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Abstract

There has been little examination of: (1) associations of early-life nutrition and ado-
lescent cognitive skills, (2) if they vary by gender, (3) if they differ by diverse con-
texts, and (4) contributions of post-infancy growth to adolescent cognitive attain-
ment. We use Young Lives data on 7687 children from Ethiopia, India, Peru, and
Vietnam to undertake ordinary least squares estimates of associations between
age-1 height-for-age z-score (HAZ) and age-15 cognitive outcomes (math, reading,
vocabulary), controlling for child and household factors. Age-1 HAZ is positively
associated with cognitive scores in all countries. Child gender-specific estimates
for these coefficients either do not differ (math, reading) or favor girls (vocabulary).
Augmenting models to include growth in HAZ between ages 1 and 15 years that
was not predicted by HAZ at age 1 reveals that such improvements are associated
with higher cognitive scores, but that sex-specific coefficients for this predictor
favor boys in India and Peru. The results suggest that nutritional indicators at age 1
have gender-neutral associations with math and reading and favor girls for vocabu-
lary achievement at age 15, but unpredicted improvements in HAZ by adolescence
are associated with higher cognitive scores for boys than for girls. This evidence
enriches our understanding of relationships between children’s nutritional trajecto-
ries during childhood and adolescent cognitive development, and how these associa-
tions vary by gender in some contexts to the possible disadvantage of girls.
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Introduction

There is a growing consensus in the early childhood development literature that
experiences in very early life, from conception through early childhood, are often
very formative for later outcomes. The 2017 Lancet series (Black et al. 2017) on
early childhood development lays out the case for investment in early childhood
development through the lens of a life course approach, recognizing that early expe-
riences have long-term consequences on the physiological structure of the brain as
well as on adult outcomes like cognition, earnings, marriage, and fertility.

Some scholars have posited early limits to critical periods of child develop-
ment, suggesting that growth trajectories are irreversible after age 2 years (Vic-
tora et al. 2008) or that certain components of language learning are limited to
the first 2 years of life (Friedmann and Rusou 2015; Kuhl 2010). Other studies
have suggested that influences on child growth and cognition may occur through
at least middle childhood. For example, data from the Young Lives study have
suggested that physical growth may be responsive to socioeconomic status and
other influences as late as age 8 years of age (Lundeen et al. 2014; Schott et al.
2013). Similarly, Gale et al. (2004) suggest that brain growth between infancy
and 9 years of age is important in determining child cognitive skills.

More recently, scholars have made the case for focusing not just on the first
1000 days of life or mid-childhood, but the first 8000 days, including the period of
adolescence as a pivotal “window of opportunity” for either remedying early nutri-
tional deficits or forming cognitive, social emotional, executive functioning, and
other skills (Bundy et al. 2017; Dahl et al. 2018; Fuhrmann et al. 2015; Steinberg
2014; Van den Berg et al. 2014). Adolescence is a distinct phase of the life course,
characterized by significant physical and brain maturation and rapid development of
skills related to social engagement and emotional control. The interaction of these
biological processes with surrounding economic and social environments shapes
human development outcomes, with lasting effects on the life course and potential
repercussions on the next generation (Patton et al. 2016; Schott et al. 2017). In 2015,
the estimated global population of adolescents aged between 10 and 19 years was
1.2 billion, accounting for about 16% of total world population. 90% of adolescents
live in low- and middle-income countries (LMICs), whereby the barriers to achieve
healthy nutrition and adequate learning outcomes, and gender equality in these
goals, are often most challenging (Dahl et al. 2018). This historically unprecedented
population of adolescents constitutes an opportunity for LMICs: however, in order
to seize this demographic dividend, countries need to strategically invest now in
adolescent health and education (Dahl et al. 2018; Patton et al. 2016).

Despite the relevance of adolescence for individual long-term outcomes and
broader societal welfare, only a limited body of research has focused on this life
course stage (Bundy et al. 2017). A key gap relates to the investigation of the
linkages between early nutritional status and cognitive attainments in adoles-
cence. Most studies focusing on the human development consequences of malnu-
trition experienced in the first 1000 days have instead focused on early and mid-
childhood or adulthood (see next section for a review).
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Further, evidence related to the contribution of post-infancy changes in nutri-
tional status on human development is scarce. A limited, yet growing, literature has
started to fill this gap, by focusing on the pre-pubertal and pubertal periods. These
stages were identified as particularly sensitive for life course outcomes. For instance,
van den Berg et al. highlighted that the period before the pubertal growth spurt con-
stituted a critical period for adult height and other outcomes, including schooling
and cognition (Van den Berg et al. 2014). Further, Akresh et al. (2017) highlighted
that the long-term adverse effects on adult height were larger for children exposed to
an extensive conflict-induced famine in Biafra (Nigeria) between 13 and 16 years as
compared to those who were exposed at earlier ages. Second-generation effects were
also found, whereby mortality and malnutrition was increased among the children of
girls exposed to conflict during their adolescence.

A further research gap relates to whether the longitudinal associations between
early nutritional circumstances and human development outcomes vary by gender.
For instance, while Reynolds et al. (2017) examine inequalities in cognitive devel-
opment by socioeconomic status, none of the previous literature has investigated
gender differences in cognitive outcomes in relation to early child nutrition. This
is a critical gap, since following puberty, inequalities in education by gender tend
to increase (Dercon and Singh 2013). In a recent paper using Young Lives data
from Ethiopia, India, Peru, and Vietnam, Singh and Krutikova (2017) found that
while girls and boys tended to display similar levels of cognitive attainments prior
to school entry (at 5 years) and at mid-childhood (8 years), wide gender inequali-
ties were present at 19 years. Gender gaps emerged at 12 years and then widened
at mid-adolescence (15 years). Similar findings were reported by Dercon and Singh
(2013). Gender bias in educational attainments may be due to the increasing impor-
tance of gender norms, roles, and aspirations, which may all drive gender-specific
variation in schooling participation and educational quality, time use, perceived
differential returns to schooling, as well as early marriage and fertility (Alderman
and King 1998; Dercon and Singh 2013; Saewyc 2017; Viner et al. 2012; Vlassoff
2007). In turn, these factors may influence the allocation of food, health, and educa-
tional expenditures towards boys. In fact, while girls tend to have better nutritional
outcomes at birth than boys due to their greater biological resilience to food insecu-
rity and other adverse circumstances (Kraemer 2000; Marcoux 2002; van den Berg
et al. 2016), a pro-boy advantage in nutritional status at adolescence may stem from
preferential treatment of males with regard to the intrahousehold allocation of food
or health expenditures later in childhood and adolescence (Aurino 2016; Backstrand
et al. 1997; Behrman 1988; Gittelsohn 1991; Hadley et al. 2008). Therefore, we
hypothesize that gender differentials in growth conditional on early nutrition may be
one of the factors driving inequalities in cognitive attainments by boys and girls in
adolescence.

Importantly, factors underpinning gender differentials in adolescent cognitive
development may be highly context-specific, and they may not always disadvantage
girls. For instance, Singh and Krutikova (2017) document that while girls on aver-
age have lesser cognitive attainments in Ethiopia, India, and Peru, in Vietnam, girls
outperform boys. The study of gender inequalities in attainments is important also
because such disparities can also exacerbate other pre-existing inequalities (e.g.,

@ Springer



902 E. Aurino et al.

ethnicity, poverty, place of residence, disability) and/or future disadvantage in the
labor market, potentially leading to compounding disparities over the life course.

This study aims to address these three key gaps in the literature by offering new
evidence on the long-term associations between early-life nutritional indicators and
learning achievements at adolescence between boys and girls, drawing on high-qual-
ity panel data from the Young Lives study. We focus specifically on gender gaps in
cognitive attainments, contributing to knowledge relevant for the United Nations’
Sustainable Development Goal (SDG) 4 on “quality education for all” and SDG 5
on “gender equality.” While in the past two decades there has been an unprecedented
increase in the share of children enrolled in primary school in LMICs, average
learning levels are dismal, and gender differences tending to favor boys in cogni-
tive attainments are widespread, particularly among the most vulnerable populations
(World Bank 2018).

This paper makes five main contributions to the current body of evidence. First,
by covering a span of 15 years for a recent cohort of children born in the 21 cen-
tury, it adds adolescent outcomes to a literature largely focused on the influences of
early-life nutritional indicators on cognitive and other outcomes in childhood and,
in a few studies, in adulthood. That there are relatively few studies on adolescent
outcomes is unfortunate, since adolescence is a period during which substantial
nutritional, cognitive, and non-cognitive developments occur (Bundy et al. 2017,
Viner et al. 2015). Further, as adolescents were tested in multiple cognitive domains
(vocabulary, maths, and reading), we are able to assess skill-based heterogeneity
in the relationship between early-life height-for-age z-scores (HAZ) and learning
achievements. Second, it compares outcomes for girls and boys during adolescence,
a crucial life-cycle stage in which many gender differences become manifest, as
noted above. Third, it investigates the role of changes in nutritional status between
one and 15 years, thus contributing to a growing evidence base on the role of post-
infancy nutrition and life course outcomes. Fourth, it presents estimates among four
different LMICs representing a diversity of ethnic and cultural groups and levels of
development and gender equality, rather than focusing on one country. Finally, it
examines the role of age-15 school enrollment and time use as potential mediators
(beyond post-infancy growth) in the relationship between early nutrition and adoles-
cent outcomes.

Early-Life Nutrition and Cognitive Attainments: Literature Review

As noted in the introduction, there is a vast literature examining the long-term influ-
ences of early-life nutritional status and educational outcomes in childhood or, to a
lesser extent, adulthood, and a remarkable paucity of evidence focusing on studying
these associations in the critical adolescent life-cycle stage.

With regard to childhood outcomes, there is a large literature in economics,
epidemiology, and sociology documenting associations between birthweight and
anthropometric measures in infancy, and child outcomes, such as linear growth
and education (Alderman et al. 2006; Aurino and Burchi 2017; Duc and Behr-
man 2017; Georgiadis et al. 2016; Kowalski et al. 2018; Schott et al. 2013;
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Torche and Conley 2015; Torche and Echevarria 2011). Longitudinal studies
have suggested that measures of early nutritional status (height in particular) are
associated with later schooling and cognitive achievement (Adair et al. 2013;
Cheung and Ashorn 2010; Crookston et al. 2010, 2013; Gandhi et al. 2011;
Georgiadis et al. 2016; Glewwe and King 2001; Martorell et al. 2010).

Previous research using earlier rounds of Young Lives, the same data used
for this article, examines relations between HAZ at various ages with school
completion and cognitive achievement. Using cognitive outcomes at age 5 years,
Crookston et al. (2010) find that children who recover from early stunting have
cognitive scores similar to those who are never stunted. In a follow-up paper,
Crookston et al. (2013) find that HAZ is associated with higher mathematics
achievement, reading comprehension, and receptive vocabulary at 8 years, and
that unpredicted improvements in HAZ from ages 1 to 8 conditional on HAZ at
age 1 are also associated with higher achievement for these outcomes. Georgi-
adis et al. (2016) propose a path model to examine pathways linking growth to
cognitive development and suggest that early school enrollment may explain the
link between growth trajectories and cognition at age 12 years. Kowalski et al.
(2018) find that linear growth is significantly associated with math and language
achievement scores at age 12 years. However, the associations are small in mag-
nitude. Fink and Rockers (2014) examine grades completed as well as cognitive
performance for verbal and math skills among the older Young Lives cohort,
finding negative associations of stunting at prior ages with these outcomes.

With regard to adulthood outcomes, a body of evidence suggests a link
between early-life anthropometric measures and adult outcomes, such as long-
term health, cognitive skills, educational attainment, school completion, produc-
tivity, earnings, and even spousal characteristics, fertility, and anthropometrics
for the next generation (Almond and Currie 2011; Behrman and Rosenzweig
2004; Hoddinott et al. 2013; Maluccio et al. 2009; Martorell et al. 2010; Nandi
et al. 2018; Torche and Conley 2015). Focusing on adult educational achieve-
ments, a one-standard deviation increase in HAZ is associated with increases in
schooling attainment (0.78 grades) and higher test scores for reading and non-
verbal cognitive skills (0.28 and 0.25 SDs, respectively) in a longitudinal sample
of Guatemalan adults (Hoddinott et al. 2013; Maluccio et al. 2009). Adults born
in villages involved in nutritional intervention trial villages were 9% more likely
to complete secondary school and 11% more likely to complete graduate educa-
tion in Andhra Pradesh, India (Nandi et al. 2018). Using data from five birth
cohorts, Martorell et al. (2010) show that birthweight and weight gain in the first
2 years of life are associated with higher schooling (0.21 grades and 0.43 grades
for birthweight and weight gain, respectively).

The remainder of this paper investigates the longitudinal associations between
early childhood HAZ and adolescent learning achievements, thus bridging the
gap between these two strands of literature focusing on the linkages between
early-life nutrition and childhood and adulthood outcomes.
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Data and Methods
Sample

Data are from the Young Lives study, a longitudinal study of childhood poverty con-
ducted in Ethiopia, India (Andhra Pradesh and Telangana), Peru, and Vietnam (Bar-
nett et al. 2013). The study followed two cohorts of children in each country, total-
ing roughly 12,000 children, over 15 years. We focus on the Younger Cohort (about
2000 children per country), aged 6 to 18 months at study inception in 2002, because
only this cohort has early-life nutritional data. These children were subsequently
surveyed in 2006, 2009, 2013, and 2016, at 5, 8, 12, and 15 years of age, respec-
tively. Within each country, children and their families were randomly selected from
20 sentinel sites. Selection from sentinel sites was by semi-purposive sampling
where the site was chosen to represent the geographical, economic, social, and eth-
nic variation of population living in the specific area. As the Young Lives study
aimed to study children at risk, poor families were oversampled. While the sample
is not nationally representative (or, in the case of India, state-representative), it rep-
resents the geographic, ethnic, and socioeconomic variation of the population living
in these three countries and two Indian states. Furthermore, comparison of key child
outcomes or socioeconomic variables to those collected in nationally representative
surveys shows similar patterns and variations (Barnett et al. 2013). Details on sam-
ple, variables construction, and other information related to the data are available at
www.younglives.org.uk.

Attrition in the Young Lives study is particularly low in comparison to similar
longitudinal studies, thanks to the extensive efforts made by local study teams in
tracking children who moved from their original communities. Overall, only 6.8%
of the initial Younger Cohort sample were not successfully re-interviewed after
15 years (Ethiopia: 9.3%; India 5.5%; Peru: 9.3%; Vietnam: 3.1%). The only round
1 predictor of tracking at 15 years is urban residence, associated with a decrease of
2 percentage points in the probability of being re-interviewed in round 5. With this
exception, no other early childhood child- or household-level characteristic is sig-
nificantly associated with the probability of being part of the longitudinal sample for
15 years, which attenuates potential concerns of attrition bias. The sample sizes after
attrition are Ethiopia (1813), India (1900), Peru (1860), and Vietnam (1938).

Cognitive Achievements

We focus on three main indicators of cognitive achievement at 15 years: receptive
vocabulary, mathematics, and reading. Receptive vocabulary was measured with
the Peabody Picture Vocabulary Test (PPVT), a measure of vocabulary develop-
ment that is fairly widely administered in LMICs as well as in high-income coun-
tries. Mathematics skills were assessed through a mathematics test on topics such
as basic arithmetic and short problems related to day-to-day use of math. Reading
was assessed through a test with tasks ranging from matching pictures with words
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to more complex tasks, like reading short texts and responding to questions of com-
prehension. All tests were designed by educational experts and adapted to the for-
mal curricula of the countries and in the local language as appropriate (Cueto et al.
2009). Cognitive tests were administered at home to include children not currently
enrolled in school. About 4% of the sample (N=2323) is missing at least one of the
three cognitive achievement tests. We age-standardize the scores within each sur-
vey round, as there is about a 12-month gap between the youngest and the oldest
children in the sample children at each round. In the case of PPVT scores, we also
language-standardize the scores within each major language in which the tests were
taken, since psychometric properties are such that results should be compared with
reference to children within the same language group (Cueto et al. 2009). Major
languages are Amarigna (Amharic), Oromifa, and Tigrigna in Ethiopia; Telugu in
India; Spanish in Peru, and Tiéng Viét for Vietnam. For some children, the PPVT
was administered in non-major languages informally (such as translation on-the-
spot); these scores are excluded from our analysis due to concerns about their valid-
ity and reliability (this affects 244 children in Ethiopia and 36 children in Peru).

For each country (and in the case of PPVT, for each language), the means and
standard deviations (SDs) employed in the computation of the age-standardized
scores are computed using the function developed by Reynolds et al. (2017). Learn-
ing outcomes for age-in-months are estimated as a cubic polynomial (see Rubio-
Codina et al. 2015). For the age-conditional SD, we square the residuals of the cubic
polynomial regression, and then regress them on another cubic polynomial of age-
in-months. This method has the advantage of providing continuity in the standard-
ized scores across months, while at the same time allowing for flexibility by month
of the mean and variance used in the standardization.

Early-Life Nutrition Measures

As in most previous literature, we focus on HAZ measured at round 1 as the key
marker of early-life nutritional status. In additional regressions, we also explore
BMI-for-age z-scores (BAZ) at round 1 as an indicator of concurrent nutrition in
early life.! The use of both indicators is motivated by the fact that while HAZ cap-
tures all nutritional inputs received from conception to measurement, BAZ assesses
the contemporaneous (at the time of the measurement) nutritional status of the child.
Child supine length in round 1 was measured to 1 mm with standardized stadiom-
eters. Weight was measured to 100 g using platform scales or clock balances. Two
measurements were taken and the average used to increase precision. We calculate
HAZ and BAZ using World Health Organization international reference standards

! At an earlier stage, we considered the use of birthweight as an indicator of in utero health but the large
proportion of missing data and self-reports, particularly for Ethiopia and, to a lesser extent, India, ham-
pered its use. Further, a logistic regression model of missing birthweight on child and household charac-
teristics highlighted that missing birthweight was associated with household wealth, mother’s schooling,
father’s schooling, whether child was first-born, and household size. Given these issues, we decided to
exclude birthweight from this analysis.
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for the relevant age groups and the children’s ages in months (De Onis et al. 2004,
2007). As HAZ is inversely associated with age at recruitment given that ages
ranged from 6 to 18 months, and growth faltering often occurs during this period
(Victora et al. 2010), we control in all regressions for child age-in-months, age-in-
months squared, and month of birth. We generate two dichotomous indicators of
early-life malnutrition, namely stunting (“low HAZ”) and of “low BMI,” with the
cutoffs of —2 SDs from the median WHO international reference standards.

To capture childhood changes in nutritional status, we calculate the unpredicted
change in HAZ from 1 to 15 as the residuals from a regression of HAZ at age 15
on HAZ at age 1 for each country separately controlling for dichotomous variables
measuring child age-in-months or dummies for age-in-months squared, month and
year of birth.? This approach captures the deviations in children’s HAZ trajectories
from what would have been predicted based on their HAZ status at age 1. This and
similar measures are increasingly used in the nutritional literature to capture change
(e.g., change in HAZ) while explicitly addressing statistical issues related to highly
correlated anthropometrics measurements across ages.” The unpredicted growth in
HAZ is inclusive of post-infancy growth as well as adolescent growth spurts, though
the latter is not likely to be complete by age 15 for boys and for girls who started
puberty when older.

Other Measures

Other measures used in the analysis are maternal height, measured at the second
round of the survey using a similar method to the measurement of child height
described above, but with standing height rather than supine length; completed
schooling attainment for both parents, which we code to completed grades of
schooling based on educational program type; urban residence; and wealth index.
The wealth index (range 0-100) incorporates service access, housing quality, and
asset ownership in round 1.

Child time on household tasks at age 15 is the number of hours per day typically
spent on household tasks and care activities, while time in work-for-pay measures
the hours per day working either for the family or an external business.* Total time

2 Some scholars advocate the use of changes in height-for-age deficits (HAD) rather than changes in
HAZ to characterize changes across ages (Leroy et al. 2015). They note that HAD may increase or
remain the same between two ages even if HAZ decreases, because of the increasing standard deviations
of heights with age in the reference population. But using HAD implies that, say, a 10 cm height deficit
means the same at age 15 as at age 1, which we find questionable. Instead we think that measuring height
relative to the reference distributions with their age-dependent standard deviations and medians is more
plausible. Therefore, we follow the dominant convention in the literature and use HAZ changes across
ages, and not HAD changes across ages.

3 A similar approach was adopted in Martorell et al. (2010).

* We considered merging work within and outside the household into a single category, but given the
gendered division of work (with girls contributing more to household tasks and boys more engaged in
paid work), we think that leaving them separate improves understanding of underlying mechanisms, with
a specific emphasis on gender. This measure is also consistent with the ILO definition of child labor,
which only considers time in industry/services business or agriculture as forms of child labor (see https://
www.ilo.org/ipec/facts/lang--en/index.htm).
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in educational activities measures the number of hours per day a 15-year-old spent
either in school or studying. School enrollment at age 15 reflects whether an ado-
lescent was enrolled in school at the time of the survey. We also create a variable
labeled “early puberty” that indicates whether respondents answered that they had
started menstruation in the case of girls, or had hair on their chin or experienced
voice changes for boys, at round 4 (12 years).

Statistical Methods

To address missing values, we conduct multiple imputation using chained equa-
tions (White et al. 2011) through the command ice in Stata 15.1 with the option of
25 imputations. While this procedure does not address potential selection bias due
to missing values that are not random, it presents efficiency advantages compared
to other missing data imputation techniques, such as unconditional mean imputa-
tion, as it exploits fully the variation in the data. Although we compute the multiple
imputation for all the independent and dependent variables, we restrict the models to
those observations for which the cognitive scores, our main outcomes, are not miss-
ing.> Descriptive statistics were computed before the multiple imputation.

For the main analysis, we conduct ordinary least squares regressions of the three
cognitive scores (PPVT, mathematics, reading) at age 15 years on HAZ at age 1 year
and a series of controls, including a dummy indicating the child is male, age-in-
months, age-in-months squared, month of birth, maternal height, mother’s com-
pleted grades of schooling, father’s completed grades of schooling, wealth index,
household size, and a dummy for urban residence. We also include interactions of all
the regressors with the male child dummy to examine differences in the coefficient
estimates of these predictors by child gender. All included controls were measured
at round 1 when the child was age ~ 1 year, except for maternal height and parental
schooling, which were collected in round 2 when the child was age 5 years. We run
separate estimates for each country, as Chow—Rao tests of equality of coefficients
showed that there were differences in the associations of HAZ and its interaction
with gender with test scores across countries, which implied that pooling the coun-
tries together may mask important heterogeneities in these relationships.

We then add to the main model by examining potential mediators through which
the impacts of early-life nutritional status on learning by adolescence may occur in
each country setting. We examine how the coefficient estimates for the early-life
HAZ in the main model change when specifications also include: (i) school enroll-
ment, (ii) time use (time in household tasks, time in work outside the household;
time in education), and (iii) unpredicted changes in HAZ from age 1 to 15. As per
the main model, we include interactions with child gender in each of these aug-
mented models.

Finally, as a supplementary analysis, we include, in two different models: (iv)
unpredicted changes in HAZ from 1 to 8 years and (v) early puberty as a channel on

5 Tt is standard practice to only include non-missing dependent variable values when using multiple
imputation (White et al. 2011).
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its own, and the interactions of these variables with child gender. Puberty represents
a time of great biological and psychological change that is unobserved directly in
the data, yet possibly crucial to learning attainments and differences between boys
and girls in those outcomes. For instance, there may be unobserved systematic var-
iation based on pubertal development in terms of biological (e.g., brain develop-
ment, hormonal changes) or social factors (e.g., norms, increased absenteeism due
to menstruation). Similarly, by including unpredicted HAZ by age 8 years (prior to
the pubertal growth spurt), we investigate whether the associations between unpre-
dicted growth after age 1 and adolescent cognitive attainments are similar regardless
of whether we consider the pubertal period or not in the estimation of childhood
growth trajectories.

Given that Young Lives sampling was undertaken by choosing 20 sentinel sites in
each country, we cluster the standard errors at the sentinel site at round 1 in all mod-
els to adjust for clustering of children residing in the same sentinel site.

Compliance with Ethical Standards

During data collection, all procedures performed with human subjects were in
accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards. Informed consent was obtained from all individual par-
ticipants (children, caregivers, and any other involved) at each round of fieldwork
(Morrow 2013). Young Lives has received approval from the ethical board of the
University of Oxford and the study countries. The authors declare no conflicts of
interest.

Results
Descriptive Statistics

Table 1 presents descriptive statistics of early childhood nutritional indicators and
cognitive outcomes (excluding missing values prior to multiple imputation), with
gender differences by country. Malnutrition at age 1 year was prevalent: 31% of chil-
dren were stunted and 11% had low BMI. Levels of malnutrition varied across coun-
tries: Ethiopia had the largest burden of stunting and low BMI, while Vietnam had
the lowest prevalence of both. Girls had higher age-1-year HAZ and BAZ scores
than boys, and, consequently, lower prevalence of stunting and low BMI in all four
countries, which is consistent with the literature on gender disparities in early nutri-
tion reviewed in the introduction.

The sample countries are also very different in terms of gender disparities in ado-
lescent cognitive attainments. In Ethiopia, there were no gender differences across
the three cognitive skills, while in India and Peru, adolescent girls had lower scores
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Table 1 Descriptive statistics, by gender and country

Girls Boys Diff. (girls—boys)
N Mean [SE] N Mean [SE]
Ethiopia
Nutrition indicators at 1 year (2002)
HAZ 727 —1.552 [0.060] 808 —1.875 [0.055] 0.323°
BAZ 722 —1.25[0.063] 803 —1.441 [0.060] 0.191%*
Stunted 727 0.414 [0.018] 808 0.5[0.018] —-0.086"
Low BMI 787 0.156 [0.013] 883 0.179 [0.013] -0.023
Learning achievements at 15 years (2016)
Math 807 —0.458 [0.028] 901 —0.429 [0.025] —0.029
PPVT 754 —0.028 [0.038] 848 0.023 [0.033] —0.051
Reading 795 —0.095 [0.041] 882 —0.163 [0.038] 0.068
India
Nutrition indicators at 1 year (2002)
HAZ 838 —1.164 [0.047] 976 —1.345[0.047] 0.180"
BAZ 838 —1.118 [0.045] 979 —1.281 [0.046] 0.163*
Stunted 838 0.271 [0.015] 976 0.316 [0.015] —0.045%
Low BMI 848 0.168 [0.013] 991 0.221 [0.013] —0.054"
Learning achievements at 15 years (2016)
Math 844 —0.283[0.029] 992 —0.132[0.029] —-0.150°
PPVT 868 —0.068 [0.038] 1018 0.058 [0.028] —-0.126"
Reading 838 —0.156 [0.030] 989 —0.224 [0.028] 0.067
Peru
Nutrition indicators at 1 year (2002)
HAZ 885 —1.233[0.039] 898 —1.406 [0.042] 0.173°
BAZ 883 —0.692 [0.050] 897 —0.873 [0.052] 0.182%*
Stunted 885 0.25 [0.015] 898 0.311[0.015] —-0.0617
Low BMI 902 0.021 [0.005] 913 0.022 [0.005] —0.001
Learning achievements at 15 years (2016)
Math 922 0.069 [0.030] 938 0.242 [0.032] —0.1737
PPVT 894 —0.088 [0.033] 917 0.086 [0.033] —-0.175°
Reading 896 0.443 [0.027] 910 0.448 [0.027] —0.005
Vietnam
Nutrition indicators at 1 year (2002)
HAZ 908 —1.023 [0.036] 944 —1.203 [0.038] 0.180"
BAZ 909 —0.834 [0.037] 945 —0.937 [0.039] 0.103*
Stunted 908 0.176 [0.013] 944 0.24410.014] —0.067"
Low BMI 910 0.035 [0.006] 949 0.046 [0.007] —0.011
Learning achievements at 15 years (2016)
Math 925 0.531 [0.037] 963 0.357 [0.035] 0.174°
PPVT 944 0.012 [0.033] 987 —0.012[0.031] 0.024
Reading 929 0.052 [0.033] 963 —0.291 [0.032] 0.343°

Descriptive statistics are computed prior to multiple imputation. Stunting is an indicator of chronic mal-
nutrition, and assumes the value of 1 when HAZ is below —2 SDs from the international reference stand-
ard (De Onis et al. 2004). Low BMI assumes the value of 1 if BAZ is below —2 SDs from the interna-
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Table 1 (continued)

tional reference standard (de Onis et al. 2004). The values displayed for the difference are the differences
in the means between girls and boys with 7 tests for significance. All tests are age-standardized; PPVT is
also standardized within each main language

T and * indicate significance at the 1 and 5 percent critical levels

0.6 0.561

0.5 0.478
0454 0 443

0.396
0.359 0.346
0317
I I 0.276

Math PPVT Reading

0.4

0.3

0.

standard deviations
(3]

0.1

Cognitive gap (non-stunted - stunted),

m All children ®mBoys = Girls

Fig. 1 Adolescent mean cognitive achievement inequalities by stunting at 1 year, full sample and by child
gender. Notes: This figure presents mean cognitive achievements at 15 years by stunting status at Round
1, for the full sample and by child gender. Each bar provides the difference between the mean test scores
between non-stunted children and stunted children. All differences are statistically significant at the 1%
level. All tests are age-standardized, and PPVT is also standardized within each main language. Stunting
is an indicator of chronic malnutrition, and assumes the value of 1 when HAZ is 2 SDs or more below
the international reference standard

than their male counterparts for math and PPVT. In contrast, adolescent girls in
Vietnam performed better than boys in math and reading.

Figure 1 shows mean adolescent cognitive gaps at age 15 years by stunting status
at age 1 year, between boys and girls as a general overview of gender differences
in test scores for the pooled sample. At a descriptive level, there was a large gap in
cognitive achievements at mid-adolescence by age 1 stunting. The average gaps in
mean test scores for the full sample were 0.45 SD in math, 0.40 SD in vocabulary,
and 0.32 SD in reading. When stratified further by gender, girls who were stunted at
age 1 year had larger gaps than boys who were stunted at the same age, particularly
for PPVT.

Beyond this general picture, Fig. 2a—c explores differences by gender in adoles-
cent achievements by plotting the entire distribution of test scores by age 1 HAZ
for each country. Figure 2a presents gender differences for math. In India, and to a
lesser extent in Peru, the distribution of math achievements for girls tended to lie
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below the one for boys across the whole distribution of age-1 HAZ. By contrast,
in Ethiopia and Vietnam, girls at the bottom of the HAZ distribution tended to out-
perform boys in math, though for higher levels of HAZ, boys were more likely to
fare better than girls. For PPVT, as for math, girls tended to fall behind boys across
the whole distribution in India and Peru, although the magnitude of the gender gap
was generally less pronounced than for math (Fig. 2b). No remarkable differences
were evident for Vietnam and for Ethiopia. Finally, for reading, Fig. 2c shows that in
Vietnam and Ethiopia, girls tended to outperform boys for most of the distribution
of HAZ (in Vietnam across the whole distribution), while there was no clear pattern
for India and Peru.

Main Results

Table 2 presents results from the main model that regresses cognitive scores at age
15 years on age-1 HAZ and includes interactions with the male child dummy. The
coefficient for age-1 HAZ indicates significant associations with cognitive perfor-
mance in math, vocabulary, and reading. Estimates suggest that a one unit increase
in HAZ is associated significantly with 0.05 and 0.07 increases in SD units for math
in India and Peru, 0.09-0.14 increases for PPVT across all countries, and a 0.09
increase for reading in India. Estimates are equivalent for adolescent boys and girls
for math and reading, but not for PPVT. Adolescent girls with higher values of age-1
HAZ are at an advantage for PPVT relative to boys in all countries except Peru.
This advantage is particularly pronounced for girls in India (the coefficient estimate
for the interaction term, providing the association of HAZ for males, is —0.095,
implying that a one unit higher HAZ is associated with only 0.005 increase in PPVT
scores for boys).

In an extension, we augment the main model with BAZ at age 1 and its interac-
tion with gender to investigate whether the inclusion of this indicator of concurrent
malnutrition at age 1 predicts adolescent test scores over and beyond HAZ. Results
are in Supplementary Materials 1. The inclusion of BAZ does not change the size or
statistical significance of HAZ, nor of its interaction with child gender. BAZ is only
significantly associated (at 10% level) with reading scores in India. The interaction
between gender and BAZ is also only positively associated with higher PPVT scores
for boys in India.

Extension: Are Gaps in Adolescent Cognitive Attainments Mediated by Schooling,
Time Use, and Post-infancy Growth?

We augment the main model presented in Table 2 to examine whether coefficients
on HAZ are robust to the inclusion of additional predictors, possibly mediators, of
adolescent cognitive performance. In models 1-3 included in Tables 3, 4, and 5,
separately for each country, we include, respectively, (1) school enrollment, (2) time
use, and (3) unpredicted changes in HAZ from ages 1 to 15 years. We explore the
inclusion of school enrollment and time use, as these characteristics might be key
predictors of cognitive scores at adolescence, potentially mediating and therefore
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Fig.2 a Adolescent math achievements distribution by HAZ at 1 year, by child gender and country.
Notes: This figure presents mean math achievements at 15 years by HAZ at Round 1, by child gender
and country. b Adolescent vocabulary achievements distribution by HAZ at 1 year, by child gender and
country. Notes: This figure presents mean vocabulary achievements at 15 years by HAZ at Round 1, by
child gender and country. Vocabulary is measured by the PPVT test. ¢ Adolescent reading achievements
distribution by HAZ at 1 year, by child gender and country. Notes: This figure presents mean reading
achievements at 15 years by HAZ at Round 1, by child gender and country

attenuating the coefficient estimates for the regressors estimated in the main model.
The inclusion of unpredicted changes in HAZ tests whether changes in HAZ after
age-1 year are separate predictors of cognitive scores. If these additional factors
explain some of the variation in adolescent cognitive attainment, the size and statis-
tical magnitude of the coefficient estimates associated with early-life nutrition may
be reduced. Each of these variables are, again, interacted with being male, to inves-
tigate sex-specific patterns. Tables 3, 4, and 5 report the results for math, PPVT, and
reading, respectively. When significant in the main model reported in Table 2, the
coefficients on HAZ do not attenuate in these extended models. In the model con-
trolling for schooling, enrolment is associated with higher math, PPVT, and reading
scores for adolescent girls and boys. Time use is differentially associated with scores
across countries and for boys versus girls (model 2). Every additional hour spent on
household tasks is inversely associated with math and reading scores in Vietnam,
and with vocabulary in India. Examining the interactions with the male dummy,
hours spent on household tasks are associated with lower math scores for boys com-
pared to girls in Ethiopia and Peru, and with lower reading scores for boys in Ethio-
pia. Hours spent in work activities outside the household are positively associated
with math and inversely associated with vocabulary in Ethiopia. In Peru, hours of
work are negatively associated with math scores. When significant, the interaction
between time spent in work outside the household and being male shows that, as
compared to girls, boys have higher test scores holding hours of work constant. The
only exception is for Ethiopia in the case of math, where time spent in work is asso-
ciated with higher achievements for girls as compared to their male counterparts.
Hours spent in school or studying are associated with higher cognitive scores for
all three outcomes and across all countries. Unpredicted post-infancy height growth
(model 3) is associated with improvements in test scores in the countries that have
higher prevalence of early malnutrition (Ethiopia and India) for math and read-
ing, with magnitudes ranging between 0.08SD and 0.10SD. Also, the associations
between unpredicted changes in HAZ for all outcomes favor boys’ cognitive scores
in India and Peru. For instance, in India, one SD increase in unpredicted changes in
HAZ is positively associated with an increase of more than 0.02SD units of PPVT
for boys. Similarly, in Peru, post-infancy growth is only associated with higher boys’
test scores in math and PPVT, and in India the association is only manifest for boys’
reading scores.

In separate analyses presented in Supplementary Tables S2.A, S2.B, and S2.C
for math, PPVT, and reading, respectively, we examine whether the relationships
observed in the model controlling for unpredicted growth between 1 and 15 years
occurred prior to the pubertal growth spurt, by age 8 years (round 3), or whether
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associations are similar regardless of the period of time of unpredicted growth con-
sidered. These estimates highlight that the associations between unpredicted change
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Fig.2 (continued)

in HAZ between ages 1 and 8 are about the same magnitude as those reported in
Tables 3 and 5 for Ethiopia and India. In India, the male advantage in unpredicted
change in HAZ for PPVT is smaller at 8 years than at 15 years, while in Vietnam we
find some male advantage of unpredicted growth for vocabulary that then disappears
at 15 years. Finally, in the same Supplementary Tables, we examine a fifth model
including an indicator of early puberty and its interaction with gender. In this set of
estimates, we find that adolescents who entered puberty early had higher scores for
math and reading in Peru (girls in particular), and for PPVT in India (Table S2.B).

Discussion and Conclusions

This paper provides several contributions to the child and adolescent development
literatures. First, it is the only paper of which we are aware that examines associa-
tions between early-life nutritional status and multiple adolescent cognitive out-
comes using comparative longitudinal data from several LMICs. Second, we assess
the predictive role of early-life nutrition on learning attainments by gender. Third,
we provide new evidence on the timing of the contribution of physical growth to
the divergence of cognitive outcomes, as well as heterogeneity in this association by
gender.

We document six main findings: first, at a descriptive level, at age 1 year, girls on
average have better nutritional status than boys in the four countries studied, which
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Table 2 Regressions of math,
PPVT, and reading scores on
HAZ Math

Ethiopia  India Peru Vietnam

Male —-0.133  0.140 0.149  —0.189
0.124)  (0.151) (0.186)  (0.208)
HAZ at age 1 year 0.022 0.049% 0.065%* 0.055
0.024)  (0.026) (0.024)  (0.033)

HAZ X male —0.002 -0.012 —0.026 0.061
(0.021) (0.030) (0.037)  (0.040)
Observations 1554 1795 1752 1857
PPVT
Male 0.187 0.266 0.145 -0.256

(0.189)  (0.213) 0.171)  (0.171)
HAZ atage | year 0.092%%% (0.[42%%%  0,086%* 0.]27+%*
(0.028)  (0.022) (0.034) (0.041)

HAZ xmale —0.078** —0.095*** —0.024 —0.066*
(0.029) (0.026) (0.034) (0.037)
Observations 1,448 1,844 1,706 1,899
Reading
Male —-0.264*  —0.020 0.109  —0.676%**

(0.146)  (0.169) (0.156)  (0.206)
HAZ at age 1 year 0.027 0.085%% 0012  0.042
0.032)  (0.033) (0.031)  (0.034)

HAZ x male —0.047 —0.049 0.020 0.008
(0.034) (0.038) (0.033) (0.045)
Observations 1,523 1,704 1,860 1,860

OLS regressions also include child age-in-months dummies; age-in-
months squared dummies, month of birth, first-born, household size
and urban residence at age 1, maternal height, parental schooling
attainment, and each of these variables interacted with male child.
Standard errors clustered at sentinel site level in parentheses

#p<0.1; #p <0.05; *+¥p <0.01

is consistent with a literature showing that boys’ nutrition in the early years is more
vulnerable to food insecurity than girls’ (Kraemer 2000; Marcoux 2002; van den
Berg et al. 2016). However, by age 15 years boys have higher cognitive scores than
girls in two of the four countries (India and Peru), while girls have a cognitive advan-
tage over boys in one country (Vietnam). There are no gender differences in cogni-
tive performance at age 15 years in Ethiopia. This finding contrasts with a body of
literature reporting that unit increases in early-life HAZ are associated with subse-
quent improved cognition (see “Literature review” section, and for a meta-analysis
of prospective studies focusing on cognition of children aged 5-11 years, see Sud-
feld et al. 2015). Based on this literature, in our sample we would have expected
better cognitive performance among adolescent girls, as they had higher early-life
nutrition in all countries. Second, after controlling for several child and household
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characteristics using ordinary least squares multivariate regressions, early-life nutri-
tional indicators (HAZ and, to a lesser extent, BAZ at age 1 year) predict higher
cognitive scores at age 15 years in all countries, which is consistent with previous
literature. Third, there is heterogeneity in the associations between HAZ and spe-
cific skills across countries: HAZ consistently predicts significantly higher PPVT
scores in all study settings, but only significantly predicts higher math scores in
India and Peru and higher reading scores for India. The result for PPVT in particular
may highlight the link between early childhood malnutrition and vocabulary devel-
opment, which starts in early childhood and it is consolidated between ages 3 and
6 years (Jalongo and Sobolak 2011). Math and reading skills, by contrast, are formed
later in life when the child is already in school, whereby concurrent investments in
nutrition and education, as well the quality of the overall educational environment,
could play relatively larger roles as compared to early-life circumstances (Aurino
et al. 2019). Fourth, in most cases, the coefficients related to early-life nutrition
do not differ by gender. The only exception is the association between HAZ at age
1 year and PPVT, which is higher for girls than for boys in Ethiopia and India, the
countries where early childhood nutritional deprivation is more widespread. Despite
the extensive literature on the longitudinal associations between early nutrition and
childhood cognition, prior evidence on sex-based heterogeneity in these relations is
limited as gender inequality has not been a central research question: in fact, most
studies either control additively for child gender in the analysis or they do not report
on gender heterogeneity. Fifth, when our main model is augmented by some poten-
tial channels through which cognitive skills may be developed beyond early-life
nutrition, the coefficients on HAZ remain robust. However, the estimates suggest
that contemporaneous investments in education (as measured by school enrollment
and time spent in educational activities) are more strongly associated with adoles-
cent cognitive attainments, as compared to early nutrition and unpredicted change
in nutritional status: being enrolled in formal schooling at age 15 years is always
associated with higher learning achievements in each context. Finally, we do not find
evidence of gender differences in the relations between schooling and attainments,
and the gender findings related to time use and attainments are mixed, depending on
the country and the specific indicator of time use considered. However, investments
in mid-childhood and adolescent nutrition that are captured by unpredicted and posi-
tive HAZ changes favor boys in India and Peru. In augmented models examining
changes in nutritional status after age 1-year, unpredicted improvements in HAZ
that have occurred by the age of 15, and some by the age of 8, tend to benefit boys
more than girls across all three cognitive outcomes in India and Peru. For PPVT,
these associations offset any initial advantage to girls from their higher age-1-year
HAZ in those countries.

The picture of a male advantage in adolescent cognitive development in India
and Peru, no gender gaps in Ethiopia, and a pro-female inequality in Vietnam is
consistent with previous evidence on gender gaps in educational attainments and
investments in these four countries. For instance, Singh and Krutikova (2017) found
evidence of pro-boy advantage in vocabulary and math in India, Peru, and Ethio-
pia, and a pro-female advantage in Vietnam, despite similar starting points between
boys and girls at pre-school age. In India, a large literature has documented a wide
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pro-boy advantage in learning achievements (Alcott and Rose 2017; Dercon and
Singh 2013; Lopez Boo and Canon 2014) and in accessing private schooling (Sahoo
2017; Woodhead et al. 2013). Lopez Boo and Canon, using only the Indian sample
of Young Lives, show steep gender and caste gradients for cognitive development,
with upper-caste girls outperforming boys at school entry and later following the
general patterns of female disadvantage (already present at 5 years for lower-caste
girls) at 8 years, suggesting greater parental investments in education at school age
for boys (Lopez Boo and Canon 2014). In Peru, Gertler and Glewwe (1992) found
evidence of male advantage in parental willingness to pay for child educational
expenditures. However, in the OECD-PISA tests, Peruvian boys tend to perform bet-
ter in sciences and math, while girls have an advantage in reading.® Ethiopia did tre-
mendous progress in closing the gender gaps in enrolment in primary and secondary
schooling, but girls still fall behind boys for tertiary education (Asfaw 2012; Tafere
2017). Data from the Young Lives show gender gaps in school attainments and edu-
cational aspirations favoring adolescent girls (Favara 2017). Finally, in Vietnam,
adolescent girls perform better in international achievement assessments such as the
OECD-PISA in both reading and math’ (Azubuike and Little 2019). Using Young
Lives school survey data, Azubuike and Little found that Vietnamese girls are gen-
erally more motivated and diligent than their peers in their studies and they tend to
perform better in both math and reading (Azubuike and Little 2019), while Dang
(2007) showed that there are no gender differences in private tuition expenditures.
Further, the gender differences in the associations related to the unpredicted
changes in HAZ in India and Peru may reflect unobserved son preferences in
health investments that occur during primary school and the early adolescent years,
which may be stronger in these two countries as compared to Ethiopia and Viet-
nam. Recently, Duc has shown that linear growth after 5 years of boys, but not girls,
increases disproportionally in face of improvements in the household socioeconomic
conditions in India and Peru, but not in Ethiopia or Vietnam (Duc 2019). In the
Indian context, there is extensive evidence of son preference in nutritional invest-
ments (Jayachandran 2015): boys (and especially first-borns) are breastfed for longer
(Jayachandran and Kuziemko 2011), and their dietary quality is generally higher,
particularly in adolescence (Aurino 2016). Consistent with this evidence of a pro-
boy bias in the allocation of food and health inputs, using the Young Lives data,
Himaz (2018) shows that Indian girls are more likely than boys to become stunted
after age 8 years. With regard to Peru, the literature on gender and age differences
in the intrahousehold food allocation is much more limited (and in Latin Ameri-
can countries more generally), with mixed findings related to discrimination against
girls. Also, existing studies focus on nutritional inputs for very young children,
which may be treated differently from school-age children and adolescents (Graham
1997). For Ethiopia and Vietnam, where we did not find evidence of male advantage

% http://gpseducation.oecd.org/CountryProfile?primaryCountry=PER &treshold=10&topic=PI (retrieved
June 26, 2019).

7 In the case of maths, the difference was not statistically significant, but still in contrast to OECD coun-
tries, where boys tend to do better than girls (Azubuike and Little 2019).
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when considering post-infancy changes in HAZ, our findings are also consistent
with previous literature. Existing evidence from Ethiopia shows that there are no
gender disparities in the intrahousehold allocation of nutrients, including after detri-
mental food security shocks, pointing to overall gender equality (Coates et al. 2018;
Tesfay and Abidoye 2019). For Vietnam, the literature is more limited, and mostly
focusing on child mortality: for instance, boys have higher child mortality than girls,
which it is attributed to higher risky behaviors among boys, rather than to unequi-
table distribution of nutritional resources (Pham et al. 2013). Indeed, although the
country has a tradition of son preference, gender equality policies have been pursued
since 1945, likely contributing to bridging, or even reversing, gender gaps in child
investments (Azubuike and Little 2019; Pham et al. 2013).

The repeated measures of heights and weights collected in a sample with low
attrition over 15 years constitute a unique and important strength of this study. Simi-
larly, the variety of standardized cognitive scores—math, reading, vocabulary—con-
stitute a further asset as it allows examination of skill-based heterogeneity in the
associations between early-life HAZ and adolescent learning. Further, data on an
extensive set of characteristics over the first 15 years of life in four diverse countries
allow us to examine nutritional status at various ages and characterize child devel-
opment over a broad swath of communities. We also acknowledge several limita-
tions. First, the timing of the measurements of height among adolescents could be
problematic, since there is large variation in the timing of puberty. The nutritional
data collected at age 8 are before pubertal growth spurts, but data collected at age 15
are after the growth spurts for some of the children and in the middle of the growth
spurts for others. Therefore, our estimates using unpredicted change in HAZ to age
15 years include some children who have reached adult height, but others who have
not. Without final adult heights, we have an incomplete picture of physical devel-
opment and its association with cognitive and other outcomes. Further, it is well
known that girls reach puberty on average at younger ages than boys and are thus
more likely to have reached adult height by age 15 years. Since timing of puberty is
partially idiosyncratic, some unpredicted improvements in HAZ will be due to the
timing of puberty, rather than a true increase in longer-run adult HAZ compared
to the reference population. If this is more likely for girls than boys, we might be
underestimating gender disparities in the associations between unpredicted growth
and cognitive outcomes. However, our examination of the “early puberty” channel
for cognitive skills suggests that early puberty is only predictive for math, and does
not differ by gender, except for reading test scores for Peru, which show evidence of
a positive association for girls. Thus, we do not expect this possible bias to have a
large influence on our estimates. Second, the PPVT vocabulary tests are standard-
ized within languages, but they do not permit comparisons across languages. This is
a limitation of the current stage of development of such tests more than a limitation
of the study per se, but it does constrain our approach to their analysis in our study.

Despite the caveats due to such limitations, the strengths of this study remain con-
siderable. We contribute to understanding of the associations of early-life nutrition
with cognitive skills beyond early and late childhood (the focus of most previous
literature) into adolescence. We therefore provide important evidence that early-life
HAZ is associated with learning trajectories, but also how these trajectories might
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be altered along the way through later investments in schooling and nutrition. We
show that some nutritional gains in adolescence were not predicted based on early-
life nutrition, but rather on changes post-infancy. From this analysis, we pinpoint
gender differences in the contribution of post-infancy growth and the development
of adolescent cognitive skills, suggesting that investments in boys may differ from
girls throughout childhood and adolescence due to multiple reasons, including gen-
dered parental preferences and societal norms, expectations about roles within and
outside the household, early marriage, fertility and childcare, and expected returns
to schooling. Therefore, for adolescent cognitive development, what is important is
not only conditions into the first year of life, but also later investments in education
and health. Gender disparities in these investments after the first 1,000 days may
thus contribute to differential cognitive outcomes in mid-adolescence between boys
and girls in some contexts where son-bias may be pronounced.

Under the assumption that the associations that we present are related in part to
causal relations, finally, there are possibly some important policy implications of
our results. First, in terms of adolescent skills, our evidence re-iterates the crucial
importance of investments in early-life nutrition. However, we show that invest-
ments in post-infancy food security and nutrition are also important for the devel-
opment of adolescent skills. Finally, given that the underlying attitudes to gender
equality may vary across countries and at different stages of childhood in some criti-
cal respects, effective policies should be tailored to individual contexts and stages of
childhood development.
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