p. 62) Banco Interamericano de Desarrollo-División 
de Protección Social y Salud.  

Ojeda, G., Ordóñez, M., & Ochoa, L. H. (2011). Encuesta Nacional de Demografía y 
Salud ENDS 2010 (p. 794). Bogotá: Asociación Probienestar de la Familia 
Colombiana-Profamilia.  

Olsson, U. (1979). Maximum likelihood estimation of the polychoric correlation 
coeficient. Psychometrika, 44(4), 443–460. 

Osorio, A. M., Bolancé, C., & Alcañiz, M. (2012). Measuring Intermediary 
Determinants of Early Childhood Health: A Composite Index Comparing 
Colombian Departments. Child Indicators Research. Doi: 10.1007/s12187-012-
9172-4  

Osorio, A. M., Bolancé, C., & Madise, N. (2012). Intermediary and structural 
determinants of early childhood health in Colombia: exploring the role of 
communities. Document de treball XREAP 2012-13. Barcelona.  

Pamuk, E. R., Fuchs, R., & Lutz, W. (2011). Comparing relative effects of education 
and economic resources on infant mortality in developing countries. Population 
and development review, 37(4), 637–64.  

Parashar, S. (2005). Moving beyond the mother-child dyad: women’s education, child 
immunization, and the importance of context in rural India. Social science & 
medicine, 61(5), 989–1000.  

Pfeffermann, D., Skinner, C. J., Holmes, D. J., Goldstein, H., et al. (1998). Weighting 
for unequal selection probabilities Weighting in multilevel models. Journal of the 
Royal Statistical Society: Series B (Statistical Methoodology), 60(1), 23–40. 

Rabe-Hesketh, S., & Skrondal, A. (2006). Multilevel modelling of complex survey data. 
Journal of the Royal Statistical Society: Series A (Statistics in Society), 169(4), 
805–827.  



30 
 

Rajaratnam, J. K., Burke, J. G., & O’Campo, P. (2006). Maternal and child health and 
neighborhood context: the selection and construction of area-level variables. 
Health & place, 12(4), 547–56.  

Snijders, T. A. B., & Berkhof, J. (2008). Diagnostic checks for multilevel models. In J. 
Leeuw & E. Meijer (Eds.), Handbook of Multilevel Analysis. New York, NY: 
Springer New York. 

Solar, O., & Irwin, A. (2010). A conceptual framework for action on the social 
determinants of health. Geneva. 

Steele, F. (2008). Module 5 : Introduction to Multilevel Modelling (Concepts) (Vol. 5). 
Centre for Multilevel Modelling, University of Bristol. 

Thomas, D., Strauss, J., & Henriques, M.-H. (1991). How Does Mother’s Education 
Affect Child Height? The Journal of Human Resources, 26(2), 183–211.  

Tovar, L. M., & García, G. A. (2007). La producción de salud infantil en Colombia: una 
aproximación. Desarrollo y Sociedad, 59, 21–61. 

UNDP. (2011). Human Development Report 2011. Sustainability and Equity: A Better 
Future for All (p. 185) United Nations Development Programme. New York. 

UNICEF. (2009). Tracking progress on child and maternal nutrition: A survival and 
development priority (p. 124). United Nations Children's Fund. New York.  

Uthman, O. A. (2009). A multilevel analysis of individual and community effect on 
chronic childhood malnutrition in rural Nigeria. Journal of tropical pediatrics, 
55(2), 109–115.  

 


