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Abstract

Objectives Early life interventions are considered essen-

tial for reducing the burden of health inequalities over the

life course. This paper tests this issue empirically focusing

on whether access to antenatal care can later reduce chil-

dren’s health and educational inequalities.

Methods Data came from the Young Lives Project for

Ethiopia, Peru, Vietnam, and the State of Andhra Pradesh

in India. We selected children born in early 2001/2002 and

who were followed longitudinally in 2006/2007. We used

multilevel mixed effects linear regression models to esti-

mate the parameters of interest.

Results We found a positive and significant relationship

between mothers’ access to antenatal care and their chil-

dren’s cognitive development in all countries. In addition,

we found a positive and significant relationship between

antenatal care and children’s cognitive development for

stunted children but only in Peru and Vietnam.

Conclusions We conclude that (1) antenatal care has the

potential to change the negative consequences of early

nutritional deficiencies on later cognitive development in

Peru and Vietnam; (2) differentials in the quality of ante-

natal care services could explain the cross-country

differentials in the role of early life interventions found

here.

Keywords Health inequalities � Cognitive development �
Child nutrition � Antenatal care � Multilevel model �
Young Lives Longitudinal Study

Introduction

The last decade has witnessed growing interest in the

analysis of early life events and their potential effects on

adult life chances (Blane et al. 2004; Case et al. 2005;

Heckman 2007). In particular, exposure to risk and disad-

vantage during childhood, which tends to accumulate

during adolescence, is likely to manifest itself again in

adulthood generating socioeconomic hardship (Holland

et al. 2000). This cumulative process is responsible for the

persistence of social and health inequalities between and

across generations (CSDH 2008; Exworthy et al. 2003;

Marmot 2005; Marmot and Wilkinson 1999; Palloni et al.

2009; Wilkinson and Pickett 2006).

In this life course perspective, child nutrition is known

to have important consequences during childhood and

adulthood (Victora et al. 2008). Child malnutrition is the

underlying cause for more than half of global childhood

deaths every year (Caulfield et al. 2004). Malnutrition is

likely to reduce individuals’ human capital (Grantham-

McGregor et al. 2007; Victora et al. 2008) due to its

adverse effects on child cognitive development and edu-

cational outcomes (Alderman et al. 2001; Feinstein et al.

2008; Handa and Peterman 2007; Jukes 2007; Mendez

and Adair 1999; Watanabe et al. 2005; Wisniewski 2010).

In order to deal with the consequences of malnutrition

and of ill health in general, the Commission on the Social

Determinants of Health (CSDH 2008) calls for early action,

both progressive and universal.
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Although early action is important to confront the con-

sequences of ill health, not all deal with the consequences

of health inequalities (Grantham-McGregor et al. 2007). In

particular, dealing with malnutrition in infancy can reduce

the burden of health deficiencies on later cognitive devel-

opment without affecting health or educational

inequalities. What needs to be done to address health

deficiencies and tackle health inequalities simultaneously?

This paper aims to shed light on this question empiri-

cally. In particular, the paper (1) analyses the potential

effects that an early intervention, such as access to ante-

natal care, has on child cognitive development; and (2)

investigates the role of antenatal care in reducing the

burden of health inequalities on educational inequalities.

Three main assumptions support our two research aims:

(i) access to antenatal care has direct benefits on the

mother’s and the foetus’s health, and consequently on

future health outcomes (Alexander and Korenbrot 1995). It

is increasingly recognised how in utero environment

affects later adult health (Barker 1998; Gluckman and

Hanson 2005); (ii) the use of antenatal health services may

increase the use of postpartum health services and change

maternal health-related parenting behaviours which,

in turn, have consequences for cognitive development

(Noonan et al. 2010). In other words, antenatal care can

moderate or change the direct effects of ill health on

cognitive development; (iii) access to antenatal care may

impact on the mother–infant relationship, as shown by

specific antenatal interventions (Cooper 2009). In particu-

lar, antenatal care may change the effects of ill health on

cognitive development by enhancing mother’s conscious-

ness of child’s needs.

Assumptions (ii) and (iii) support the role of antenatal

care in reducing the impact of health inequalities on edu-

cational outcomes.

Methods

Data and sample

Data used for this study come from the first two waves of

the Young Lives Longitudinal Study (YL) (Boyden 2006),

a 15-year study of childhood poverty in four developing

countries—Ethiopia (ET), Peru (PE), Vietnam (VI), and

the state of Andhra Pradesh in India (AP). The first wave of

the survey took place in 2002 and focused on two cohorts

of children. The youngest cohort was children aged

between 6 and 18 months (baseline sample across countries

8,061 children) and the oldest cohort was children aged

between 7 and 8 years old (baseline sample across coun-

tries 3,722 children). The second round was conducted in

2006/2007 when the two cohorts were 4–5 years old and

11–12 years old, respectively. Our research uses data

exclusively from the youngest cohort at both rounds, since

it contains information on mothers’ access to antenatal care

and child nutrition and cognitive development. Sample

sizes 2006/2007 were 1,908 children in Ethiopia, 1,975 in

Peru, 1,975 in Vietnam, and 1,950 in Andhra Pradesh.

The sample strategy for YL was based on the sentinel

site surveillance for which 20 geographical sites with 100

children each were selected (Wilson et al. 2003). Geo-

graphical sites were selected based on poverty status, while

households within sites were randomly selected (Wilson

et al. 2003). The sample as a whole is not nationally rep-

resentative, but households are representative within

geographical sites. Attrition and non-response biases must

be considered in any longitudinal study (Wooldridge

2002). Attrition rates for the youngest cohort (including

deaths) were relatively low according to international

standards (ET, 4.50 %; PE, 3.75 %, VI, 1.25 %; AP,

3.03 %). Non-participant households in the second wave of

the survey did not systematically differ from the rest of the

households, in relation to child anthropometric (Sanchez

2009).

Item with missing responses was extremely low, esti-

mated to be between 0.9 % and 3.2 % of the total sample.

Of this range, the largest variable with missing responses

was found for the cognitive development assessment test as

its administration was affected by poor weather conditions

and lack of trained interviewers (Cueto et al. 2009). Since

the cognitive development assessment test is our outcome

variable and for the rest of the factors used in the analysis

data loss due to missing responses was less than 1 %, we

opted not to undertake any imputation. The only exception

was for the variable related to the type of cooking fuel in

Vietnam (used for the construction of the wealth index),

where information missing from 250 households regarding

type of cooking fuel in wave 1 was replaced by information

provided by the same households in wave 2.

Our final sample sizes for each country were 1,807

children for Ethiopia, 1,922 for Peru, 1,882 for Vietnam

and 1,910 for Andhra Pradesh.

Selection of variables

Our main outcome variable is the quantitative sub-scale of

the cognitive development assessment (CDA) test which

was collected in 2006/2007 when children were around

5 years old. The CDA test was developed by the Interna-

tional Evaluation Association to assess the effects of pre-

schooling on cognitive development. It is composed of

three sub-scales: spatial relation, quantitative and time. YL

data only contain the quantitative sub-scale due to its

reliability. The test requires children to match the quanti-

tative concept expressed by the examiner with a picture
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selected from multiple options. For example in response to

a question ‘‘point at the plate that has few cakes’’, the child

must select the correct answer from four different pictures

(Cueto et al. 2009). The quantitative sub-scale contains 15

items, scoring 1 point for each correct answer, and 0 points

for each wrong answer, leading to a maximum of 15 points

(Cueto et al. 2009). The CDA is to be preferred to the

Peabody Picture Vocabulary Test (PPVT), also available in

YL data, because the verbal ability tested using the PPVT

is slightly more culturally biased (Brooks-Gunn et al.

2003). Hence, using the PPVT may affect the compara-

bility of the results between the four countries.

The first key explanatory variable is antenatal care

(ANC). WHO (WHO 2003) recommendations for ANC for

a normal pregnancy consist of four visits during pregnancy,

with a visit within the first trimester, and a skilled practi-

tioner during birth (doctor, nurse, or midwife). The WHO

recommendations for ANC in deprived areas where YL

carried out the data collection imply that only a small

minority of women would be following these recommen-

dations. For this reason, we operationalised access to ANC

if the mother had at least one of the following: a first visit

during the first trimester; at least four visits in total during

pregnancy; or a health professional at delivery (doctor,

nurse or midwife). We considered poor access to ANC if

any of these conditions did not hold or if the mothers did

not have access to ANC services.

The second key explanatory variable in the analysis is

malnutrition. We use height-for-age z-score, constructed

according to the WHO’s child growth standards as a proxy

measure of early nutritional status (Wisniewski 2010). A

value below two in the z-score (also known as stunting)

provides a measure of very slow growth since birth and it

is considered to be a stock measure of malnutrition

(Wisniewski 2010). Despite its well-known use in the

empirical literature, height-for-age has its limitations

which we will discuss in the conclusions.

Using both access to antenatal care and height-for-age

z-score (dichotomous variable measuring stunting), we

constructed the following variables from their interaction:

(1) poor or no access to ANC and stunted; (2) poor or no

access to ANC and not stunted; (3) access to ANC and not

stunted; (4) access to ANC and stunted. These variables are

used for the empirical model to estimate the interaction

between antenatal care and stunting.

The following variables, selected based on previous

research, are used as covariates: mother’s education

(Caldwell 1979; Desai and Alva 1998; Schady 2011);

mother’s age (Fergusson and Lynskey 1993); child’s pre-

maturity (Gladstone et al. 2011); child’s birth size

(Richards et al. 2002); child’s birth order (Kristensen and

Bjerkedal 2007); household wealth (Aber et al. 1997);

child’s pre-school attendance (Sammons et al. 2004); and

age and gender of the child. The length of breastfeeding

is a key variable for cognitive and motor development

(Angelsen et al. 2001), but unfortunately it cannot be used

for statistical purposes due to a very small proportion of

children breastfed for less than 6 months in the sample

areas (fewer than 4 %).

Estimation method

The empirical model considers the relationship of antenatal

care (ANC) and nutritional status in 2002 (STUN) on

child’s cognitive development assessment (CDA) at age

five (in 2006/2007). The relationship of ANC and nutri-

tional status with CDA is described by Eq. (1):

CDAij ¼ b00 þ b1jANCij þ b2jSTUNij þ b3jANCijjSTUNij

þ b4jX1ij þ eij þ u0j ð1Þ

where b’s are parameters to be estimated, ‘‘|’’ refers to the

interaction between ANC and STUN, X1 is the vector of

additional covariates included in the model, eij is the micro

level error term. Unobserved community variability, which

captures differences in quality of health and pre-school

services and which affects both our outcome and key

variables, is accounted for in the model by u0j. Multilevel

mixed-effects linear regression is used to estimate the

parameters of this model.

The estimation strategy is as follows. We first estimated

Eq. (1) with the inclusion of ANC and STUN but no

interaction term or covariates. Parameters estimated are the

association of each of these variables with CDA condi-

tional on the other. Then, we include covariates to estimate

if the associations of ANC and STUN to CDA remain

statistically significant. Finally, using all the covariates we

introduce the interaction term to estimate the moderating

effect of ANC, that is whether the relationship of STUN to

CDA is different for children whose mothers had access to

ANC [as described by Eq. (1)].

Causal inference is an important issue in the analysis of

the relation between antenatal care, nutrition and cognitive

development. Selection bias, reverse causation and spuri-

ous effects all play a fundamental role in explaining these

relationships (Gilleskie and Harrison 1998). In this paper,

we focus on cognitive development at age five to avoid

selection bias due to school participation and the fact that

not enrolled children may systematically differ from those

who are enrolled (Glewwe 2005). In addition, relatively

low attrition and missing values reduce selection bias built

in the YL data. We focus on antenatal care, nutritional

status and cognitive development measured at different

points in time to avoid reverse causation. Finally, we par-

tially deal with reverse causality since antenatal care and

nutritional status are measured before parents can judge

their children’s intelligence (Glewwe 2005). This means
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that there should not be any rational household decision in

allocating more or less resources for child’s health

according to his/her intelligence and more or less resources

for his/her education according to his/her health status. We

do, however, acknowledge that causal inference is not

guaranteed since a series of unobserved confounding fac-

tors, such as parental beliefs and attitudes, may alter the

relationship between maternal access to antenatal care

services, nutritional status of the child and later cognitive

development (Fujiwara and Kawachi 2009). Our interpre-

tation of results in this paper remains at the level of

associations.

Results

Table 1 shows the descriptive statistics for the variables

used in the model. In relation to the three key variables—

CDA score, ANC, stunting—the four countries show dif-

ferent patterns. The difference in CDA score between the

four countries is 1.58 points (with the highest score

observed in Vietnam and the lowest in Ethiopia). Only

40 % of Ethiopian women had some antenatal care against

92 % in Peru and 85 % in Vietnam, and 82 % in Andhra

Pradesh. Almost 30 % of Ethiopian children were stunted

between 6 and 17 months of age, whereas 19 % of children

were stunted in Andhra Pradesh, 17 % in Peru, and only

10 % in Vietnam. Descriptive statistics for all other

covariates are also shown in Table 1.

The mean CDA score by nutritional status and access to

ANC is shown in Fig. 1. This gives a first indication of the

association between cognitive development and the two

key variables. As expected, non-stunted children perform

better cognitively than stunted children. However, having

had access to antenatal care increases the mean CDA score

in both groups of children (stunted and non-stunted). In

Vietnam, stunted children whose mothers had access to

ANC have a 35 % higher CDA score than stunted children

whose mothers had poor access or no access to ANC. Non-

stunted children whose mothers had access to antenatal

care have 22 % higher CDA score than non-stunted chil-

dren whose mothers had poor or no access to ANC.

Table 2 shows the relationship of ANC care and stun-

ting on CDA. For each country, columns marked with (1)

show results of the base model which estimates the rela-

tionship of ANC and stunting on CDA without the

inclusion of any other covariate. Columns marked with (2)

introduce observable covariates and focus on the relation-

ship of ANC on cognitive development. Finally, columns

marked with (3) focus on the interaction between ANC and

stunting on CDA, conditional on other covariates.

In all countries, we found a positive relationship of ANC on

CDA conditional on nutritional status (Table 2, columns 1).

In Ethiopia, children whose mothers had access to ANC

achieved, on average, 0.55 points higher CDA scores

compared with children whose mothers had poor access or

no access to antenatal care services. In Andhra Pradesh,

Peru and Vietnam, children whose mothers had access to

ANC achieved, on average, 0.51, 1.01 and 0.82 points

higher CDA scores compared with children whose mothers

had poor access or no access to antenatal care services,

respectively.

When covariates for child and mother characteristics,

and household socioeconomic factors are introduced in the

model, the conditional relationship of ANC with CDA

remains statistically significant in Ethiopia, Peru and Viet-

nam (Table 2, columns 2). The inclusion of these covariates

reduces the estimated parameter of ANC in Ethiopia from

0.55 to 0.35, in Peru from 1.01 to 0.68 and in Vietnam from

0.82 to 0.40. In Andhra Pradesh, however, the inclusion of

covariates reduces the estimated association between ANC

and CDA from 0.51 to 0.22 and the conditional association

becomes statistically non significant.

The key result of this paper is shown in Table 2, col-

umns 3, where the interaction between ANC and stunting is

introduced in the analysis. In all countries, our results show

that children who were not stunted and whose mothers had

access to antenatal care services achieved, on average,

higher test scores (0.56 points in Ethiopia; 0.76 points

in Andhra Pradesh; 1.17 points in Peru; 0.79 points in

Vietnam) than children who were stunted and whose

mothers had poor or no access to ANC. But only in Peru

and Vietnam is the relationship of stunting and CDA test

score weakened if the mother had access to ANC. Stunted

children whose mothers had access to ANC achieved, on

average, 1.07 and 0.60 points higher in CDA test in Peru

and Vietnam, respectively, than stunted children whose

mothers had poor or no access to ANC. In Peru, in addition,

children who were not stunted and whose mothers had poor

or no access to ANC services achieved, on average, 0.64

higher points than children in the reference group. We

found the expected relationship between other covariates,

including malnutrition and CDA. Results are shown in

Table 2, but not explained in the paper.

Discussion

This paper follows the call for remedial action early in life

to close the health gap and reduce the reproduction of

inequalities in one generation suggested by the Commis-

sion on the social determinants of health (CSDH 2008). In

considering the effects of health conditions early in life,

such as nutritional status, on subsequent cognitive devel-

opment, we identified access to antenatal care services as

one possible action. Our hypothesis that access to antenatal

462 M. Di Cesare, R. Sabates

123



care can moderate or change the effects of poor nutrition on

cognitive development was supported through previous

research on the impact of antenatal care on postnatal access

to health services, and maternal parenting behaviours

(Noonan et al. 2010). Previous research also showed that

antenatal care can have a direct impact on cognitive

development which is channelled mainly via better health

for the child (Cooper and 2009).

Our findings suggest that access to some kind of ante-

natal care is positively associated with child’s cognitive

development in Ethiopia, Peru, and Vietnam. Children

whose mothers had access to antenatal care during preg-

nancy were likely to achieve higher test scores at age five

than children whose mothers had poor access or no access

to antenatal care. This result is in line with research con-

cerning the potential long-term benefits of access to

antenatal health care services (Alexander and Korenbrot

1995; Gluckman and Hanson 2005). In addition, we found

that in all countries, children whose mothers had access to

antenatal care services and who were not stunted during the

first 2 years of life achieved the highest test scores. This

result is not surprising since better off children continue to

outperform those who live in poverty and who started in a

position of disadvantage (Brooks-Gunn et al. 2003).

The main evidence from this study suggests that the

effect of nutritional deficiencies in the first months of life

Table 1 Variable definitions and descriptive statistics for main variables, mean and (SD)

Variables Round Description Mean (SD) Mean (SD)

Ethiopia Andhra Pradesh

(India)

Peru Vietnam

Outcome variable

Cognitive development

assessment score (age 5)

2006/2007 Cognitive development

assessment score, 15 items,

range 0–15

8.21 (2.99) 9.39 (2.61) 8.37 (2.16) 9.79 (2.51)

Main explanatory variables

Access to antenatal care 2002 Access to antenatal care defined

if one visit during first

trimester, more than four visits

or a health professional at

delivery

0.40 (0.49) 0.82 (0.33) 0.92 (0.27) 0.85 (0.35)

Stunting (age 1) 2002 Child nutritional status, stunted

lower than -2 height-for-age

z-score

0.30 (0.46) 0.19 (0.40) 0.17 (0.38) 0.10 (0.29)

Main covariates

Pre-school 2006/2007 Child in pre-school by age 5 0.27 (0.44) 0.94 (0.24) 0.81 (0.39) 0.90 (0.31)

Gender 2006/2007 Gender of the child, proportion

of girls.

0.47 (0.50) 0.47 (0.50) 0.50 (0.50) 0.49 (0.50)

Child age 2006/2007 Child’s age in months 61.82 (3.86) 64.29 (3.89) 63.44 (4.70) 63.10 (3.71)

Mum education 2002 Mothers who have more than

6 years of education

0.21 (0.41) 0.31 (0.46) 0.70 (0.46) 0.62 (0.49)

Mum age 2002 Mother’s age in years 27.49 (6.37) 23.65 (4.33) 26.85 (6.73) 27.13 (5.75)

Birth order 2002 First born 0.21 (0.41) 0.38 (0.48) 0.26 (0.48) 0.44 (0.50)

Prematurity 2002 Child born premature (at least

3 weeks earlier)

0.02 (0.150) 0.03 (0.16) 0.07 (0.26) 0.05 (0.21)

Birth size 2002 Perception of child’s size at birth

average-larger than others

0.71 (0.46) 0.76 (0.43) 0.72 (0.45) 0.80 (0.40)

Wealth 2002 Wealth index (included in

quintiles)

0.17 (0.16) 0.39 (0.21) 0.46 (0.23) 0.45 (0.23)

Wealth change 2006/2007 Worsening of wealth status

between R1 and R2

0.32 (0.47) 0.27 (0.45) 0.25 (0.43) 0.26 (0.44)

Community 2002 Number of communities 26 101 82 31

Number of observations 1,807 1,910 1,922 1,882

Ethiopia, Andhra Pradesh (India), Peru, Vietnam. Young Lives Longitudinal Study 2002 and 2006/2007

Variables such as ethnicity and urban/rural place of residence have been omitted due to the high correlation with the community level control

introduced by multilevel models
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on subsequent cognitive development can be in part

weakened if the mother had access to antenatal care ser-

vices during pregnancy and birth, in Peru and Vietnam. In

these countries, children who were stunted and whose

mothers had access to antenatal care not only perform

better than their counterparts whose mothers did not have

access to ANC, but also they perform similarly to the group

of children with access to ANC and without any nutritional

deficiency during the first months of life. This result sug-

gests that ANC services have the potential to reduce the

impact of health inequalities on educational inequalities.

However, this evidence was not supported in all coun-

tries. In Andhra Pradesh (India) and in Ethiopia, we did not

find this moderating effect of ANC. This raises the ques-

tion: why? One possible explanation may lay in the quality

of antenatal care services received in Andhra Pradesh and

Ethiopia relative to that received in Peru and Vietnam. In

Ethiopia, only 40 % of mothers had access to ANC ser-

vices, as defined in the paper. In Andhra Pradesh, however,

82 % of women had access to ANC, which is comparable

to the percentage of mothers who had access to ANC in

Peru and Vietnam. An important distinction about the

quality of ANC may be the proportion of women who were

attended by a skilled health practitioner during their child’s

birth. Only 20 % of mothers were assisted by a skilled

health practitioner in Ethiopia and 59 % in Andhra Pradesh

(compared with 76 % in Peru and 80 % in Vietnam). It

seems that better quality of ANC services in Peru and

Vietnam may explain the role of this early intervention in

reducing the persistence of inequalities. However, this

remains a limitation for this study since no information is

available on the quality of ANC in YL sample or the

proximity of health services to the areas of the study.

This study also has other limitations. First, according to

the WHO (WHO 2003) antenatal care should include a first

visit within the first trimester, at least four visits and a

skilled attendant at birth. However, as previously men-

tioned, only a small minority of women in the sample

accessed antenatal care services following the WHO rec-

ommendations (for example only 89 out of 1,807 women in

Ethiopia followed the WHO guidance). This had implica-

tions for the estimation of parameters using statistical

models.

Second, it may be the case that each of the dimensions

of antenatal care has implications for reducing the impact

of health inequalities on educational inequalities over time.

Since we do not have information on the quality of each of

these services or on mother’s perceptions on the use of

these services, it is difficult to model their individual

importance, and for this reason remains a topic of further

research. Therefore, from a health policy perspective, our

results do not provide evidence for the effectiveness of the

Antenatal care access (2002)
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WHO antenatal care recommendations. However, our

results sustain the positive consequences of any contact

during antenatal care visits or at delivery between the

mother and the health specialist.

Third, despite the fact that the height-for-age metric has

been widely used as an indicator of child’s health status

(Stevens 2012) the variable does not capture diseases or

disabilities. For example, poor vision has no effect on height

but has strong impacts on the learning process (Glewwe

2005). Given the YL sample sizes we were unable to use

specific disabilities or diseases in the statistical models. Our

results have to be interpreted carefully as antenatal care may

not be able to reduce the burden of some diseases or dis-

abilities on child cognitive development.

Fourth, results from YL cannot be generalised at the

country level. However, social and economic gaps between

rich and poor households in the YL sample are underesti-

mations of existing inequalities within countries. This

limitation suggests that if any relation regarding inequali-

ties is detected in the YL sample it is likely to be much

stronger in the population; however, we are unable to

estimate it.

Fifth, further qualitative research is needed to under-

stand the mechanism behind the association between

access to ANC, child nutrition and cognitive development.

It will be important to understand intra-household

dynamics and the decision making which leads families

whose children are undernourished to mitigate the conse-

quences on cognitive development and the role played by

early life interventions in such processes.

Despite these limitations, our research provides us with

a policy approach, which is in line with the advocacy of the

Commission on the Social Determinants of Health (CSDH

2008), to intervene in early life, with universal support, to

lay the critical foundations for the later life course. Dif-

ferential care during pregnancy, combined with disparities

in provision for infants during the first years of life, leads to

marked gaps in health (Marmot and Wilkinson 1999) and

cognitive development (Feinstein et al. 2008). Those chil-

dren lucky enough to be well endowed with social and

economic resources, as well as institutional support, are

likely to avoid poverty, deprivation and ill health. The rest,

a significant majority, is likely to struggle with the vicious

cycle of disadvantage over their life cycles. However,

according to our study, access to antenatal care could be

one of the first steps to improving infants’ health and

development. It also has the capacity to reduce the burden

of malnutrition on cognitive development and it may have

the potential to interrupt the vicious cycle of the trans-

mission of inequalities over time.
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