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A B S T R A C T

We use data from a large sample of low- and middle-income countries to study the association
(or ‘‘gradient’’) between child height and maternal education. We show that the gap in height
between high- and low-SES children is small at birth, rises throughout childhood, and declines
in adolescence as girls and boys go through puberty. This inverted U-shaped pattern is consistent
with a degree of catch-up in linear height among children of low- relative to high-SES families,
in partial contrast to the argument that height deficits cannot be overcome after the early years
of life. This finding appears to be explained by the association between SES and the timing of
puberty and therefore of the adolescent growth spurt: low-SES children start their adolescent
growth spurt later and stop growing at later ages as well.

1. Introduction

A well-established literature documents the ubiquitous strong association (or ‘‘gradient’’) between different individual measures
of health and socio-economic status (SES), both within and across countries (Strauss and Thomas 1998, 2008, Cutler et al. 2006).
Richer and more educated individuals are on average healthier and live longer lives. Moreover, children of higher-SES parents enjoy
better health and lower mortality rates in rich and poor countries alike. Several key questions in this literature remain unanswered.
We do not fully understand when these gradients emerge, how they evolve over the lifetime, and whether they are malleable—i.e. the
extent to which children that are born and/or grow up in disadvantaged conditions can catch-up in terms of their health outcomes
(Case et al. 2002, Martorell et al. 1994). Most importantly, there is very little work investigating what happens in middle childhood
and early adolescence compared to other life stages, especially with regards to the evolution of nutrition and health inequalities
(Almond et al. 2018, Saavedra and Prentice 2022).

In this paper, we study the relationship between parental SES and child height, and how it evolves from birth into young
adulthood, using high-quality individual-level data from a large number of low and middle income countries (LMICs). We focus on
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height–a summary measure of an individual’s cumulative health and nutrition–as it is an objectively measured and widely-available
health indicator. Height typically correlates both with other objective measures of health such as disease incidence and mortality,
and with economic outcomes in adulthood and across generations (Fogel 1994, Steckel 1995, Strauss and Thomas 1998, see also
Section 2.2 for additional references). We use maternal education as our preferred measure of SES: this indicator is available and
consistently measured in household surveys across many LMICs and cohorts. We view maternal education as reflecting the broad
long-term resources (informational, financial, social, and genetic) that are available to children while growing up. Consistent with
this view, the patterns we document also hold for other measures of SES, such as paternal education or proxies for household wealth.

We offer the first evidence of an inverted U-shaped age profile of the height-SES association during childhood and adolescence.
ES-based differences in height are small at birth, but they become progressively larger during childhood. However, while remaining
ositive, the gradient decreases during the adolescent years, highlighting a degree of height catch-up of low-SES children relative
o high-SES peers. Using a novel empirical model of human growth from early childhood to adulthood, we show that the inverted
-shape can be explained by SES-based differences in the timing of puberty–which typically follows the adolescent growth spurt–as
ell as in the age at which adult height is achieved.

We start our investigation by using data from Demographic and Health Surveys (DHS) on about 1.6 million children under
ive years of age born in 1981–2018 in 73 LMICs. In these data, the cross-sectional association between child height and maternal
chooling is small and insignificant at birth but increases steeply between birth and five years of age, similar to the findings in Aiyar
nd Cummins (2021) who document a growing association between country-level GDP at birth and height-for-age z-scores (that is,
eight normalized relative to a reference standard).3 Although DHS data do not include height for children older than five, most
urveys also record the height of women from the age of 15 onward. For adolescents who have not yet left their parent’s home, it is
ossible to link their height to their mother’s education. In this (potentially selected) sample of adolescents, the association between
eight and maternal education, while still substantively and statistically significant, is much smaller than for children around five
ears of age. This suggests that the gradient increases monotonically until a certain age but then declines.

To better evaluate the age-profile of the height-SES gradient and address potential selection concerns, we then use panel data
rom five LMICs where we can follow individuals from birth until young adulthood. We employ data from two cohorts in Ethiopia,
ndia, Peru and Vietnam from the Young Lives study (YLS hereafter, Barnett et al. 2013), and from the Philippines’ Cebu Longitudinal
ealth and Nutrition Survey (CLHNS, Adair et al. 2010). These data confirm the existence of a consistently positive relationship
etween height and maternal education. As in the DHS data, the strength of the association has an inverted U-shape, increasing
irst but then decreasing in adolescence, with the decline taking place earlier for girls and later for boys. The gap in girls’ height
etween low and high-SES children increases from 1–1.7 cms at age one to 3.4–4.7 cms at age 12, but it declines to 2–2.3 cms at
ge 15 and to 1.4–1.7 cms at age 22, when adult height has presumably been attained. Among boys the pattern is similar, although
he decline in the gradient takes place later, around age 15.

Next, we investigate whether the inverted U-shape of the gradient can be explained by the link between SES and the onset
nd duration of the adolescent growth spurt (AGS), by testing whether low SES children start their AGS later and keep growing
or longer compared with high SES peers. This hypothesis is based on two documented patterns. First, a well-established secular
ecline in the age at menarche among girls has been observed in many countries, which is linked to overall improvements in
ocio-economic conditions and health (Wyshak and Frisch 1982, Hauspie et al. 1996, de Muinck Keizer-Shrama and Mul 2001, de
a Rochebrochard 2000). The same considerations suggest the existence of a cross-sectional negative association between age at
enarche and SES in low-income settings, an association that indeed has been documented in the Philippines (Adair, 2001) and

s confirmed in our data. Low-SES children reach the peak of their AGS when high-SES are already past theirs, allowing them a
egree of height catch-up. Second, it has been observed that children from malnourished populations achieve their adult height at
lder ages (Steckel 1986, Bozzoli et al. 2009). Based on these insights, we propose and estimate a growth model that rationalizes
ifferential profiles of human growth based on SES. The results strongly support this hypothesis.

Like the previous literature on the emergence of the gradient, our evidence is correlational. We do not claim that the patterns
e document are causal. Despite this, our results add to different literatures. First, many studies have investigated the emergence
nd evolution of the SES health gradient, especially in higher-income settings. In a seminal paper, Case et al. (2002) documented
hat, in the United States, the correlation between indicators of general health status and a measure of long-term income originates
n childhood and becomes progressively stronger into adulthood. Similar results have been found for Canada (Currie and Stabile,
003), Australia (Khanam et al., 2009), the Czech Republic (Borga et al., 2021), and in other US data sets (Murasko 2008, Fletcher
nd Wolfe 2014), but not in the UK (West, 1997) or Germany (Reinhold and Jürges, 2012) or in LMICs such as Indonesia and
ietnam (Cameron and Williams 2009, Park 2010, Sepehri and Guliani 2015). Most of this literature, however, has not focused on

he evolution of height differences by SES over childhood, nor on the mechanisms underpinning such correlation. An exception is Li
t al. (2004), who show that growth deficits among low-SES 7-year-old children from the 1958 British birth cohort were reduced
n adulthood, although they did not disappear completely. By contrast, data from two more recent UK cohorts (with children born
n 1992 and 2001) suggest that height inequalities remain unchanged or increase during childhood until age 15 (Howe et al. 2013,
ann et al. 2018). It is unclear why the results differ across cohorts. We are not aware of studies focusing on the evolution of the
eight gradient during early and late adolescence in LMICs.

Our second contribution is a novel methodology to estimate the shape of the growth curve with longitudinal data where height
s only measured at infrequent intervals, such as in YLS or CLHNS. The model links (unobserved) growth velocity at high frequency

3 Note that we estimate gradients at the individual level between a child and their mother, whereas Aiyar and Cummins (2021) look at associations with
2
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to (observed) height measured at low frequency, fitting the typical pattern of growth velocity in humans, which is highly non-linear,
see Tanner et al. (1966, Fig. 8). We approximate this pattern with a piece-wise continuous linear function, where the kinks coincide
with key transitions in growth velocity (such as the beginning of the AGS, or its peak), and may depend on SES. This model can
be estimated using constrained ordinary least squares, with the location of the kinks determined by a simple algorithm in the spirit
of Hansen (2017). Our method differs from alternative non-linear models that have been proposed in the literature, see Preece
and Baines (1978), Sayers et al. (2013), Beath (2007), and Cole et al. (2010). These models typically approximate child growth
using parameterized exponential functions, where the parameters describe features of the growth curves such as the start, peak,
and duration of the adolescent growth spurt. We do not rely on these approaches because they are best suited to model individual
growth patterns with longitudinal data that include height measurements taken with high frequency, which are rare and expensive
to collect. In addition, such models have been validated for the description of height growth velocity around the timing of puberty,
while we are interested in the whole age profile of growth velocity, including the early years and the time when adult height is
achieved.

Our final contribution to the literature is to provide evidence of partial height catch-up between low- and high-SES children
n adolescence. Previous literature has extensively debated whether or not catch-up in height (relative to a reference standard) is
ossible. The potential for catch-up in linear growth retardation after the first 1000 days is widely considered to be limited, although
ost studies do not follow children until adulthood (Martorell et al. 1994, Leroy et al. 2020). The evidence from longitudinal cohorts

n LMICs regarding catch-up growth is mixed (see Campisi et al. 2018 for a review). We show that a degree of height catch-up of
ow-SES towards high-SES children appears to be present, and is associated with the differential timings of pubertal development
nd of achievement of adult height. This is consistent with Martorell et al. (1994)’s view that delayed maturation and a longer
rowth period allows for some catch-up. It is also consistent with recent work documenting that investments in adolescence can
ffect health, human capital, and economic well-being later in life (Akresh et al. 2012, van den Berg et al. 2014, Carneiro et al.
019, Andersen et al. 2021, and Akresh et al. 2023). Our results help explain disparate findings in the literature: we show that
atch-up may occur during adolescence depending on how SES affects the AGS, which may vary across countries and cohorts.

The rest of the paper is organized as follows. Section 2 describes the data; Section 3 describes the results; Section 4 explores
echanisms; and finally, Section 5 concludes.

. Data and measurement

We use data from a large number of surveys that broadly belong to three separate data collection initiatives, that is, DHS, YLS,
nd CLHNS. In this section we provide some details on these data sources, and describe our main variables of interest.

.1. Data

emographic and Health Surveys (DHS). The primary purpose of these cross-sectional household surveys is to provide a detailed
napshot of each country surveyed, with a focus on demography, health, and fertility choices and preferences. Data are typically
ationally representative and comparable across surveys. The primary respondents are women–in some cases only if ever married–

of fertility age’, defined as 15–49. Detailed information is also available for their children under the age of five years, including
easurements on weight and height taken by trained enumerators.4 Several of the more recent surveys also include detailed

information on adult men.
We make use of all data available at the time of writing that contain information on child height. For children under five we

drop less than 0.2% of observations for which height was <30 cms or >1.4 m, that is, very likely measured with error. Table A.1
in the Online Appendix includes a complete list of all the surveys we use together with selected summary statistics on height. We
restrict attention to children with non-missing anthropometric measures and maternal education. Overall, our data include height
measurements for about 1.6 million children born in 1981–2018 from 245 surveys and 73 countries.

Young Lives Study (YLS). YLS is an international longitudinal study of childhood poverty conducted in four countries: Ethiopia,
India (only in the state of Andhra Pradesh, part of which in 2014 was separated into a new state, Telangana), Peru and Vietnam.
While the sample was not designed to be nationally representative (or, in the case of India, state representative), a comparison of
key child outcomes or socio-economic variables to those collected in nationally representative surveys show similar patterns and
variations (Barnett et al., 2013).

The study follows two cohorts of children in each country since 2002, totaling roughly 12,000 children, over 15 years. Children
in the younger cohort were first sampled in 2002 at ages 6–18 months and subsequently surveyed and measured in 2006, 2009,
2013 and 2016, at about 5, 8, 12 and 15 years of age, respectively. The older cohort was around 8 years of age in 2002, and then
about 12, 15, 19 and 22 years old at the following survey rounds of in-person data collection. Attrition in this panel is low, around
10% over 15 years, with some variation across cohorts (younger cohort: 8%; older cohort: 16.5%) and countries (Ethiopia: 14%;
India: 7%; Peru: 14%; Vietnam: 9%). The final analysis sample contains 7195 children for the Younger Cohort, and 2991 children

4 In a small number of cases there is some variation in the target population. For instance, the 2004 Bangladesh DHS interviewed ever-married women
3–49, while in India only children below 4 were included in 1992–93 and only the last two births below three years of age were included in 1998–99. We
3
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for the Older cohort. Panel A in Online Appendix Table A.2 shows summary statistics for these data. We discuss the extent to which
attrition in YLS and CLHNS might affect our findings in the robustness checks section.

Cebu Longitudinal Health and Nutrition Survey (CLHNS). The CLHNS is a panel data set of mothers and children from the
Philippines’ Metropolitan Cebu area originally designed to study how different infant feeding patterns in early life directly affect
various health and socioeconomic outcomes in the lives of the mother, child, and household (Adair et al., 2010). The CLHNS
surveyed–using a clustered design–a cohort of women sampled from both urban and rural communities (or barangays) who gave
birth between May 1983 and April 1984. The baseline survey collected information about the mother’s behaviors during pregnancy,
demographics, socioeconomic status, as well as information on other household members. The initial sample included 3080 non-twin
live births. These children were measured at birth, then regularly at the end of every subsequent two-months period following their
birth up until roughly 2 years of age. The children’s health was assessed again in 1991, 1994, 1998, 2002 and 2005, when they were
roughly 8, 11, 15, 18 and 21 years of age respectively.5 The rate of attrition was higher than in the YLS, at 38% from birth until
2005. Again we limit our sample to children with non-missing maternal education and height measurements in all waves, leaving
a sample of 1686 children. We report selected summary statistics in Panel B of Online Appendix Table A.2.

2.2. Height, SES and other variables of interest

Height. We focus on child height, instead of other commonly used measures of health used in the literature such as self-reported
status, or presence of health conditions. Aside from genetic factors, height is primarily determined by the availability and diversity
of nutrients, and the prevalence of disease (Martorell and Habicht 1986, Tanner 1989, Steckel 1995). Indeed, economic historians
have often used adult height as an indicator of economic or human development (Fogel 1994, Steckel 1995, 2009).

As a health indicator, height has multiple advantages. First, it is relatively easy to measure objectively, and does not suffer
from reporting biases. Second, height is a widely available health indicator for both children and adults in LMICs, and it is easily
comparable across all age groups. Third, height is a good measure of overall health, and it correlates with other objective measures of
health, such as disease incidence and mortality (Fogel 1994, Steckel 1995, 2009, Perkins et al. 2016). Fourth, height is an important
predictor of economic outcomes. On average, taller individuals have more human capital and earn higher wages, an association
that is likely mediated by several determinants, including physical strength (Haddad and Bouis 1991, Strauss and Thomas 1998),
social factors (Persico et al., 2004), occupational choices (Vogl, 2014) and cognitive ability (Case and Paxson, 2008). In addition,
transmission of low height from parents (especially mothers) to their children has been identified as one of the drivers of substantial
persistence in SES inequalities in human capital across generations in both high- and low-income settings (Ramakrishnan et al. 1999,
Osmani and Sen 2003, Kozuki et al. 2015, Behrman et al. 2017).

Since height measured in centimeters is our primary outcome of interest, the sex and age-specific SES gradients we estimate
should be interpreted as average differences (in cms) between children from high- vs low-SES families. In the literature, there are
two alternative measures of height performance: height-for-age ‘z-scores’ (HAZ) and height-for-age deviations (HAD).

HAZ standardizes individual height relative to growth charts from a reference population of healthy children: it is computed
as height minus the median height in the reference population of the same age and sex, divided by the corresponding standard
deviation. Such charts were first developed in the United States by the National Center for Health Statistics (NCHS) and the Center
for Disease Control and prevention, and were adopted by the World Health Organization (WHO) and as such have been widely used
internationally (CDC-WHO77 charts hereafter, see Waterlow et al. 1977, World Health Organization 1978). The WHO subsequently
created new charts for children below the age of five using data from several countries worldwide (WHO2006 hereafter, see WHO
Multicentre Growth Reference Study Group and de Onis 2006), and then adapted the CDC-WHO77 standards for children 5–19 to
ensure a smooth transition around age 5 with the WHO2006 charts, as described in de Onis et al. (2007). New charts have also
been introduced for the United States by the CDC for ages up to 20 years (CDC2000, see Kuczmarski et al. 2000).

We prefer employing raw height in our estimates given that our focus is on how the gap between high- and low-SES children in
height evolves with age, rather than on how the performance of high- vs. low-SES children changes with age relative to a reference
population. In addition, HAZ is by construction normalized relative to the standard deviation of height in the reference population,
and this standard deviation increases with age. This implies that for a constant difference in raw height between high- and low-SES
children, the gap in HAZ will decline with age due to the increase in the denominator (Leroy et al., 2015). By contrast, the use of
height in cms as dependent variable allows us to interpret a reduction in the gradient at later ages as a reduction in the height
difference between high and low SES children, rather than a reduction possibly driven by a change in the standardization, as would
be the case with HAZ.

Nevertheless, we check the robustness of our results by using z-scores for children. In DHS, we use the CDC-WHO77 charts or,
whenever available, the more recent WHO2006 reference charts.6 For the younger cohort of YLS and CLHNS, we also rely on the
WHO2006 reference standards for under-5 children, while for children aged 5–19 years we use CDC-WHO77 standards adapted to
ensure a smooth transition around age 5, as described in de Onis et al. (2007). For the older cohort, we used the CDC2000 standards
as these provide a reference for children up to 20 years, but the results are similar if we use the same standards as for the younger
cohort. We use references for 20-year-olds for individuals older than this age.

5 Two more surveys were conducted in 2007 and 2009, but children’s heights were not measured, and so data from these rounds are not used in this paper.
6 Table A.1 in the Online Appendix shows that a large fraction of children in the countries we study are shorter than children in the reference populations,

eading to high prevalence of stunting, see also Ssentongo et al. (2021).
4
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An alternative measure of height performance is height-for-age deviations (HAD), calculated as the difference between the height
f a child and median height for children of the same age and sex in a reference population. That is, HAD is the numerator of HAZ,
nd is thus not affected by the increase in the standard deviation of height in the reference population as children grow old (Leroy
t al., 2015). Note that all our estimates are age- and sex-specific, and thus would remain numerically identical if we replaced
eight with HAD, given that in each regression using the latter would be equivalent to subtracting a constant from height, see
nline Appendix A.1 for a formal argument.

Our choice of height in cms as dependent variable also implies that our assessment of ‘catch-up’ describes whether the gap in
aw height between high- and low-SES children shrinks beyond a certain age. This stands in contrast to an alternative definition of
atch-up which compares the performance of stunted to those of well-fed populations.7

Maternal Schooling. Maternal education, as reported by the mother herself in all surveys, is our main proxy for SES. Measuring
SES inequalities in health outcomes is challenging because of the conceptual difficulties of capturing the complexity of SES, a
theoretical construct of socioeconomic hierarchies within societies (Conway et al., 2019). Individual measures of income, education,
and occupational social class are commonly used SES indicators. In our context, we argue that maternal education is a meaningful
proxy for SES. In LMICs, a large share of employment is concentrated in the agricultural and informal sectors, where occupations
vary little and may not reflect a family’s status in their community. Similarly, consumption and income measures are not always
available and can be difficult to measure (Deaton and Grosh, 2000).

While maternal education is a coarse measure, it is a simple and fairly comparable measure across years and countries, and it is
assessed in all our data sources which, in contrast, do not include consistent measures of income or consumption. Maternal education
is significantly correlated with other measures of resources or SES in surveys where different indicators are available. For instance,
in the YLS data, the correlation of maternal education with total real per capita consumption expenditure is 0.2 (𝑝 < 0.001). This
correlation is even stronger (0.47, 𝑝 < 0.001) with a wealth index constructed as a composite indicator of asset ownership, access
to services, and housing quality. In the DHS surveys that include a wealth index–constructed with principal components methods
from information on asset ownership–the correlation between the index and maternal schooling ranges between 0.22 and 0.30.

Maternal education is a well-known correlate of child health (Caldwell 1986, Heath and Jayachandran 2017) and although we
reiterate that we see our results as primarily descriptive, some studies in LMICs do find support for the notion that this association
can be causal (e.g. Grépin and Bharadwaj 2015 or Andriano and Monden 2019). In addition to being a proxy for household resources,
maternal schooling is also typically correlated to the returns to those resources: ceteris paribus, better educated mothers may have an
advantage when making choices for their children in terms of nutrition and health care (e.g. Andriano and Monden 2019). A large
literature also associates maternal education with women’s increased ability to control household resources in a way that can be
beneficial to children (see Thomas 1990 for an early contribution). Further, maternal schooling will typically be correlated not only
to child height (the focus of this paper) but also to the height of the mother herself, driven by both genetic factors and investments
made by her own parents. Given these considerations, we see maternal education as a proxy for the broad set of the resources–social,
informational, economic, and genetic–available to the child.

We measure maternal education by constructing an indicator of whether the mother has completed at least secondary school.
DHS measures both completed schooling and the number of years of schooling for each household member, so we define SES as a
binary variable = 1 if the mother completed at least secondary schooling, and zero otherwise. In contrast, YLS only records the last
grade completed, and CLHNS records the number of years completed in the most recent schooling level (i.e. three years of primary,
four years of secondary, etc.). We use these variables to construct a SES indicator comparable to DHS, based on the number of years
of schooling that each country requires for graduation from high school. In YLS, the binary variable for secondary education is thus
set = 1 when the mother has completed a minimum of 10 years of schooling in Ethiopia, 12 in India, 11 in Peru, and 9 in Vietnam.
In CLHNS, the dummy is = 1 if the mother has completed at least four years of secondary school at the time of the first survey wave.
About 19, 18 and 23 percent of women have completed at least secondary education in the DHS, YLS and CLHNS respectively. In
robustness checks, we show that results remain qualitatively similar if we use alternative measures, such as the number of years
of education completed by the mother, a dummy indicator of whether the mother has completed primary education, or paternal
schooling.

Alternative measures of SES. As noted above, there are no consistent measures of income or consumption in our surveys, except in
YLS, where household consumption expenditures are collected between Rounds 2 and 5 for the Younger Cohort only. An alternative
measure of material well-being is a wealth index, which is often constructed by aggregating data on asset ownership and availability
of services such as electricity, improved toilets, and so on. A higher score in the wealth index should reflect greater household
wealth (Filmer and Pritchett, 2001). The DHS and YLS do include a wealth index, while we construct a similar indicator for the
CLHNS dataset. In the DHS, an asset index is calculated in each survey as the first principal component from a list of asset ownership
indicators.8 The list of assets is not identical across all surveys, so the resulting measures are not directly comparable between
countries and, in the case of DHS, even within country over time. In YLS, the wealth index is constructed by aggregating data on

7 Hirvonen (2014) refer to this kind of catch-up as within population convergence, as opposed to between population convergence. The latter would be
measured by an increase in HAZ, due to height velocity that is above that expected (based on growth patterns in a reference population) given child age and
sex, and occurring after a period of growth retardation, see also Anand et al. (2018) for further discussion. An alternative approach interprets catch-up as the
ability to reach a predetermined height regardless of past growth, see for instance Hoddinott and Kinsey (2001) and Alderman et al. (2006).

8 For details on the construction of these ‘standard of living’ indexes in each survey see https://dhsprogram.com/topics/wealth-index/Wealth-Index-
5

Construction.cfm.

https://dhsprogram.com/topics/wealth-index/Wealth-Index-Construction.cfm
https://dhsprogram.com/topics/wealth-index/Wealth-Index-Construction.cfm
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household access to services (e.g. electricity, water, sanitation, and so on), ownership of durable assets, and measures of housing
quality. These three dimensions are aggregated through a simple average. Country-specific assets were included to reflect local
contexts and better discriminate across levels of wealth in different countries (Briones, 2017). Similarly, in CLHNS, the wealth
index is constructed by using data on household access to services, durable assets, and housing quality. We use principal component
analysis to derive the wealth index in the style of Filmer and Pritchett (2001). Given these differences in the way the wealth index
is computed across data sets, we use an indicator of whether the household is in the top quintile of the wealth index distribution
within each country and survey. For the DHS, the indicator is based on the contemporaneous wealth index. For the longitudinal
data, we rely on the wealth index at birth (CLHNS) or at age 1 (YLS), as in CHLNS assets were only measured at birth.

Other data We use self-reported information on age at menarche (the first occurrence of menstruation) from the longitudinal surveys
nd from four countries covered by DHS: Gabon (2000), Ghana (1998), India (2015–16), and Turkey (2013). Online Appendix A.2
as more details on why data limitations in the DHS only allow us to focus on these countries, and on how we construct the samples
or the analysis of age at menarche. Lastly, we use information in the YLS on behaviors during adolescence. Specifically we look
t whether adolescents marry or have children, whether they sleep enough, work a lot, have a diverse diet, or undertake risky
ehaviors (drinking and smoking). Online Appendix A.3 has more details on how we construct these variables.

. Empirical approach and results

We start by documenting the key empirical pattern motivating our analysis: the steep rise of SES gradients during childhood and
heir subsequent decline around puberty in low- and middle-income countries. We first show the results using cross-sectional data
rom DHS, before moving to longitudinal data from YLS and CLHNS.

.1. Empirical strategy

For children of sex 𝑠 and 𝑎 months of age, we estimate the following equation:

ℎ𝑒𝑖𝑔ℎ𝑡𝑖𝑠𝑎𝑐𝑦 = 𝛼𝑎𝑠 + 𝛽𝑎𝑠 ×𝑀𝑜𝑚𝐸𝑑𝑖𝑠𝑎𝑐𝑦 + 𝛾1𝑠𝑎𝑐 + 𝛾2𝑠𝑎𝑦 + 𝑒𝑖𝑠𝑎𝑐𝑦, (1)

where ℎ𝑒𝑖𝑔ℎ𝑡𝑖𝑠𝑎𝑐𝑦 is the height in centimeters of a child measured in year 𝑦 in country 𝑐, and 𝑀𝑜𝑚𝐸𝑑𝑖𝑠𝑎𝑐𝑦 is an indicator equal to
one if the mother of that child completed at least secondary education. We include dummy variables for each country (𝛾1𝑠𝑎𝑐 ), and
(when we use DHS data) for each survey year (𝛾2𝑠𝑎𝑦).9 Given that our results are primarily descriptive and not causal, we do not
include additional controls. The standard errors are clustered at the level of the survey-specific primary stage unit.

The coefficient of interest is 𝛽𝑎𝑠, which captures the SES gradient at a given age 𝑎, estimated as the difference in height between
children whose mothers have at least secondary education and those whose mothers do not. Of course, while these associations are
interesting, they should not be interpreted as causal, given that maternal schooling is typically correlated with numerous predictors
of child height.

3.2. Cross-sectional results for children under 5 from the DHS

Before turning to the regression results, we show how the non-parametric relationship between years of schooling and height
changes with age measured in years. Fig. 1 presents age-specific associations between the average height of boys and girls and
maternal schooling. The categorical variable for maternal schooling distinguishes between no education, incomplete primary,
complete primary, incomplete secondary, complete secondary, and higher. The figure shows two salient patterns. First, for both
genders there is a clear positive association between average height and maternal schooling. Second, the line is almost flat at age 1,
but it rotates counterclockwise (that is, it becomes steeper) as children grow older, indicating that the association becomes stronger
with age, similar to the patterns documented by Case et al. (2002).

We confirm these patterns by estimating the model in Eq. (1) for age measured in months. Fig. 2 plots the point estimates of the
gradient together with 95% confidence intervals. The results are very similar between genders, with the gradient increasing almost
monotonically with age. At birth the slope is small (less than 1 cm) and either not or barely statistically significant. But one-year-old
children of mothers with secondary education are already more than 1 cm taller than those of mothers with less schooling (95%
C.I. [1.18, 1.72] for boys and [0.91, 1.42] for girls). The gap increases to more than 2 cms at age 2 (95% C.I. [1.71, 2.29] for boys
and [2.03, 2.66] for girls), and to almost 3 cms at age 3 (95% C.I. [2.49, 3.16] for boys and [2.36, 3.03] for girls). The gradient
flattens out thereafter, especially for girls, though the slopes are estimated less precisely.10

The pattern of gradients increasing with age in the DHS is also observed within countries. In Fig. 3, we show box plots of age and
gender-specific coefficients estimated separately for each country. Instead of confidence intervals as in Fig. 2, the graphs describe the
distribution of the 73 country-level coefficients estimated for each age and gender. The diamonds show the median coefficients while

9 In the longitudinal data all children were measured during a short period of time in each survey wave, and so age and year of measurement are approximately
ollinear.
10 The results also remain very similar if we use the sampling weights included in the surveys. This is true regardless of whether we use the weights as is in

he data (variable v005), or if we use de-normalized weights to take into account the relative size of different countries (see ICF International 2012). We show
6

he corresponding results in Online Appendix Figures A.2 and A.2.
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Fig. 1. DHS: SES Gradient by Child Age .
Source: Authors’ calculations from DHS data. For each age interval, each line shows the relationship between average height and maternal
schooling. Sample size 𝑛 = 1, 570, 217.

the darker central sections of the vertical lines plot the inter-quartile ranges. The broader thinner lines show the whole variation
excluding outliers, which are shown separately. The pattern of these box plots is similar to that of the estimated OLS slopes, and it
also shows that the variation in coefficients increases with age. The median gradients start close to zero but then steadily increase
until they reach about 4 cms by age 5.

3.3. Results for adolescents in the DHS

We now investigate if the gradients continue to increase after age 5. Ideally, we would have height measured for all children
and adults in the surveys. However, the DHS only measure heights for children under 5, and for women (in most surveys) and men
(in some surveys) between 15 and 49 years old. In principle, this allows the analysis of the age profile of the gradient at age 15
or higher. In practice, this is only possible for very young individuals, because parental education is only recorded if the individual
still resides with the parents. In addition, several DHS surveys do not include identifiers to link individual to parental information
7
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Fig. 2. DHS: Child height vs. Maternal education .
Source: Authors’ calculations from DHS data. For each age (in months) the figure shows the point estimate and a 95% confidence interval of
the slope of a regression, estimated with OLS, of child height (in cms) on a dummy variable equal to one if the mother has completed at least
secondary education, and with country and survey year fixed effects. All estimates do not use sampling weights, and the confidence intervals are
calculated allowing for correlation of residuals within each survey primary stage unit. Total sample size is 𝑛 = 1, 570, 217.

Table 1
Height vs. maternal schooling, DHS, Girls and Boys 0–4 and 15–17.
Source: Authors’ calculations from DHS data.

Age (years)

0 1 2 3 4 15 16 17

Girls

Mother at least secondary 1.22 2.11 2.96 3.29 3.25 2.48 2.3 2.16
(s.e.) (0.162) (0.139) (0.223) (0.242) (0.313) (0.106) (0.106) (0.11)

𝑅2 0.015 0.048 0.069 0.082 0.087 0.157 0.177 0.192
Obs. 169,171 164,390 156,460 145,430 134,869 54,531 51,199 43,246
Mean dependent variable 63.1 75.5 84 91.6 98.5 152.7 153.6 154
% maternal education missing 0.04 0.05 0.05 0.02 0.02 0.26 0.30 0.37

Boys

Mother at least secondary 1.11 2.05 2.8 3.22 3.33 0.68 2.11 2.58
(s.e.) (0.191) (0.136) (0.188) (0.267) (0.286) (1.333) (0.589) (0.335)

𝑅2 0.015 0.049 0.070 0.083 0.089 0.111 0.077 0.105
Obs. 175,045 171,416 161,934 150,703 140,799 9,940 9,780 8,124
Mean dependent variable 64.4 76.7 85 92.4 99.3 159.9 162.4 164.5
% maternal education missing 0.04 0.04 0.04 0.02 0.02 0.25 0.29 0.36

Notes: For each age (in years) the table reports estimates and standard errors of the slope of a regression, estimated with OLS, of height (in cms) on a dummy
variable equal to one if the mother has completed at least secondary education. Regressions for children under five include all children of a given age (in
years) born of women of fertility age in the sample. Regressions for 15 to 17-year old boys and girls only include individuals who are still co-residing with
their mother, and for whom maternal schooling can be identified through unique individual identifiers in the data, see text for additional details. All regressions
include country FE and do not use sampling weights. Standard errors are calculated allowing for correlation of residuals within each survey primary stage unit.

(except for children under five), and those that do almost exclusively do it for boys and girls younger than 18. This generates an
obvious selection problem. Selection, however, is not too severe among the youngest individuals, the large majority of which are
still co-resident.11

With these caveats in mind, in Table 1 we show the coefficients for maternal education for adolescents 15, 16 and 17 years
old, separately by gender. For reference, we also report estimates for children under five, estimated using the same sample used

11 In DHS surveys where young women and men can be linked to their mother (which is only possible in case of co-residency), maternal education is missing
8

or 26%–36% of observations. Among older individuals, maternal education is available for less than 10% of observations.



Journal of Health Economics 91 (2023) 102797E. Aurino et al.
Fig. 3. DHS: Child height vs. Maternal education .
Source: Authors’ calculations from DHS data. For each age (in months) the figure shows a box plot of the estimated country-specific OLS slopes
of regressions, estimated with OLS, of child height (in cm) on a dummy variable equal to one if the mother has completed at least secondary
education. All estimates do not use sampling weights. If more than one DHS was completed for a given country all observations were pooled
together.

in Fig. 2, but measuring age in years rather than months. When we look at teenagers, all but one of the estimated gradients are
large and very precisely estimated, with magnitudes above 2–2.5 cm among both boys and girls (and standard errors around 0.1
for girls and 0.3 for boys). The only exception is the coefficient for 15-year old boys, where the slope is 0.7 and not significant
at standard levels. This result is apparently driven by the very low prevalence of high-SES mothers in this sub-sample (only 37 of
9
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9,940), which generates very noisy estimates. With this exception, the age profile is fairly flat among both boys and girls. Most
interestingly, the estimated slopes are smaller than the corresponding coefficients for children age 4, suggesting a decline in the
gradient in adolescence.12

3.4. Evidence from panel data

Given the potential selection bias in the DHS adolescent sample, we now use longitudinal data to investigate whether the decline
in the gradients during adolescence persists when we follow the same children over time. While the longitudinal data allow us to
track individual growth over time, they force us to focus on a limited number of LMICs for which such data are available, and on
a limited number of birth cohorts.13

Tables 2 and 3 report estimates of the gradient by age using data from YLS (Ethiopia, India, Peru and Vietnam) and CLHNS (the
Philippines), for girls and boys, respectively. Panels A.1 and A.2 show estimates for YLS, respectively at around ages 1, 5, 8, 12
and 15 years for the younger cohort, and 8, 12, 15, 19 and 22 years for the older cohort. The regression includes country dummies
(as in model (1)) but not year dummies, given that all measurements were taken in a short period of time. To account for the fact
that children were interviewed at slightly different ages in each wave, we also include dummies for age in months. For illustrative
purposes we also show the estimated slopes and the corresponding 95% confidence intervals using bar graphs in Fig. 4.

Consistent with the results using DHS data, the patterns in the YLS show that the gradient has an inverted U-shape with age. In
the younger cohort the gradient increases from 1.6 cm (about 2% of the average height) to 3.6 cm (about 3.4% of average height)
between age one and five for children. The gradient then continues to increase until 12 years of age reaching around 5 cm for both
boys and girls, something that we could not document in the DHS due to the lack of height measurements in this age range. We
also observe a sudden and substantial drop from 4.7 cm at 12 years to 2.3 cm at 15 years for girls, while the coefficient remains
relatively stable for younger cohort boys.

A similar pattern is also apparent in the older cohort, where the slope of the gradient increases monotonically between 8 and
12 years for both genders, but then declines from 3.4 to 2 cm for girls between 12 and 15 years and keeps decreasing reaching
1.4 cm at age 22.14 By contrast, the gradient continues to grow among boys until age 15 and declines thereafter, with the coefficient
moving from 5.1 cm to 3.1 cm between 15 and 19 years, and then declining further to 2.7 cm at age 22.15 For both cohorts, all
slopes are estimated precisely, with standard errors in the 0.2–0.6 range, and all are statistically significant at the 1 percent level.
Estimates are similar but less precise if we estimate the regressions separately by country.

The same pattern of inverted-U shapes is also evident in the CLHNS data from the Philippines, as shown in Panel B of Tables 2
and 3. In this sample, there is a monotonic increase in the SES-gradient up to age 11 for both boys and girls, followed by a decline
for girls from 3.8 cm at 11 years to 2.1 cm at 15 years and from 3.9 cm at 15 years of age to 2.7 cm at 18 years for boys. By age
21, when the large majority of individuals have reached their adult height, the gradient is about 100 percent larger for boys as
compared to girls but still significant for both.16

For both genders, the gradient at age 21, while still large, is substantially smaller than at the onset of adolescence, when it
reaches its peak. Given that girls, on average, reach sexual maturity earlier than boys–in LMICs, pubertal development occurs on
average at age 13.5–15.5 among girls and about 2 years later among boys (Thomas et al., 2001)–these results suggest that the timing
of the inversion of the age profile of the gradient takes place around puberty. The results also suggest that the rise and fall of the
gradient varies across time and space, which would be consistent with the observed variation in the onset of puberty, a point to
which we return later in the paper.

Fig. 5 summarizes our main findings across the various data sets. The figure plots all the estimated gradients by age, together
with fitted values from regressions of the point estimates on a quadratic in age, or using a more flexible Fractional polynomial. The
age profile follows an inverted U-shape peaking earlier among girls than boys. By adulthood there are still positive differences in
height by SES for both males and females, but the difference is larger among males.

3.5. Robustness checks

In this sub-section we discuss a number of robustness checks, including alternative measures of SES or height performance, the
possible role of maternal height in explaining the gradients, and the extent and nature of attrition in the longitudinal data.

12 These comparisons are further complicated by the fact that not all DHS have data on adult heights, so comparisons between age groups may, in fact, be
riven by differences in the countries or cohorts represented in each survey. However, the age profiles for children under 5 remain very similar if we only include
bservations from DHS where height was recorded for children as well as adults of both genders (results not shown). Perhaps more importantly, comparisons in
he gradients between children 0–5 and adolescents are complicated by the cross sectional nature of these estimates. This implies that composition effects could
n principle explain the differences in the findings.
13 We did not use other existing longitudinal data sets either because of small sample size or because the data are not made publicly available.
14 Note that one should not expect the gradients in Panels A and B to be identical conditional on age, given that the same age is reached in different years

or the two cohorts. For instance, children in the young cohort were about 8 in 2009, while those in the older cohort were this age at the time of their first
easurement, in 2002.
15 Given that maternal education is time invariant, the slope in these regressions should not change once the child has achieved adult height, as long as
eight is measured consistently and the sample itself does not change due to attrition. However, in LMICs adult height is often achieved after age 20.
16 This larger gradient for boys is consistent with evidence suggesting that mortality among males is higher than for females during crises or conditions of
xtreme hardship, underlying a potential higher sensitivity of males–especially infant boys–to environmental inputs, see e.g. Drevenstedt et al. (2008) and Zarulli
t al. (2018).
10
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Fig. 4. YLS and CLHNS, age profile of SES gradient.
Notes: The figure displays visually estimates from Tables 2 and 3. Each bar shows the point estimate and the 95% confidence interval of an age and sex-specific
OLS regression of height (in cms) on a dummy variable equal to one if the mother has completed at least secondary education. All estimates do not use sampling
weights and include dummies for country and age in months. Standard errors are clustered at the level of primary stage unit of residence in the first wave
(‘sentinel site’ in YLS and barangay–district or village–in CLHNS).
ource: Authors’ calculations from Young Lives and Cebu Longitudinal Health and Nutrition Survey.

.5.1. Alternative measures of SES
So far, our analyses used a dummy for whether the mother completed secondary schooling as a proxy for SES, but the results

re very similar if we use maternal years of education (see Online Appendix Figure A.3 for the DHS data for children under 5, and
igure A.10 for the longitudinal data) or if we use a dummy for having completed at least primary schooling (Online Appendix
igure A.4 and A.11). The results also remain similar if we use paternal education (Online Appendix Figures A.5 and A.12, although
his variable is more frequently missing.

We also estimate model (1) using an indicator of material well-being as the measure of SES. Given that we do not have consistent
easures of income or consumption for all surveys, we use a binary variable equal to one if the child lives in a household with

n asset index in the top quintile of its survey-specific distribution. Figures A.6 and A.13 show that once again the results are
ualitatively similar, with gradients that increase with age until puberty and then start declining (with sharper declines for girls by
he time they turn 15), while remaining positive for young adults.17

.5.2. Alternative measures of height performance
The increase in the gradient with age is not a mechanical product of the increased scale of the dependent variable (height) when

ge increases.18 In fact, the patterns remain similar if we use the logarithm of height as the dependent variable, in which case the
lope can be interpreted as the predicted proportional change in height associated with having a mother with at least secondary

17 Wealth is measured in early childhood in the longitudinal studies, while it is contemporaneous in DHS (see Section 2). However, in YLS, where wealth
nformation was collected in all rounds, results are qualitatively similar if we use a dummy for being in the top wealth quintile in each country- and round-specific
ealth distribution.
18 In a simple univariate OLS regression, if the scale of the dependent variable increases the slope will increase even if the correlation between the dependent
11

ariable and the regressor stays the same, as long as the standard deviation of the regressor does not change.
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Fig. 5. All estimates.
Notes: The figure displays visually estimates the point estimates from Tables 1–3. Also shown are fitted values from regressions of the point estimates on a
quadratic in age (‘‘Quadratic fit’’) or using a more flexible Fractional polynomial.
Source: Authors’ calculations from DHS, Young Lives and Cebu Longitudinal Health and Nutrition Survey.

schooling. In DHS data the gradient flattens out after age 3 (see Figure A.7 in the Online Appendix), but the inverted U-shape is
still clearly visible when we use longitudinal data (Figure A.14).

The patterns remain similar, with some differences that we describe below, when we use HAZ instead of raw height as the
dependent variable. In Online Appendix Figure A.8 we show that the patterns for children under five remain similar to those for
log-height, with the gradient steeply increasing and then becoming stable, even somewhat declining, after age 2–3. These results
are consistent with the well-known and typical age profile in LMICs of child height-for-age z-scores, which decline with age until
about two years of age, and somewhat stabilize after that, see Shrimpton et al. (2001): sub-optimal growth conditions generate a
growth gap relative to the reference population that accumulates over time, especially during the first two years of life. A similar
age profile has also been shown for the association between HAZ and GDP at birth, see Aiyar and Cummins (2021). When we look at
longitudinal data (Online Appendix Figure A.15), we see that the use of z-scores lead to less pronounced inverted U-shaped patterns,
especially for the younger cohort in YLS, and for boys in CLHNS.19

3.5.3. Controlling for maternal height
Although our results should be interpreted as primarily descriptive rather than causal, it is interesting to see whether the age

profile of the SES gradients remain similar if we control for maternal height. Better educated mothers, in addition to having
taller children, are also likely to be themselves taller. This means that the gradient may be partly explained by intergenerational
transmission of health, also due to genetic factors. Although the point estimates decline in magnitude somewhat, the estimated
patterns remain very similar when we control for maternal height in DHS data (Online Appendix Figure A.9) or in the longitudinal
data (Online Appendix Tables A.3 and A.4). This is despite the fact that, as expected, maternal height is a very strong predictor of
child height.

3.5.4. Attrition
A potential concern with the panel results is attrition. Our results are derived from a balanced panel of individuals that have

observations in all waves (around 90% of the original data in YLS, and 62% in CLHNS). This sample may not be representative of
the original sample. Furthermore, attrition may bias our estimates if its extent and timing are correlated with SES.

19 In this latter case the gradient actually declines fairly steadily as children grow into adults. As noted earlier, the results using z-scores depend on the
reference population used. This normalization can cause z-scores to behave differently from gaps, particularly due to the increases in the standard deviation of
the height distribution as individuals age. Understanding why the use of z-scores leads to different results in some settings is beyond the scope of this paper but
has been noted before (Wang et al. 2006, Wang and Chen 2012, Tarozzi 2008).
12
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Table 2
Girl height vs. maternal schooling, YLS and CLHNS.
Source: Authors’ calculations from Young Lives and Cebu Longitudinal Health and Nutrition Survey.

(1) (2) (3) (4) (5) (6) (7)

Panel A.1 Young Lives: Younger Cohort

Age 1y Age 5y Age 8y Age 12y Age 15y

Mother at least secondary 1.701*** 3.554*** 4.195*** 4.727*** 2.333***
[0.2266] [0.4137] [0.4429] [0.6214] [0.3135]

Observations 3,433 3,433 3,433 3,433 3,433
R-squared 0.4483 0.2260 0.1399 0.1289 0.0941
Mean height 70.84 103.8 120 143 153.6

Panel A.2 Young Lives: Older Cohort

Age 8y Age 12y Age 15y Age 19y Age 22y

Mother at least secondary 2.480*** 3.356*** 2.035*** 1.454*** 1.374***
[0.4869] [0.6130] [0.4016] [0.4123] [0.3769]

Observations 1,494 1,494 1,494 1,494 1,494
R-squared 0.0758 0.0687 0.0872 0.1276 0.1971
Mean height 117.9 142.1 151.7 154.6 155.3

Panel B CLHNS

Age 1y Age 8y Age 11y Age 15y Age 18y Age 21y

Mother at least secondary 1.083*** 3.282*** 3.844*** 2.095*** 1.500*** 1.655***
(0.208) (0.437) (0.637) (0.369) (0.346) (0.321)

Observations 677 677 677 677 677 677
R-squared 0.033 0.058 0.119 0.057 0.037 0.030
Mean height 69.99 117.6 135.2 149.1 151 151.3

Notes: This table presents OLS regression estimates of girl height (in cms) on a dummy variable equal to one if the mother has completed at least secondary
education. All estimates do not use sampling weights and include dummies for country and age in months. Standard errors are clustered at the level of primary
stage unit of residence in the first wave (‘sentinel site’ in YLS and barangay–district or village–in CLHNS). In YLS, secondary education is set = 1 when the
mother has completed a number of years of schooling corresponding to the country-specific typical requirement, that is, 10 in Ethiopia, 12 in India, 11 in Peru
and 9 in Vietnam. In CLHNS it is = 1 if the mother has completed at least 4 years of secondary school at the time of the first survey wave. Results in Panel A
are estimated pooling all observations for girls from Ethiopia, India, Peru and Vietnam, for the Younger Cohort (born 2001/02, Panel A.1) and the Older Cohort
(born 1994/95, Panel A.2).

To investigate these issues, we start by noting that, in both datasets, maternal education is not predictive of attrition (Online
Appendix Table A.5). While this alleviates concerns, it may still be that the patterns we observe and in particular the decline in
the gradient in adolescence might be driven by differential attrition by SES during adolescence. For example if tall (short) children
from high (low) SES families leave the sample in adolescence, then the height gap between high and low SES could shrink. To test
this we investigate if height predicts attrition at each wave, and whether it does so differently by SES (see Online Appendix Table
A.6). In the YLS, height predicts attrition between age 1 and 5 for low SES children but not for high SES children in the younger
cohort. Since tall low SES children are less likely to drop out, the gap between high and low SES children is underestimated. We
also observe that taller children from high SES families are more likely to drop out between ages 8 and 12, and thus gradients are
underestimated at this age. Most importantly, however, we do not observe statistically significant differences in attrition by SES
from age 12 onward. Thus, the decline in the gaps in adolescence cannot be explained by differential attrition. In CHLNS data we
also observe differential attrition in early childhood, but not during adolescence. These results suggest that attrition may bias the
gradients during childhood but not in adolescence. As a final check, we re-estimate the SES gradient by age using all observations
in all waves. The results remain remarkably similar (Online Appendix Tables A.7 and A.8). Thus, while attrition affects the exact
magnitude of the gradient at some ages, it does not appear to drive the overall evolution of the height gradient in the panel data.
Most importantly, we do not find evidence to suggest that the decline of the gradient in adolescence is due to attrition.

4. Why does the gradient decline in adolescence?

Our primary hypotheses to explain why the gradient falls in adolescence relates to the physiology of human growth: if high-SES
children have an earlier adolescent growth spurt and stop growing earlier, then low-SES children may catch-up to some extent. In
this section we show that our data are strongly consistent with this hypothesis. Below we also describe alternative explanations
based on the idea that behavior of taller adolescents may be different from that of their shorter peers, in ways that differ by SES.
However, we do not find support for this hypothesis and so we relegate the corresponding results to the Online Appendix.

4.1. Pubertal maturation, SES and the age profile of the gradient

Our hypothesis is that the increasing and then decreasing association between height and maternal education may be explained
by the physiology of human growth, and SES-based variation in the timing and duration of such growth. Among girls, it is well
13
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Table 3
Boy height vs. maternal schooling, YLS and CLHNS.
Source: Authors’ calculations from Young Lives and Cebu Longitudinal Health and Nutrition Survey.

(1) (2) (3) (4) (5) (6) (7)

Panel A.1 Young Lives: Younger Cohort

Age 1y Age 5y Age 8y Age 12y Age 15y

Mother at least secondary 1.558*** 3.614*** 4.002*** 5.281*** 4.744***
[0.2664] [0.4195] [0.5316] [0.6808] [0.5107]

Observations 3,762 3,762 3,762 3,762 3,762
R-squared 0.4247 0.2235 0.1427 0.1582 0.1522
Mean height 72.27 104.6 120.3 140.9 159

Panel A.2 Young Lives: Older Cohort

Age 8y Age 12y Age 15y Age 19y Age 22y

Mother at least secondary 3.638*** 4.778*** 5.111*** 3.182*** 2.771***
[0.4526] [0.5961] [0.5342] [0.3900] [0.3530]

Observations 1,497 1,497 1,497 1,497 1,497
R-squared 0.0950 0.1132 0.0992 0.1137 0.1323
Mean height 118.5 140 156.4 166.5 167.6

Panel B CLHNS

Age 1y Age 8y Age 11y Age 15y Age 18y Age 21y

Mother at least secondary 1.703*** 3.443*** 4.110*** 3.899*** 2.658*** 2.579***
(0.179) (0.559) (0.698) (0.603) (0.536) (0.565)

Observations 748 748 748 748 748 748
R-squared 0.069 0.073 0.175 0.125 0.067 0.062
Mean height 71.46 117.6 132.1 158.1 162.3 162.8

Notes: This table presents OLS regression estimates of boy height (in cms) on a dummy variable equal to one if the mother has completed at least secondary
education. All estimates do not use sampling weights and include dummies for country and age in months. Standard errors are clustered at the level of primary
stage unit of residence in the first wave (‘sentinel site’ in YLS and barangay–district or village–in CLHNS). In YLS, secondary education is set = 1 when the
mother has completed a number of years of schooling corresponding to the country-specific typical requirement, that is, 10 in Ethiopia, 12 in India, 11 in Peru
and 9 in Vietnam. In CLHNS it is = 1 if the mother has completed at least 4 years of secondary school at the time of the first survey wave. Results in Panel A
are estimated pooling all observations for boys from Ethiopia, India, Peru and Vietnam, for the Younger Cohort (born 2001/02, Panel A.1) and the Older Cohort
(born 1994/95, Panel A.2).

known that the adolescent growth spurt precedes menarche–the onset of menstruation–by about one year, and that growth stops
within the following year or two (Gluckman et al., 2016). If the growth spurt varies with SES, with high-SES experiencing it earlier
in LMICs, then this would explain our findings.20

This hypothesis is plausible. It has been observed that as economic conditions improve and nutritional intakes and dietary
diversity increase, the onset of menarche occurs earlier (de Muinck Keizer-Shrama and Mul 2001, Lam et al. 2021). Consistent
with this, Thomas et al. (2001), summarizing results from 67 countries, find a strong negative association between average age at
menarche and different measures of development, including female life expectancy and literacy rates. Simondon et al. (1998) use
longitudinal data from 1650 children in Senegal and show that girls who were stunted before schooling age had menarche later than
non-stunted girls but their height grew faster–leading to some catch-up-in late adolescence. Delayed menarche among lower-SES
groups was also observed in past UK cohorts (Krzyżanowska et al., 2016), but not in contemporaneous ones (Kelly et al., 2017).21

Given these insights, if within LMICs there is a negative association between age at pubertal maturation and measures of material
well-being, high-SES children will grow–on average–faster than their low-SES cohort peers both before and during the adolescent
growth spurt, which they will reach, on average, sooner. At this point the gap between high- and low-SES children may reach a
maximum. However, once low-SES children reach their adolescent growth spurt, a degree of catch-up may take place, especially if
physical growth continues well after adolescence or if pubertal maturation occurs very late. Indeed it has also been shown that poor
or poorly fed populations grow more slowly and reach their final height at later ages (Steckel, 1986). This is also consistent with
our longitudinal data, where we observe that both girls and boys continue to grow past age 18, see Tables 2 and 3. This catch-up
mechanism may thus lead to a reduction in the height-SES gradient after puberty.

20 Compared with girls, there is less evidence available for boys on the relationship between pubertal maturation and SES in LMICs. This is partly due to the
reater challenges in measuring pubertal timing for boys in the absence of a clearly defined marker of pubertal maturation such as menarche. This evidence
ap is equally marked for high-income settings. The only paper we are aware of that examines the relationship between SES and pubertal maturation among
oys is Sun et al. (2017), which documents an inverse relationship in an Australian cohort. This is consistent with a wide body of evidence showing that in
igh-income settings lower SES predicts earlier maturation, the opposite of what we find in LMICs.
21 From a biological perspective, the relationship between SES and pubertal onset and tempo may be mediated by recently-uncovered mutations in brain

receptors that are activated by caloric deprivations in childhood (Lam et al., 2021). In turn, these mutations are associated with delayed pubertal onset and
reduced linear growth rate throughout childhood and adolescence, which are then partially offset by a longer period of limb growth due to a later pubertal
14

onset, allowing for an extended period of growth.
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Table 4
Association between early menarche and maternal schooling.
Source: Authors’ calculations from DHS, YLS (both cohorts), and CLHNS data.

(1) (2) (3) (4) (5)

Panel A: DHS India Turkey Gabon Ghana

Mother at least secondary 0.030*** 0.017 0.192 0.146
(0.007) (0.052) (0.128) (0.095)

Observations 63,989 862 541 409
R-squared 0.000 0.000 0.007 0.014
Mean of dependent variable 0.200 0.306 0.197 0.064
Age range 15-17 15-17 15-19 15-19

Panel B: YLS and CLHNS Ethiopia India Peru Vietnam Philippines

Mother at least secondary 0.024 0.191* 0.106** 0.204*** 0.182***
(0.029) (0.106) (0.046) (0.044) (0.034)

Observations 1,163 1,301 1,135 1,328 787
R-squared 0.02 0.057 0.091 0.126 0.154
Mean of dependent variable 0.03 0.32 0.55 0.34 0.41

Notes: The dependent variable is a dummy = 1 if the individual had menarche before 13 years of age. See Online Appendix A.2
for additional details on data construction for DHS. All estimates do not use sampling weights and include dummies for age in
months. In the DHS estimates, we control for country binary variables, while in the YLS data, for whether the child is from the
Younger Cohort. Standard errors are clustered at the level of primary stage unit (PSU) of residence (in DHS), or the PSU in the
first wave (‘sentinel site’ in YLS and barangay–district or village–in CLHNS). In YLS, secondary education is set = 1 when the
mother has completed a number of years of schooling corresponding to the country-specific typical requirement, that is, 10 in
Ethiopia, 12 in India, 11 in Peru and 9 in Vietnam. In CLHNS it is = 1 if the mother has completed at least 4 years of secondary
school at the time of the first survey wave.

To investigate the association between SES and age at pubertal maturation, we start by examining data on age at menarche in
DHS data using the four countries where the data allow it, namely, Gabon, Ghana, India, and Turkey.22 For each of these countries,
we estimate models such as Eq. (1) but with a binary dependent variable equal to one if the girl had menarche before age 13.
Although the four countries differ considerably in their level of development, there is a positive association between early menarche
and maternal education in all of them, although the coefficient is only statistically significant in India, and its magnitude is small for
Turkey (Table 4, Panel A). In India, high maternal education increases the predicted probability of early menarche by 3 percentage
points (95% CI [0.016, 0.044]), relative to the mean (20%). In Gabon and Ghana, both very poor countries where fewer girls have
already reached menarche before 13, the association is even stronger, although very imprecisely estimated and thus not significant
at standard levels: in Gabon high maternal education predicts a 100% increase in the probability (from 20 to 39%, 95% CI of the
change [−0.061, 0.445]), while in Ghana it predicts a 228% increase (from 6.4 to 21%, 95% CI of the change [−0.04, 0.333]). In
wealthier Turkey, where average female education is also higher, the association is still positive but much weaker and not significant
at standard levels.

The negative association between SES and age at menarche is confirmed when we use the longitudinal data from both cohorts
from YLS and from CHLNS, as reported in Table 4, Panel B. With the exception of Ethiopia, where the association is weak and
not significant at standard levels, early menarche is substantively more likely among daughters of high-SES mothers, with point
estimates ranging from 0.11 in Peru to 0.2 in Vietnam. These simple associations are of course not necessarily causal, but they are
consistent with the hypothesis that high-SES girls grow faster and stop growing sooner. Ethiopia may be an exception due to the
very low prevalence of early menarche among girls in the sample, at less than 4%.23

Altogether this evidence suggest that indeed the onset of adolescence occurs earlier among high-SES children in the contexts we
are analyzing. This evidence is, however, incomplete because we cannot link the onset of adolescence directly to the SES gradients
in heights at various ages. To do this we now estimate a model of growth separately for boys and girls by SES.

4.1.1. A model of the age profile of growth velocity and SES
In this sub-section we describe and estimate a simple model where both the timing and speed of height growth depend on SES.

We model the growth rate of heights assuming that it follows the well-known patterns described in the literature (e.g. see Tanner
et al. 1966, Fig. 8, or Gluckman et al. 2016, Fig. 5.8). We estimate a model where the parameters are the growth rates in different
developmental periods and the age at which each period starts. In this model there are four key periods: early childhood (before

22 Age at menarche is available for several other DHS countries, but they cannot be linked to maternal schooling due to the data structure, see Online Appendix
.2 for details.
23 The associations between SES and early menarche we observe in both DHS and panel data may be driven at least in part by a higher prevalence of
verweight among high-SES girls, as excess adiposity in childhood is an important factor associated with earlier pubertal onset (Marcovecchio and Chiarelli,
013). Overweight girls in the pre-pubertal phase tend to grow faster than leaner peers, but this advantage in growth tends to decline during puberty, when
verweight girls display a reduced growth spurt. This, again, could lead to a degree of catch-up in height among poorer girls, who are less likely to be overweight.
e check whether taking into account overweight and obesity changes the point estimates for maternal education in both the DHS and YLS panel data for girls,
15

ut we do not find evidence that this is the case. We also note that overweight and obesity are generally limited in these samples.
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Fig. 6. Growth velocity .
Source: Authors’ elaboration from Tanner et al. (1966, Fig. 8). The labels indicate the parameters estimated for boys using the
procedure described in Section 4.1.1: 𝛼 is growth velocity at birth; 𝑡1, 𝑡2, 𝑡3, and 𝑡4 show the age of the most salient changes in
growth velocity, while 𝛽1, 𝛽2, 𝛽3, and 𝛽4 are the slopes of the piecewise linear curve in each interval.

age 2–3), childhood (roughly ages 3–10), the adolescent growth spurt (sometime after age 10), and adulthood (once growth is
completed). The exact duration of each period varies across time and place, and may depend on SES.

In Fig. 6 we illustrate the typical velocity curves for boys and girls, as illustrated for instance in Tanner et al. (1966, Fig. 8). We
superimpose on the figure an illustration of the model we estimate, with labels corresponding to the parameters that we describe
in detail below. Growth is typically highest at birth, and falls rapidly during early childhood. During childhood, velocity declines
slowly until the adolescent growth spurt (AGS). At this point growth velocity increases, reaches a peak and then declines at a steady
rate until adult height is achieved. The shape of the velocity curves is thus well approximated by a piece-wise continuous linear
function, with three slope changes: a first change at the end of the fastest growth period in early childhood, a second at the beginning
of the AGS, and a third at its peak.

Formally, let 𝑡1, 𝑡2, and 𝑡3 denote the timing of the kinks in the piece-wise linear velocity curve, and let 𝑡4 be the time when
adult height is achieved. Let also ℎ𝑡 denote height of an individual at age 𝑡 (measured in months). For an individual who has not
yet achieved adult height (that, is for 𝑡 < 𝑡4), growth between 𝑡 − 1 and 𝑡 can be written as

ℎ𝑡 − ℎ𝑡−1 = 𝛼 + 𝛽1
(

min{𝑡, 𝑡1} − 1
)

+ 1
(

𝑡 > 𝑡1
)

𝛽2
(

min{𝑡, 𝑡2} − 𝑡1
)

+1
(

𝑡 > 𝑡2
)

𝛽3
(

min{𝑡, 𝑡3} − 𝑡2
)

+ 1
(

𝑡 > 𝑡3
)

𝛽4
(

min{𝑡, 𝑡4} − 𝑡3
)

, (2)

where the coefficients 𝛽1, 𝛽2, 𝛽3, and 𝛽4 are thus the slopes of the four linear intervals. Because adult height is achieved at 𝑡 = 𝑡4,
growth must be equal to zero at this time, so that the following constraint must hold:

𝛼 + 𝛽1
(

𝑡1 − 1
)

+ 𝛽2
(

𝑡2 − 𝑡1
)

+ 𝛽3
(

𝑡3 − 𝑡2
)

+ 𝛽4
(

𝑡4 − 𝑡3
)

= 0. (3)

This model cannot be estimated directly in our data, given that for the same child we never observe height measured in two
consecutive months. However, in Online Appendix A.4 we show that Eq. (2) can be used in an iterative fashion to write down height
at age 𝑡 as:

ℎ𝑡 = ℎ0 + 𝛼1(𝑡 ≤ 𝑡4)𝑡 + 𝛽1𝑣1 + 𝛽2𝑣2 + 𝛽3𝑣3 + 𝛽4𝑣4 + 𝛿1(𝑡 > 𝑡4), (4)

where the 𝑣 functions are somewhat complex but deterministic and known functions of age and/or of the location of the kinks such
that

𝑣1 = 1(𝑡 ≤ 𝑡4)
min(𝑡, 𝑡1)(min(𝑡, 𝑡1) − 1)

2
+ 1(𝑡1 < 𝑡 ≤ 𝑡4)(𝑡 − 𝑡1)(𝑡1 − 1)

𝑣2 = 1(𝑡1 < 𝑡 ≤ 𝑡4)
(min(𝑡, 𝑡2) − 𝑡1)(min(𝑡, 𝑡2) − 𝑡1 + 1)

2
+ 1(𝑡2 < 𝑡 ≤ 𝑡4)(𝑡 − 𝑡2)(𝑡2 − 𝑡1)

𝑣3 = 1(𝑡2 < 𝑡 ≤ 𝑡4)
(min(𝑡, 𝑡3) − 𝑡2)(min(𝑡, 𝑡3) − 𝑡2 + 1)

2
+ 1(𝑡3 < 𝑡 ≤ 𝑡4)(𝑡 − 𝑡3)(𝑡3 − 𝑡2)

𝑣 = 1(𝑡 < 𝑡 ≤ 𝑡 )
(𝑡 − 𝑡3)(𝑡 − 𝑡3 + 1)

,
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Table 5
YLS: A model of growth velocity and maternal schooling.
Source: Authors’ calculations from pooled YLS data.

(1) (2)
Boys Girls

Low schooling Sec. schooling Low schooling Sec. schooling

Intercept (Height at 6 months, ℎ6) 61.0718 61.6517 55.6757 59.4736
(0.15201) (0.26354) (0.69938) (0.47361)

Total growth up to adult height (𝛿) 105.8816 106.3238 99.2212 96.4303
(0.18033) (0.32247) (0.70180) (0.49974)

Initial growth velocity (𝛼) 0.9869 1.0933 1.7036 1.2080
(0.01432) (0.02532) (0.10908) (0.05174)

Slope of velocity curve:

−𝑡 ≤ 𝑡1: Early childhood (𝛽1) −0.0106 −0.0127 −0.0757 −0.0189
(0.00040) (0.00071) (0.00856) (0.00202)

−𝑡1 < 𝑡 ≤ 𝑡2: Before AGS (𝛽2) −0.0011 −0.0009 −0.0038 −0.0030
(0.00007) (0.00013) (0.00009) (0.00031)

−𝑡2 < 𝑡 ≤ 𝑡3: AGS (𝛽3) 0.0070 0.0182 0.0168 0.0135
(0.00027) (0.00120) (0.00060) (0.00083)

−𝑡3 < 𝑡 ≤ 𝑡4: End of growth (𝛽4) −0.0109 −0.0143 −0.0071 −0.0067
(0.00009) (0.00022) (0.00005) (0.00004)

Kinks (months)

−𝑡1: End of early childhood 47 47 14 32
−𝑡2: Start of AGS 143 148 108 93
−𝑡3: AGS Peak 170 161 122 106
−𝑡4: Adult height 223 207 206 198

Root MSE 6.8750 6.1726 6.6904 5.5289
Observations 23,776 5,037 22,112 4,928
No. children 5,010 1,057 4,673 1,033

Notes: The table shows the estimates of the model described in Section 4.1.1, and illustrated graphically in Fig. 7. AGS indicates
the adolescent growth spurt.

nd where in addition to constraint (3) the following should also hold
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)

2
𝛽4. (5)

This second constraint imposes that height be constant once adult height is achieved, that is, at time 𝑡 = 𝑡4. Both these constraints
re linear in parameters, and given that in our data we observe both height and age for each child, the coefficients in (4) can be
stimated in a straightforward way using constrained OLS, once the location of the kinks is known. Given that such location is actually
nobserved, we use an approach analogous to that developed in Hansen (2017) for the estimation of regression kink models with
n unknown threshold. First we set the positions of the kinks 𝑡1, 𝑡2, 𝑡3, and 𝑡4. Then we estimate (4) using constrained OLS, and
e calculate and store the corresponding sum of squared residuals (SSR). Finally, we choose the estimates that minimize the SSR
ver the whole grid. Because the kinks are naturally ordered, we always impose 𝑡1 < 𝑡2 < 𝑡3 < 𝑡4, but in our optimization algorithm
e also impose a minimum of twelve months between 𝑡2 and 𝑡3, that is, between the beginning and the peak of the AGS. This is
ecause, due to the timing of the height measurement, the number of children measured around this period is sometimes small, and
his leads to estimates of the duration of the AGS that are unreasonably short when compared to what is suggested by the literature
n human growth.24

.1.2. Model estimation results
In order to increase precision, we pool together data from each of the four YLS countries and cohorts. YLS data include

easurements of the same individuals at different ages. The frequency of measurements is too sparse to allow estimating individual
rowth velocity at frequent intervals, but there is sufficient variation in the exact age at measurement around the mean age that
e can use the model described above to estimate the age profile of growth velocity around ages 1, 5, 8, 12, 15, 19 and 22. We do
ot include data from CLHNS because the timing of the measurements only partly overlaps with YLS, and it is undesirable to have
ifferent sets of countries driving results over different age ranges.

24 The small number of observations at these two kinks means that the SSR obtained with or without imposing such minimum duration are very close, and
17

o the choice between constrained and unconstrained estimates lead to very similar values of the objective function (the SSR) but to quite different estimates.
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Fig. 7. YLS: Growth velocity and SES .
Source: Authors’ calculations from YLS data. The lines show height growth velocity predicted by the piece-wise continuous
regression model described in Section 4.1.1, estimated separately for boys and girls, and by SES. High-SES is binary and equal
to one when the mother has completed at least secondary schooling.

We show graphically the results of the estimation in Fig. 7, while the details of the estimations are in Table 5.25 As expected, the
AGS takes place significantly sooner among girls relative to boys, and girls achieve their final height earlier than boys. And, perhaps
unsurprisingly given our earlier results, there are visible differences in growth velocity by maternal education. In particular, three
patterns are apparent. First, growth velocity is faster among high-SES children until a few months after the AGS peak: among boys
the gap is small but persistent until the start of the AGS (𝑡2), while among girls it is large especially between 1 and 3 years of age
and after 𝑡2. Second, the AGS starts about one year sooner among high-SES girls. Both boys and girls in high SES groups have an
earlier AGS peak. Third, growth continues for a longer period among low-SES children, especially among boys.

The model-implied SES gradient, shown in Fig. 8, rises until adolescence and then falls, monotonically for boys and less so for
girls. The average height gap between high and low-SES increases gradually with age, opens up further when high-SES have their
AGS, but then low-SES catch-up both because their AGS peak occurs when growth is already slowing down for high-SES children

25 In Online Appendix Figure A.16 we also report the country-specific patterns. The country-specific point estimates and standard errors of the slopes are
18

vailable upon request from the authors.
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Fig. 8. YLS: Height high vs. low-SES gap .
Source: Authors’ calculations from YLS data. The lines show differences in height growth velocity between high-SES and low-SES
children, as predicted by the piece-wise continuous regression model described in Section 4.1.1, estimated separately for boys
and girls. High-SES is binary and equal to one when the mother has completed at least secondary schooling.

and because they achieve their adult height at an older age. This indicates a degree of catch-up, although this is only partial. Indeed
the parameter estimates in Table 5 shows that average adult height (ℎ6 + 𝛿) is 167 cms among low-SES boys and 168 cms among
high-SES boys, while among girls the two estimates are 154.9 cm and 155.9 cm, respectively.26 Also noteworthy is that high-SES
boys finish growing 16 months earlier than low-SES boys, with a smaller gap of 8 months between high- and low-SES girls.

4.2. Alternative explanations for the decline in the height-gradient in adolescence

A complementary hypothesis is that the onset of adolescence, a period of transition into adulthood, may lead to behavioral
changes that affect later growth, and may do so differentially by SES in a way that could explain the fall of the gradient we observe
around this time. That is, higher-SES children–which are more likely to reach pubertal development before lower-SES peers–may
also start earlier to engage in behaviors that may harm their growth. In turn, this could reduce their relative height advantage. For
instance, in LMICs, girls who have an earlier menarche are more likely to drop out of school, marry and have children earlier than
peers with a later menarche (Field and Ambrus 2008, Khanna 2020). By the same token, children with an earlier pubertal growth
spurt may be more likely to engage in physically demanding labor as compared to peers that have a delayed pubertal growth spurt.
Both early childbearing and increased work may impose a ‘height cost’ by increasing a child’s nutritional expenditures and slowing
down growth (Johnson and Moore, 2016). Decreased nutritional investments for children that appear taller than their peers could
be another potential behavioral explanation (Wang et al., 2020). Early puberty may also disrupt sleep patterns and lead to fewer
sleeping hours. As growth hormones are produced during sleep, this can hamper growth. Finally, earlier pubertal timing has been
shown to predict higher sensation seeking and engagement in risky behaviors (Steinberg et al., 2008), which in turn may decelerate
adolescents’ subsequent growth. However, our data do not support such alternative hypothesis. In Online Appendix A.5 we show
that, while we confirm that there are behaviors in adolescence that are negatively associated with growth during this period (in
particular early marriage), we find no evidence that these behavioral differences can account for the decline in the SES gradients
in adolescence. In fact, if anything, we find the opposite.27

5. Discussions and conclusions

Using a large number of LMICs countries and cohorts we have shown that the association between height (a measure of long-term
health) and maternal education (a proxy for SES) follows an age profile with an inverted U-shape. This pattern is similar when we

26 These figures suggest a height gap between high vs. low-SES adults that is smaller than the ones of 1.4–2.7 cms documented in Tables 2 and 3. This is
ikely due to the approximation induced by the piece-wise continuous shape of the growth velocity curve that we impose for the estimation.

27 However, these results have a silver lining in that they suggest that catch-up could be larger among low-SES children if marriage and childbearing during
19

dolescence could be avoided.
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use other proxies for SES, such as current wealth. We show that such a profile is likely mediated by the physiology of human growth,
as SES predicts the timing and duration of puberty. In our data, children from high-SES families have their adolescent growth spurt
earlier, on average, than children from low-SES families. This, together with the fact that low-SES children achieve their adult height
at older ages, allows them to partly compensate the height disadvantage they have accumulated during childhood.

Our results suggest that the timing of puberty and its relation to SES is a key factor in allowing for catch-up in height. The age
f the onset of puberty has declined substantially in rich countries and it varies widely around the world today. The reasons for this
ecline are not fully understood, as are the health consequences of these changes. Similarly the age of the onset of puberty is related
o socio-economic status, but this association varies across time and place. In LMICs, girls from high-SES families have menarche
arlier whereas the opposite is true in rich countries today. Given that the onset of puberty and its association with SES varies across
ocations and over time, our results suggest that the evolution of the height gradient during adolescence will vary across contexts
s well—most notably our results suggests that in rich countries where menarche occurs later for high-SES children, the gradient
ill continue to grow throughout adolescence. The reasons for these differences are poorly understood. Our research points to the

mportance of understanding these phenomena further as they hold the key to understanding whether catch-up is possible, and how
e might achieve it if we wish to intervene during adolescence. Data on pubertal development for boys is especially scarce, and
ore research on how the AGS is interlinked with SES is needed, including in high-income settings.

A related and important point is that catch-up in height does not necessarily imply catch-up in other dimensions of human
apital. In fact, while height can be important in and of itself (for instance due to returns to physical strength), child stunting
s also a marker for nutrition and health conditions since conception (Case and Paxson, 2008; McGovern et al., 2017; Leroy and
rongillo, 2019). A large literature documents that early-life insults can have long-lasting consequences for health and economic
onditions (Almond et al., 2018), and so the reduction in the height gradient in adolescence does not necessarily mean that gradients
n other dimensions will be similarly reduced. Our work is silent about this, but this is an important qualification that must be kept
n mind even from a policy perspective: partial catch-up in height does not necessarily mean that we should worry less about large
radients that may have existed during childhood. However to the extent that final (adult) height has direct consequences on adult
nd intergenerational outcomes (for example through better maternal and child health during pregnancy and child-birth), then
atch-up in adolescence will ameliorate some economic and health disparities.

Finally, our results also suggest that height, often used as an indicator of long-term health or quality of health environments
uring childhood (e.g. by economic historians), is not an equally good indicator of these outcomes at different ages. Indeed, height
ppears as a particularly poor indicator of SES around birth. The decline in the gradient at older ages could also help explain the weak
ssociation documented by Deaton (2007) in DHS data between adult height of women and GDP at birth. Deaton (2007) and Bozzoli
t al. (2009) argue that a key contributing factor is mortality selection. That is, in poor countries where infant mortality is high,
ncreases in GDP at birth predict not only improvements in SES, but also a decrease in mortality. However, the latter decrease likely
eads to the survival of individuals of poor health and likely smaller height, who would have died under less favorable conditions.
uch decline in ‘harvesting’ will then weaken the cross-sectional association between GDP at birth and the average height of the
urviving adults.28 In this paper, we provided another explanation for why gradients among adults in developing countries are smaller
han among children: there is some amount of catch-up during adolescence. While the catch-up is not complete, it is possible that
better understanding of the factors that increase catch-up can both help explaining the ‘Deaton puzzle’ and provide avenues for

nterventions that would lower SES gradients in height. Future research in this area should further investigate these.
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Supplementary material related to this article can be found online at https://doi.org/10.1016/j.jhealeco.2023.102797.

eferences

dair, L.S., 2001. Size at birth predicts age at menarche. Pediatrics 107 (4), 1–7.
dair, L.S., Popkin, B.M., Akin, J.S., Guilkey, D.K., Gultiano, S., Borja, J., Perez, L., Kuzawa, C.W., McDade, T., Hindin, M.J., 2010. Cohort profile: The cebu

longitudinal health and nutrition survey. Int. J. Epidemiol. 40 (3), 619–625.
iyar, A., Cummins, J.R., 2021. An age profile perspective on two puzzles in global child health: The Indian enigma and economic growth. J. Dev. Econ. 148,

102569.
kresh, R., Bhalotra, S., Leone, M., Osili, U.O., 2012. War and stature: Growing up during the Nigerian civil war. Am. Econ. Rev. Pap. Proc. 102 (3), 273–277.
kresh, R., Bhalotra, S., Leone, M., Osili, U., 2023. First and second generation impacts of the Biafran war. J. Hum. Resour. 58 (2), 488–531.
lderman, H., Hoddinott, J., Kinsey, B., 2006. Long term consequences of early childhood malnutrition. Oxf. Econ. Pap. 58 (3), 450–474.
lmond, D., Currie, J., Duque, V., 2018. Childhood circumstances and adult outcomes: Act II. J. Econ. Lit. 56 (4), 1360–1446.
nand, P., Behrman, J.R., Dang, H.-A.H., Jones, S., 2018. Varied patterns of catch-up in child growth: Evidence from Young lives. Soc. Sci. Med. 214, 206–213.
ndersen, S.H., Steinberg, L., Belsky, J., 2021. Beyond early years versus adolescence: The interactive effect of adversity in both periods on life-course development.

Dev. Psychol. 57 (11), 1958.
ndriano, L., Monden, C.W.S., 2019. The causal effect of maternal education on child mortality: Evidence from a quasi-experiment in Malawi and Uganda.

Demography 56 (5), 1765–1790.
ann, D., Johnson, W., Li, L., Kuh, A., Hardy, R., 2018. Socioeconomic inequalities in childhood and adolescent body-mass index, weight, and height from 1953

to 2015: an analysis of four longitudinal, observational, British birth cohort studies. Lancet Public Health 3 (4), e194–e203.

28 Although this is beyond the scope of this paper, we find that, in DHS data, child height is very weakly associated with GDP at birth at age 0, but the
20

orrelation increases substantively with age. These results are available upon request.

https://doi.org/10.1016/j.jhealeco.2023.102797
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb1
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb2
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb2
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb2
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb3
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb3
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb3
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb4
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb5
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb6
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb7
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb8
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb9
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb9
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb9
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb10
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb10
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb10
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb11
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb11
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb11


Journal of Health Economics 91 (2023) 102797E. Aurino et al.

B
B

B

B
B
C
C

C

C
C
C
C
C

C
C
d
d
d

D
D

D

F
F

F
F

G
G
H

H
H
H

H
H
H

I
J

K

K
K
K

K
K

L
L
L

L

L
M
M

Barnett, I., Ariana, P., Petrou, S., Penny, M.E., Duc, L.T., Galab, S., Woldehanna, T., Escobal, J.A., Plugge, E., Boyden, J., 2013. Cohort profile: The Young lives
study. Int. J. Epidemiol. 42 (3), 701–708.

eath, K.J., 2007. Infant growth modelling using a shape invariant model with random effects. Stat. Med. 26 (12), 2547–2564.
ehrman, J.R., Schott, W., Mani, S., Crookston, B.T., Dearden, K., Duc, L.T., Fernald, L.C., Stein, A.D., 2017. Intergenerational transmission of poverty and

inequality: parental resources and schooling attainment and children’s human capital in Ethiopia, India, Peru, and Vietnam. Econ. Dev. Cult. Chang. 65 (4),
657–697.

orga, L.G., Münich, D., Kukla, L., 2021. The socioeconomic gradient in child health and noncognitive skills: Evidence from the Czech Republic. Econ. Hum.
Biol. 43, 101075.

ozzoli, C., Deaton, A., Quintana-Domeque, C., 2009. Adult height and childhood disease. Demography 46 (4), 647–669.
riones, K., 2017. ‘how many rooms are there in your house?’ constructing the young lives wealth index. In: Working Paper 43. Young Lives.
aldwell, J.C., 1986. Routes to low mortality in poor countries. Popul. Dev. Rev. 12 (2), 171–220.
ameron, L., Williams, J., 2009. Is the relationship between socioeconomic status and health stronger for older children in developing countries? Demography

46 (2), 303–324.
ampisi, S.C., Carducci, B., Söder, O., Bhutta, Z.A., 2018. The intricate relationship between chronic undernutrition, impaired linear growth and delayed puberty:

Is ‘catch-up’ growth possible during adolescence? In: UNICEF Office of Research - Innocenti Working Paper WP-2018-12.
arneiro, P., Garcia, I.L., Salvanes, K.G., Tominey, E., 2019. Intergenerational mobility and the timing of parental income. In: Working Paper.
ase, A., Lubotsky, D., Paxson, C., 2002. Economic status and health in childhood: the origins of the gradient. Amer. Econ. Rev. 92 (5), 1308–1334.
ase, A., Paxson, C., 2008. Stature and status: height, ability, and labor market outcomes. J. Polit. Econ. 116 (3), 499–532.
ole, T., Donaldson, M., Ben-Shlomo, Y., 2010. SITAR–a useful instrument for growth curve analysis. Int. J. Epidemiol. 39 (6), 1558–1566.
onway, D.I., McMahon, A.D., Brown, D., Leyland, A.H., 2019. Measuring socioeconomic status and inequalities. In: Vaccarella, S., Lortet-Tieulent, J., Saracci, R.,

Conway, D., Straif, K., Wild, C. (Eds.), Reducing Social Inequalities in Cancer: Evidence and Priorities for Research. International Agency for Research on
cancer, pp. 29–40 (Chapter 4) Available from https://www.ncbi.nlm.nih.gov/books/NBK566205/.

urrie, J., Stabile, M., 2003. Socioeconomic status and child health: why is the relationship stronger for older children? Amer. Econ. Rev. 93 (5), 1813–1823.
utler, D., Deaton, A., Lleras-Muney, A., 2006. The determinants of mortality. J. Econ. Perspect. 20 (3), 97–120.
e La Rochebrochard, E., 2000. Age at puberty of girls and boys in France: Measurements from a survey on adolescent sexuality. Popul. Engl. Sel. 12, 51–79.
e Muinck Keizer-Shrama, S.M., Mul, D., 2001. Trends in pubertal development in Europe. Hum. Reprod. Update 7 (3), 287–291.
e Onis, M., Onyango, A.W., Borghi, E., Siyam, A., Nishida, C., Siekmann, J., 2007. Development of a WHO growth reference for school-aged children and

adolescents. Bull. World Health Organ. 85 (9), 660–667.
eaton, A., 2007. Height, health, and development. Proc. Natl. Acad. Sci. 104 (33), 13232–13237.
eaton, A., Grosh, M., 2000. Consumption. In: Grosh, M., Glewwe, P. (Eds.), Designing Household Survey Questionnaires for Developing Countries: Lessons from

15 Years of the Living Standards Measurement Study, Vol. 1. Oxford University Press for the World Bank, pp. 91–133 (Chapter 5).
revenstedt, G.L., Crimmins, E.M., Vasunilashorn, S., Finch, C.E., 2008. The rise and fall of excess male infant mortality. Proc. Natl. Acad. Sci. 105 (13),

5016–5021.
ield, E., Ambrus, A., 2008. Early marriage, age of menarche, and female schooling attainment in Bangladesh. J. Polit. Econ. 116 (5), 881–930.
ilmer, D., Pritchett, L., 2001. Estimating wealth effects without expenditure data - or tears: an application to educational enrollments in states of India.

Demography 38 (1), 115–132.
letcher, J., Wolfe, B., 2014. Increasing our understanding of the health-income gradient in children. Health Econ. 23 (4), 473–486.
ogel, R.W., 1994. Economic growth, population theory, and physiology: The bearing of long-term processes on the making of economic policy. Amer. Econ.

Rev. 84 (3), 369–395.
luckman, P., Beedle, A., Buklijas, T., Low, F., Hanson, M., 2016. Principles of Evolutionary Medicine. Oxford University Press.
répin, K.A., Bharadwaj, P., 2015. Maternal education and child mortality in zimbabwe. J. Health Econ. 44, 97–117.
addad, L.J., Bouis, H.E., 1991. The impact of nutritional status on agricultural productivity: wage evidence from the Philippines. Oxf. Bull. Econ. Stat. 53 (1),

45–68.
ansen, B., 2017. Regression kink with an unknown threshold. J. Bus. Econom. Statist. 35 (2), 228–240.
auspie, R.C., Vercauteren, M., Susanne, C., 1996. Secular changes in growth and maturation: An update. Hormones 45, 8–17.
eath, R., Jayachandran, S., 2017. The causes and consequences of increased female education and labor force participation in developing countries. In: The

Oxford Handbook of Women and the Economy. Oxford University Press, pp. 345–367.
irvonen, K., 2014. Measuring catch-up growth in malnourished populations. Ann. Hum. Biol. 41 (1), 67–75.
oddinott, J., Kinsey, B., 2001. Child growth in the time of drought. Oxf. Bull. Econ. Stat. 63 (4), 409–436.
owe, L.D., Lawlor, D.A., Propper, C., 2013. Trajectories of socioeconomic inequalities in health, behaviors and academic achievement across childhood and

adolescence. Epidemiol. Community Health 67 (4), 358–364.
CF International, 2012. Demographic and Health Survey Sampling and Household Listing Manual. ICF International, Calverton, Maryland, U.S.A.
ohnson, W., Moore, S., 2016. Adolescent pregnancy, nutrition, and health outcomes in low-and middle-income countries: what we know and what we don’t

know. BJOG 123 (10), 1589–1592.
elly, Y., Zilanawala, A., Sacker, A., Hiatt, R., Viner, R., 2017. Early puberty in 11-year-old girls: Millennium Cohort study findings. Arch. Dis. Child. 102 (3),

232–237.
hanam, R., Nghiem, H.S., Connelly, L.B., 2009. Child health and the income gradient: evidence from Australia. J. Health Econ. 28 (4), 805–817.
hanna, M., 2020. The precocious period: Impact of early menarche on schooling in India. In: Working Paper.
ozuki, N., Katz, J., Lee, A., Vogel, J., Silveira, M., Sania, A., Stevens, G., Cousens, S., Caulfield, L., Christian, P., et al., 2015. Short maternal stature increases

risk of small-for-gestational-age and preterm births in low- and middle-income countries: Individual participant data meta-analysis and population attributable
fraction. J. Nutr. 145 (11), 2542–2550.

rzyżanowska, M., Mascie-Taylor, C.N., Thalabard, J.-C., 2016. Biosocial correlates of age at menarche in a British cohort. Ann. Hum. Biol. 43 (3), 235–240.
uczmarski, R.J., Ogden, C.L., Grummer-Strawn, L.M., Flegal, K.M., Guo, S.S., Wei, R., Mei, Z., Curtin, L.R., Roche, A.F., Johnson, C.L., 2000. CDC Growth

Charts: United States. Technical Report 314, Advance Data, Center for Disease Control and Prevention, National Center for Health Statistics.
am, B., Williamson, A., Finer, S., et al., 2021. MC3R links nutritional state to childhood growth and the timing of puberty. Nature 599, 436–441.
eroy, J.L., Frongillo, E.A., 2019. Perspective: What does stunting really mean? A critical review of the evidence. Adv. Nutr. 10 (2), 196–204.
eroy, J.L., Frongillo, E.A., Dewan, P., Black, M.M., Waterland, R.A., 2020. Can children catch up from the consequences of undernourishment? Evidence from

child linear growth, developmental epigenetics, and brain and neurocognitive development. Adv. Nutr. 11 (4), 1032–1041.
eroy, J.L., Ruel, M., Habicht, J.-P., Frongillo, E.A., 2015. Using height-for-age differences (HAD) instead of height-for-age z-scores (HAZ) for the meaningful

measurement of population-level catch-up in linear growth in children less than 5 years of age. BMC Pediatr. 15 (1), 1–11.
i, L., Manor, O., Power, C., 2004. Early environment and child-to-adult growth trajectories in the 1958 British birth cohort. Am. J. Clin. Nutr. 80 (1), 185–192.
arcovecchio, M.L., Chiarelli, F., 2013. Obesity and growth during childhood and puberty. World Rev. Nutr. Diet. 106, 135–141.
artorell, R., Habicht, J.-P., 1986. Growth in early childhood in developing countries. In: Falkner, F., Tanner, J.M. (Eds.), Human Growth: A Comprehensive

Treatise, Vol. 3. Plenum Press, New York.
21

http://refhub.elsevier.com/S0167-6296(23)00074-7/sb12
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb12
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb12
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb13
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb14
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb14
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb14
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb14
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb14
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb15
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb15
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb15
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb16
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb17
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb18
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb19
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb19
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb19
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb20
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb20
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb20
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb21
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb22
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb23
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb24
https://www.ncbi.nlm.nih.gov/books/NBK566205/
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb26
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb27
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb28
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb29
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb30
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb30
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb30
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb31
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb32
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb32
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb32
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb33
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb33
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb33
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb34
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb35
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb35
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb35
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb36
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb37
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb37
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb37
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb38
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb39
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb40
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb40
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb40
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb41
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb42
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb43
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb43
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb43
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb44
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb45
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb46
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb46
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb46
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb47
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb48
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb48
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb48
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb49
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb49
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb49
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb50
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb51
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb52
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb52
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb52
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb52
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb52
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb53
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb54
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb54
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb54
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb55
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb56
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb57
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb57
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb57
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb58
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb58
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb58
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb59
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb60
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb61
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb61
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb61


Journal of Health Economics 91 (2023) 102797E. Aurino et al.

M

M

O
P
P
P
P
R
R
S
S

S
S

S

S

S
S
S
S

S
S

S

T
T

T
T
T

v
V
W

W

W

W

W
W

W
W
Z

Martorell, R., Kettel Khan, L., Schroeder, D., 1994. Reversibility of stunting: epidemiological findings in children from developing countries. Eur. J. Clin. Nutr.
48 (1), 45–57.

cGovern, M.E., Krishna, A., Aguayo, V.M., Subramanian, S., 2017. A review of the evidence linking child stunting to economic outcomes. Int. J. Epidemiol.
46 (4), 1171–1191.

urasko, J.E., 2008. An evaluation of the age-profile in the relationship between household income and the health of children in the United States. J. Health
Econ. 27 (6), 1489–1502.

smani, S., Sen, A., 2003. The hidden penalties of gender inequality: fetal origins of ill-health. Econ. Hum. Biol. 1 (1), 105–121.
ark, C., 2010. Children’s health gradient in developing countries: evidence from Indonesia. J. Econ. Dev. 35 (4), 25.
erkins, J.M., Subramanian, S., Davey Smith, G., Özaltin, E., 2016. Adult height, nutrition, and population health. Nutr. Res. 74 (3), 149–165.
ersico, N., Postlewaite, A., Silverman, D., 2004. The effect of adolescent experience on labor market outcomes: the case of height. J. Polit. Econ. 112, 1019–1053.
reece, M., Baines, M., 1978. A new family of mathematical models describing the human growth curve. Ann. Hum. Biol. 5 (1), 1–24.
amakrishnan, U., Martorell, R., Schroeder, D.G., Flores, R., 1999. Role of intergenerational effects on linear growth. J. Nutr. 129 (2), 544S–549S.
einhold, S., Jürges, H., 2012. Parental income and child health in Germany. Health Econ. 21 (5), 562–579.
aavedra, J.M., Prentice, A.M., 2022. Nutrition in school-age children: a rationale for revisiting priorities. Nutr. Res. 1–21.
ayers, A., Baines, M., Tilling, K., 2013. A new family of mathematical models describing the human growth curve—Erratum: Direct calculation of peak height

velocity, age at take-off and associated quantities. Ann. Hum. Biol. 40 (3), 298–299.
epehri, A., Guliani, H., 2015. Socioeconomic status and children’s health: Evidence from a low-income country. Soc. Sci. Med. 130, 23–31.
hrimpton, R., Victora, C.G., de Onis, M., Costa Lima, R., Blössner, M., Clugston, G., 2001. Worldwide timing of growth faltering: implications for nutritional

interventions. Pediatrics 107 (5:E75), 1–7.
imondon, K., Simondon, F., Simon, I., Diallo, A., Bénéfice, E., Traissac, P., Maire, B., 1998. Preschool stunting, age at menarche and adolescent height: a

longitudinal study in rural Senegal. Eur. J. Clin. Nutr. 52 (6), 412–418.
sentongo, P., Ssentongo, A.E., Ba, D.M., Ericson, J.E., Na, M., Gao, X., Fronterre, C., Chinchilli, V.M., Schiff, S.J., 2021. Global, regional and national epidemiology

and prevalence of child stunting, wasting and underweight in low-and middle-income countries, 2006–2018. Sci. Rep. 11 (1), 1–12.
teckel, R.H., 1986. A peculiar population: The nutrition, health, and mortality of American slaves from childhood to maturity. J. Econ. Hist. 46 (3), 721–741.
teckel, R.H., 1995. Stature and the standard of living. J. Econ. Lit. 33 (4), 1903–1940.
teckel, R.H., 2009. Heights and human welfare: Recent developments and new directions. Explor. Econ. Hist. 46 (1), 1–23.
teinberg, L., Albert, D., Cauffman, E., Banich, M., Graham, S., Woolard, J., 2008. Age differences in sensation seeking and impulsivity as indexed by behavior

and self-report: evidence for a dual systems model. Dev. Psychol. 44 (6), 1764.
trauss, J., Thomas, D., 1998. Health, nutrition, and economic development. J. Econ. Lit. 36 (2), 766–817.
trauss, J., Thomas, D., 2008. Health over the life course. In: Schultz, T.P., Strauss, J. (Eds.), Handbook of Development Economics, Vol. IV. Elsevier Science,

Amsterdam, pp. 3375–3474 (Chapter 54).
un, Y., Mensah, F.K., Azzopardi, P., Patton, G.C., Wake, M., 2017. Childhood social disadvantage and pubertal timing: a national birth cohort from Australia.

Pediatrics 139 (6), e201640.
anner, J.M., 1989. Fetus into man. In: Physical Growth from Conception to Maturity, second ed. Harvard University Press, Cambridge, Massachussetts.
anner, J., Whitehouse, R., Takaishi, M., 1966. Standards from birth to maturity for height, weight, height velocity, and weight velocity: British children, 1965.

I. Arch. Dis. Child. 41 (219), 454–471.
arozzi, A., 2008. Growth reference charts and the nutritional status of Indian children. Econ. Hum. Biol. 6 (3), 455–468.
homas, D., 1990. Intra-household resource allocation: An inferential approach. J. Hum. Resour. 25 (4), 635–664.
homas, F., Renaud, F., Benefice, E., De Meeüs, T., Guegan, J.-F., 2001. International variability of ages at menarche and menopause: patterns and main

determinants. Hum. Biol. 73 (2), 271–290.
an den Berg, G., Lundborg, P., Nystedt, P., Rooth, D.-O., 2014. Critical periods during childhood and adolescence. J. Eur. Econom. Assoc. 12 (6), 1521–1557.
ogl, T.S., 2014. Height, skills, and labor market outcomes in Mexico. J. Dev. Econ. 107, 84–96.
ang, Y., Chen, H.-J., 2012. Use of percentiles and Z-scores in anthropometry. In: Preedy, V.R. (Ed.), Handbook of Anthropometry: Physical Measures of Human

Form in Health and Disease. Springer New York, New York, NY, pp. 29–48.
ang, Y., Moreno, L.A., Caballero, B., Cole, T.J., 2006. Limitations of the current world health organization growth references for children and adolescents.

Food Nutr. Bull. 27 (4_suppl5), S175–S188.
ang, F., Puentes, E., Behrman, J., Cunha, F., 2020. You are what your parents think: Height and local reference points. In: Penn Institute of Economic Research

Working Paper 18-007.
aterlow, J.C., Buzina, R., Keller, W., Lane, J.M., Nichaman, M.Z., Tanner, J.M., 1977. The presentation and use of height and weight data for comparing the

nutritional status of groups of children under the age of 10 years. Bull. World Health Organ. 55 (4), 489–498.
est, P., 1997. Health inequalities in the early years: is there equalisation in youth? Soc. Sci. Med. 44 (6), 833–858.
HO Multicentre Growth Reference Study Group, de Onis, M., 2006. WHO child growth standards based on length/height, weight and age. Acta Paediatr. 95

(S450), 76–85.
orld Health Organization, 1978. A Growth Chart for International Use in Maternal and Child Health Care. World Health Organization, Geneva.
yshak, G., Frisch, R.E., 1982. Evidence for a secular trend in age of menarche. N. Engl. J. Med. 306 (17), 1033–1035.

arulli, V., Jones, J.A.B., Oksuzyan, A., Lindahl-Jacobsen, R., Christensen, K., Vaupel, J.W., 2018. Women live longer than men even during severe famines and
epidemics. Proc. Natl. Acad. Sci. 115 (4), E832–E840.
22

http://refhub.elsevier.com/S0167-6296(23)00074-7/sb62
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb62
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb62
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb63
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb63
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb63
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb64
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb64
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb64
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb65
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb66
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb67
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb68
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb69
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb70
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb71
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb72
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb73
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb73
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb73
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb74
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb75
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb75
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb75
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb76
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb76
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb76
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb77
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb77
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb77
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb78
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb79
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb80
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb81
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb81
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb81
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb82
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb83
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb83
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb83
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb84
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb84
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb84
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb85
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb86
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb86
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb86
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb87
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb88
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb89
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb89
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb89
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb90
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb91
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb92
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb92
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb92
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb93
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb93
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb93
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb94
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb94
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb94
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb95
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb95
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb95
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb96
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb97
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb97
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb97
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb98
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb99
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb100
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb100
http://refhub.elsevier.com/S0167-6296(23)00074-7/sb100

	The rise and fall of SES gradients in heights around the world
	Introduction
	Data and Measurement
	Data
	Height, SES and other Variables of Interest

	Empirical Approach and Results
	Empirical Strategy
	Cross-sectional Results for Children under 5 from the DHS
	Results for Adolescents in the DHS
	Evidence from Panel Data
	Robustness checks
	Alternative measures of SES
	Alternative Measures of Height Performance
	Controlling for Maternal Height
	Attrition


	Why Does the Gradient Decline in Adolescence?
	Pubertal maturation, SES and the Age Profile of the Gradient
	A Model of the Age Profile of Growth Velocity and SES
	Model estimation results

	Alternative explanations for the decline in the height-gradient in adolescence

	Discussions and Conclusions
	Appendix A. Supplementary data
	References


