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Abstract
This study evaluates a large (N> 366,000) sample of young women (15-18 years) from 64 lower- and
middle-income countries for associations between height, household wealth, and schooling outcomes, with
a focus on secondary school attendance. A pooled sample and regional samples (Latin America, South/
Southeast Asia, East Africa, and West Africa) are evaluated. A dual purpose is to evaluate both associations
between height and schooling, and potential height-wealth interactions such that height associations to
schooling vary over levels of wealth. Ordered probit analysis indicates positive marginal probabilities from
height on secondary school attendance in all samples, with diminishing probabilities in the Latin America
and South/SE Asia samples, and flat/increasing probabilities in the African samples. For South/SE Asia and
taller women in Latin America, height associations are stronger at lower household wealth. For both
African samples and shorter women in Latin America, height associations are stronger at higher wealth.
The findings suggest that the height-schooling relationship may derive from the influence from early-life
health, and may also be affected by differences in health and education environments as suggested by varia-
tions across regions and height-wealth interactions within regions.
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Introduction
Schooling has long been studied as a key input into a host of individual and social outcomes. At
the individual level, schooling success has been associated with a wide array of life outcomes,
including health and mortality (Cutler and Lleras-Muney 2012), wage income (Card 1999),
and a number of other non-pecuniary benefits such as happiness and marriage success
(Oreopoulos and Salvanes 2011). Average levels of education in populations have been linked
to economic growth (Hanushek and Woessmann 2010), lower crime (Lochner 2020), and civic
participation (Dee 2020). The recognized benefits of schooling to individuals and society have
motivated policies to raise education levels across populations, from historical compulsory
schooling laws to contemporary policies aimed at increasing enrollments at the margins of
primary, secondary, and tertiary education.

Along with a long-running literature that links education attainment to various outcomes,
there is the accompanying body of research that explores the determinants of educational
achievement. In general, family socioeconomic status and early-life health are the dominant char-
acteristics that are studied as schooling determinants. Their relative emphasis tends to vary
depending on the population of interest. For example, in populations of higher-income countries
that have high average levels of schooling, family socioeconomic status is commonly studied
as a key determinant of social mobility, often with a focus on parental behaviors and investments
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(e.g. Heckman and Mosso 2014). In lower- and middle-income countries where the deprivation of
resources in childhood and adolescence can negatively affect physical and cognitive development,
the role of early-life health is more commonly studied as a schooling determinant (e.g. Currie and
Vogl 2013; Glewwe and Miguel 2007; Victora et al. 2008).

Though health and socioeconomic status may vary in relative importance as determinants of
schooling outcomes in different populations, it is not to say that either should be studied to the
exclusion of the other. For example, while major health insults may be less common in child popu-
lations of higher-income countries, those children who do suffer from certain conditions can
experience negative effects on schooling outcomes (Champaloux and Young 2015; Forrest
et al. 2013; Quach et al. 2017). Also, while overall standards of living might be lower in lower-
and middle-income countries, access to schooling can still be influenced by relative socioeconomic
status within a country (Kim et al. 2019). In consideration of these relationships, and with a focus
on populations from lower- and middle-income countries, this paper presents an analysis on the
potential interactions between health and economic status in schooling outcomes.

Using height as a marker of early-life health, this study estimates associations from height and
household wealth on secondary school attendance for a sample of over 366,000 young (15-18
years) women from 64 countries. Further analysis considers varying associations from height
across levels of wealth. While a good number of studies have identified associations from health
and socioeconomic status on schooling outcomes, none have considered the potential for an inter-
active effect between these variables. The section below provides reasons why such an interaction
may be expected. Further, studies that look at the relationship between height and schooling in
populations from lower-income countries typically focus on severe growth limitations (stunting).
This analysis evaluates effects over the whole of the height distribution.

The paper proceeds with background information that motivates the associations being evalu-
ated. The data and methods are then presented, followed by the results of the analysis. The paper
concludes with a discussion of the results.

Background
There are two critical periods of growth. The first occurs in the immediate post-natal period until
around 2 years of age, during which linear growth is at its fastest relative to any other point in life.
Growth inhibition during this period is likely to manifest in shorter-than-potential adult height.
A second period occurs at the pre-pubertal growth spurt, after which height-growth slows consid-
erably until final attainment. The age at which final height is attained varies by sex and resource
availability. In higher-income environments, final height is often reached in the mid- to late-teens,
with girls completing their growth before boys. In lower-resource environments, final height may
not be reached until the early-20s (Deaton 2008). Growth inhibition during the post-natal period
can be somewhat remedied by a delayed growth spurt that leaves more time for growth during the
childhood-adolescent transition, but such “catch-up” growth may not fully reverse early-life
growth problems (Golden 1994; Handa and Peterman 2016). Further, growth deficits can accrue
after the immediate post-natal period, with one study showing about 30% of 5-year height deficits
attributable to growth patterns after 24 months of age (Leroy et al. 2014).

Attained height is a product of genetic and environmental factors. The use of height as a marker
for early-life health is motivated by the influence of environmental factors during the post-natal
growth period. The extent to which this is appropriate depends on the relative contributions of
genetics and environment to final height. Perkins et al. (2016) provide a review of the extant liter-
ature. The following points summarize their findings on the roles of genetics and environment:

1. Environmental factors are suggested to account for 20% or more of variations in attained
height. Twin studies from populations in higher-income countries suggest that about 80% of
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height is inherited, with a few studies from populations in lower-income countries
suggesting less heritability. Other studies that use more comprehensive genetic analyses find
around a 60% genetic component to height. Taken together, these suggest 20-40% of
attained height may be influenced by environment.

2. The most important environmental factor is nutrition. Post-natal nutrition is more impor-
tant that pre-natal nutrition, with protein intake playing a key role. Exposure to disease
interacts with nutrition. Certain diseases (e.g. diarrheal) hinder the absorption of key
nutrients, while others (e.g. respiratory diseases) may redirect energy away from growth
to support the immune response. Bone growth may also be adversely affected by inflam-
matory diseases.

3. Height varies by socioeconomic status. Part of this variation is due to heritability, given that
higher-status parents are more likely to be taller. Part of the variation is also influenced by
environmental conditions in early-life that are likely to vary by socioeconomic status. This
may be more pronounced in lower-income countries, as higher-income countries have a
higher absolute standard of living and have more robust social programs that can help offset
adverse early-life conditions.

This synthesis of previous work suggests that early-life health – characterized by nutritional
status and disease exposure – can account for one-fifth or more of height variation within popu-
lations. The contribution of health to variations in height may be more pronounced in lower-
income countries, where early-life insults are more prevalent and social systems are less robust
in buffering their effects. These points motivate the use of attained height as a marker for
early-life health.

The relationship between attained height and early-life health offers a potential explanation for
the oft-found positive association between stature and educational attainment. This occurs in
populations from higher-income countries (Huang et al. 2015; Meyer and Selmer 1999;
Magnusson et al. 2006) as well as lower- and middle-income countries (Čvorović 2020;
Maurer 2010; Murasko 2019; Victora et al. 2008). In part, that association is a reflection of inter-
generational transmission of socioeconomic status. Parents of higher status are more likely to be
taller, and pass that trait to their children. Further, children from higher-status families are born
into environments that better facilitate linear growth and have access to resources that foster
schooling outcomes.

The majority of studies that link height to education recognize the confounding role of socio-
economic status and control for that characteristic. There remains a generally robust positive asso-
ciation between height and education. Explanations for this vary, with some work positing that
taller children may develop superior non-cognitive/social skills that drive better adult outcomes
(Cinnirella et al. 2011; Persico et al. 2004). Most work, however, seeks to explain the height-
education relationship as a product of superior cognitive development that accompanies the phys-
ical growth derived from a healthy early-life environment. Associations between height and cogni-
tion in childhood have been known for some time (e.g. Porter 1897). Contemporary work that
evaluates populations from higher-income countries has found positive associations between
height and measures of cognitive ability in pre-school children (Heinonen et al. 2008;
Murasko 2013; Yang et al. 2011) and school-aged children (Ahmed et al. 2020; Case and
Paxson 2008; Lawlor et al. 2005; Scholder et al. 2013). Similar findings have been shown for child
populations in lower- and middle-income countries, typically with an emphasis on the effects
from malnutrition and stunting (Grantham-McGregor et al. 2007; Monk and Kingdon 2010;
McCoy et al. 2015; Spears 2012; Sudfeld et al. 2015). Several factors are known to affect both brain
development and physical growth, including pre-natal exposures (e.g. maternal nutrition and
stress) and exposures during infancy (e.g. nutritional intake and disease) (Prado and Dewey
2014; Walker et al. 2011). The dual effects from these exposures may explain findings of a
height-cognition association, which in turn offers a potential explanation for the association
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between height and education outcomes. Indeed, studies that control for measures of cognitive
ability have shown them to explain a substantial part of the height-effect on adult economic
outcomes (Case and Paxson 2008; Schick and Steckel 2015; Vogl 2014).

Given the associations between height and education outcomes found in a number of popu-
lations, and a focus on a height-cognition relationship as a potential mechanism for those asso-
ciations, the final element that motivates the current study is a possible interaction effect between
socioeconomic status and height. There are a few reasons to suggest that such an interaction effect
might exist. First, the cause of shorter height, and therefore the associated consequences, may be
different for lower- versus higher-status families. Shorter height may be more likely a result of less
healthy early-life environments (versus inherited traits) for lower-status children, which would
suggest a higher likelihood of harm to cognitive development. This would suggest a stronger
height-education association for lower-status individuals. Second, productivity and resource
effects may result in differential schooling outcomes for shorter children at different levels of
socioeconomic status. Higher-status parents may be more productive in their child investments
(time spent with children, choices of activities, etc.) or have greater access to interventions (higher
quality medical care or schools) that help mitigate the negative effects associated with shorter
height. This again would suggest a stronger height-education association for lower-status individ-
uals. Though these types of productivity and resource effects are more often studied in populations
from higher-income countries, there is evidence of similar patterns in lower- and middle-income
countries to make them relevant to the population studied in this paper (Jeong et al. 2017).

In sum, a number of studies have identified a positive association between height and education
outcomes, in both higher-income and lower-income countries. One interpretation of this finding
is that height is a marker for early-life circumstances that jointly affect physical and cognitive
development. Such a mechanism may be particularly relevant in lower-income environments
where the potential for undernutrition and disease exposure is greater, and potentially more
severe. Further, there are reasons to suggest that this mechanism may be influenced by relative
socioeconomic status. This background provides context for the proceeding analysis on the asso-
ciation between height and secondary school attendance in young women from developing
regions of the world, with an emphasis on the potential interaction effect between height and
household wealth.

Data and Methods
Data

The data come from the Demographic and Health Surveys (DHS) funded by the US Agency for
International Development (USAID). The DHS are nationally representative, cross-section
surveys administered in countries from Sub-Saharan Africa, Northern Africa/Middle East/
Europe, Latin America and the Caribbean, Central Asia, and South/Southeast Asia. Data is
collected on household characteristics, anthropometry and health outcomes of women and chil-
dren, women’s birth and marital histories, and other lifestyle characteristics. The main sampling
units within households are adolescent/adult women (15-49 years) and young children (<5 years).
Surveys have been conducted since the 1980s in over 90 countries, with most countries having
multiple surveys at different years with different samples. Questionnaires are standardized so that
information is consistent across countries and time periods. Details about the surveys and their
design can be found in ICF International (2012) and Rutstein and Rojas (2006).

The sample used in this study includes young women between the ages of 15 and 18 for whom
data on height, wealth, and schooling is available. This age group is chosen for two reasons. First,
the transition out of primary education and into secondary education usually takes place before
these ages, thereby reducing censoring issues associated with individuals who would still be in
primary school. Second, observed household wealth at these ages is likely to still be reflective
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of conditions during childhood and adolescence, and not influenced by marriage or occupation
outcomes in adulthood. The chosen ages therefore represent a period in which household wealth
and schooling outcomes are assumed to be contemporaneous to each other.

Wealth and education information are available for virtually all women. Height is the limiting
variable for the sample used in this study. DHS began collecting anthropometric measures of adult
women in 1991, so surveys before this year are not included in the sample. Further, there are
countries for which women were never measured, and countries for which they were measured
in certain years but not others. The number of 15 to 18 year old women for which height, wealth,
and schooling information is available comes to just over 365,000. This sample covers 176 indi-
vidual surveys that represent 64 countries at various years between 1991 and 2018. The largest
represented regions are Sub-Saharan Africa (42.6% of all observations, with 19.2% East Africa,
16.2%West Africa, and 7.2% Central/South Africa), South/SE Asia (30.8% of observations, mostly
representing India), and Latin America and the Caribbean (21.7% of observations). The remaining
4.9% of observations are from countries in Europe, North Africa, the Middle East, and Central
Asia. An appendix table lists all countries, their survey years, and sample sizes.

For those surveys that collected anthropometric information, height was measured during the
interview process and recorded in centimetres. The height measure used in this study is a woman’s
centimetres-deviation from the average height of her birth cohort for her specific country. Surveys
were pooled across each country and average heights were calculated for each birth year.
A sampled woman’s height was then compared to the average for her birth cohort and the devia-
tion was calculated. This is referred to as relative height throughout the paper. As an example, the
average height for women surveyed in Colombia and born in 1995 is 155.7cm. A sampled women
from Colombia who was born in that year and has a height of 152cm would therefore be assigned a
relative height value of -3.7cm. This measure indirectly controls for country-level unobservable
characteristics (e.g., differences in population-specific genetic potential), and assumes that a
woman’s outcomes will be more strongly influenced by her height relative to her peers, rather
than across time periods or countries.

An alternate approach would be to assign z-score values relative to a growth reference (e.g. the
World Health Organization (WHO) Growth Reference (de Onis et al. 2007)). These z-scores offer
a standardized height measurement for a woman based on her age. This can be appropriate given
that height-growth can continue through the late-teens, and a growth reference makes it easier to
make comparisons across age groups. However, a key problem for the current analysis is the vari-
ation in heights across global regions. For example, the average height for South/SE Asian women
in the DHS sample is 151.4cm, as compared to 157.4cm for women from West Africa (see
Table 2). This is nearly a full standard deviation difference according to the WHO Growth
Reference. Having height centred at a country cohort-specific average (as described in the
previous paragraph) rather than the average of a global reference makes it easier to compare effects
over the height distributions of women from different regions.

Each survey also includes a wealth index that places households on a distribution relative to
other households in the same survey. DHS statisticians performed a principal components anal-
ysis on a series of household responses to holdings of various physical assets (e.g. car, motorcycle,
television) and the built environment (e.g. type of dwelling, water source). This is used to derive a
wealth distribution for each survey, from which households are placed into quintiles that represent
a household’s wealth relative to other households in the country at the time of the survey. The
wealth index is not relative to households in other countries or years. Details on the wealth index
procedure can be found in Rutstein and Johnson (2004).

Education is provided in the DHS through two measures: years of schooling and highest level of
education attended (no school, primary, secondary, and post-secondary). This analysis uses the
categorical variable with a collapsed top category, yielding three categories of no schooling, highest
level attained primary, and highest level attained secondary or higher. The results are presented
with a focus on the outcome of secondary school attendance, as this is the level that is most
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contemporary to the ages of the sample. However it is useful to examine lesser outcomes as they
can provide insight into the progressions that lead to secondary school, i.e. school-entry decisions
which are most likely to occur in early childhood, versus the progression from primary to
secondary school that occurs in adolescence. Other control variables used in the analysis are
age in months, an indicator for urban residence, country identifiers, and birth year. Sample means
for all analysis variables are provided in Table 1.

Methods

The analysis begins with an evaluation of the association between relative height, wealth, and
school advancement:

Si � f h�Hi� �;Wi; g�agei�; byeari; ci; ci × byeari� (1)

where Si is the categorical variable for highest level of school attendance for woman i, h(Hi) is a
second-degree polynomial of relative height, Wi is a set of wealth quintile indicators (reference =
lowest wealth quintile), g(agei) is a second-degree polynomial of age in months, byeari is birth
year, and ci is a country identifier. Country identifiers are interacted with birth year to allow

Table 1. Sample means

Variable Pooled L. America S/SE Asia E. Africa W. Africa

Secondary Attendance 0.621 0.707 0.770 0.306 0.388

(0.485) (0.455) (0.421) (0.461) (0.487)

Height (cm) 154.081 154.098 151.362 155.397 157.372

(6.864) (6.477) (5.954) (6.676) (6.935)

Wealth quintile:

Lowest 0.187 0.169 0.208 0.175 0.164

(0.390) (0.375) (0.406) (0.380) (0.370)

2nd 0.204 0.199 0.223 0.180 0.182

(0.403) (0.399) (0.416) (0.384) (0.386)

3rd 0.206 0.209 0.216 0.189 0.195

(0.404) (0.406) (0.411) (0.392) (0.396)

4th 0.203 0.215 0.194 0.205 0.207

(0.402) (0.411) (0.395) (0.404) (0.405)

Highest 0.201 0.208 0.160 0.251 0.252

(0.401) (0.406) (0.366) (0.434) (0.434)

Age 16.546 16.484 16.564 16.534 16.557

(1.130) (1.113) (1.130) (1.137) (1.157)

Urban residence 0.379 0.634 0.278 0.269 0.399

(0.485) (0.482) (0.448) (0.443) (0.490)

Birth year 1992.327 1990.190 1995.353 1989.561 1990.838

(6.294) (5.550) (5.266) (6.891) 5.586

N 366,725 72,498 146,988 62,576 45,812

All means adjusted for sampling weights provided by DHS. Standard deviations shown in parentheses.
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for varying cohort trends between countries. Height is entered as a second-degree polynomial to
capture nonlinear effects (e.g. diminishing marginal returns), and age is entered as a second-
degree polynomial to control for potential confounding with height given potential variations
in growth rates over the 15 to 18 year age range of the sample.

A second equation is estimated that includes an interaction term between relative height and
wealth:

Si � f h�Hi� �;Wi; h�Hi� × Wi; g agei
� �

; byeari; ci; ci × byeari� (2)

Equation (2) is used to evaluate variations in height associations over wealth status. Equations (1)
and (2) are estimated by ordered probit regression. Marginal effects are calculated that give the
marginal probabilities of each education level associated with incremental changes in height.
Marginal probabilities are evaluated at height deviations of -9cm, 0cm, and �9cm to identify
any nonlinear patterns over the height distribution. These points cover approximately ±1.5 stan-
dard deviations in height for each region (see Table 1). For equation (2), the marginal probabilities
from height are also evaluated at each wealth quintile, yielding estimated associations between
height and schooling level over the distributions of height and household wealth, from which
comparisons between the highest and lowest quintiles are made.

Both equations are estimated for the pooled sample as well as regional samples for Latin
America, South/SE Asia, East Africa, and West Africa. While Sub-Saharan Africa is often treated
as a singular region, Table 2 (discussed below) indicates that there are notable differences in the
education and height profiles between East Africa and West Africa that motivate their separation
for this analysis. All regressions adjust for women’s sample weights provided with the DHS data.
Standard errors are clustered at the country-level to correct for possible autocorrelation across
survey years.

Results
Sample Descriptions

To provide context for the environments in which the main results should be interpreted, this
section discusses the height-wealth relationships and schooling backgrounds for the samples

Table 2. Schooling and height characteristics by sample

Height by Wealth Quintile Highest Level of Attendance

Height Lowest 2nd 3rd 4th Highest High – Low None Primary Secondary �

Pooled 154.1 152.4 153.2 153.9 154.7 156.1 3.8** 12.9% 25.0% 62.1%

(6.9) (7.0) (6.7) (6.7) (6.6) (6.7)

L. America 154.1 152.1 152.9 153.9 154.9 156.2 4.1** 1.7% 27.6% 70.7%

(6.5) (6.7) (6.4) (6.2) (6.2) (6.2)

S/SE Asia 151.4 149.6 150.7 151.4 152.2 153.5 3.9** 11.2% 11.9% 77.0%

(6.0) (5.7) (5.8) (5.8) (5.8) (6.1)

E. Africa 155.4 154.5 154.9 155.2 155.6 156.3 1.9** 11.9% 57.5% 30.6%

(6.7) (6.9) (6.7) (6.8) (6.6) (6.4)

W. Africa 157.3 156.3 156.5 157.0 157.6 158.7 2.4** 39.7% 21.5% 38.9%

(6.9) (7.0) (6.9) (6.9) (6.8) (6.9)

Standard deviation of height shown in parentheses. All means/percentages adjusted for sampling weights. ** = difference is significant at
p < .001.
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evaluated in this paper. Table 2 shows mean heights for the pooled and regional samples in the anal-
ysis, overall and across wealth quintiles. Women in West Africa are the tallest in the sample with a
mean height of 157.4cm, followed by East Africa (155.4cm), Latin America (154.1cm), and South/SE
Asia (151.4cm). All samples also show taller heights associated with greater household wealth. The
Latin America and South/SEAsia samples show the widest differences between the highest and lowest
wealth quintiles (≈ 4.0cm), with smaller differences in the Africa samples (≈ 2.0cm). At the extremes,
women in the highest wealth quintile of the West Africa sample have a mean height of 158.7cm, and
women in the lowest wealth quintile of the South/SE Asia sample have a mean height of 149.6cm, for
a difference of 9.1cm. Also notable is that women in the lowest wealth quintile of the West Africa
sample are taller than women in the highest quintiles of the Latin America and South/SE Asia
samples, and equal in height to women in the highest wealth quintile in East Africa.

Table 2 also shows education levels for the pooled and regional samples. The highest rates of
secondary attendance are in South/SE Asia (77%) and Latin America (71%). Lower rates are found
in East Africa (31%) and West Africa (39%). There are differences in how young women track
through their schooling across regions. In the Latin America sample, nearly all young women have
at least some schooling, with 28% stopping before secondary school. Young women in South/SE
Asia show higher rates of no schooling (11%), but for those that enter school there is a high rate of
secondary attendance. West Africa shows the highest rate of no schooling among young women at
40%, while East Africa shows the highest rate of stoppage before secondary school at 58%.

Results from Pooled Sample

Tables 3 and 4 show the estimation results of equations (1) and (2) for the pooled sample.
Marginal probabilities are shown that give the change in the probability of each schooling level
associated with an incremental change in relative height at -9cm, 0cm, and �9cm. In Table 3,
marginal probabilities are shown for models estimated with wealth excluded as a control variable
and with wealth included. Also shown are the differences in marginal probabilities between ±9cm
along with their significance levels. In Table 4, marginal probabilities are evaluated at the lowest
and highest wealth quintiles, and their differences calculated. Marginal probabilities have been
multiplied by 100 in both tables.

The marginal probabilities across dependent categories will equal zero. The results are
discussed here with a focus on secondary school attendance in comparison to the lower categories.
From Table 3, marginal probabilities of secondary school attendance associated with incremental
increases in relative height are 0.7% to 0.8% when wealth is excluded as a control, and 0.4% to

Table 3. Estimated marginal probabilities from relative height on education levels, pooled sample

Excluding Wealth Controls Including Wealth Controls

Height None Primary Secondary None Primary Secondary

−9cm −0.473 −0.296 0.769 −0.321 −0.229 0.551

(0.090) (0.044) (0.073) (0.044) (0.043) (0.047)

0cm −0.385 −0.333 0.718 −0.261 −0.231 0.493

(0.070) (0.041) (0.051) (0.026) (0.048) (0.038)

�9cm −0.306 −0.346 0.652 −0.211 −0.223 0.435

(0.056) (0.041) (0.045) (0.022) (0.056) (0.055)

Δ 0.167 −0.050ns −0.117ns 0.110 0.006ns −0.116ns

N= 366,725. Marginal probabilities have been multiplied by 100. Unless otherwise superscripted, all estimates are significant at p < .01.
Δ = difference in marginal probabilities between �9cm and -9cm of relative height. Robust standard errors shown in parentheses.
ns = not significant (p > .05)
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0.6% when wealth is included. This reflects an approximate 30% reduction in marginal probabili-
ties associated with the inclusion of relative household wealth. There is some indication of dimin-
ishing marginal probabilities over relative height, but the differences are modest and not
significant (p > .05). The marginal probabilities on secondary attendance are balanced about
equally across the lower categories, suggesting a combination of school entry and school progress
as reasons for height association to secondary schooling.

Table 4 presents the results from the height-wealth interaction model. Marginal probabilities from
height are stronger at the highest wealth quintile relative to the lowest for the outcome of secondary
school attendance. The differences range from 0.2% to 0.3% across the points of relative height, with
the largest difference at shorter height. This suggests that incremental changes in height have a
stronger association to secondary school attendance for young women in higher-wealth families rela-
tive to their lower-wealth counterparts. These wealth differences are balancedmostly with those in the
middle schooling category: marginal probabilities from height on primary school attendance are
negative and stronger at the highest wealth quintile by 0.3% to 0.4%. Marginal probabilities on
no schooling are lower at the highest wealth quintile, but only by a small margin of about 0.1%.

Two robustness checks were implemented. First, the equations were estimated for the pooled
sample without India, the largest contributor of observations to the sample. Second, the potential
influence of early marriage was evaluated by repeating the analyses with additional controls for age
at first marriage (dummy variables for 15 or younger, 16, 17, and 18, with never married being the
reference category). This second check was also implemented on the regional samples discussed
below. The general findings were robust to both checks.

Results from Regional Samples

Table 5 shows the estimated marginal probabilities from height as estimated from equation (1) on
the regional samples. For conciseness, estimates are only shown for the equation with included
wealth controls. It should be noted that there were regional differences in the reduction of
marginal probabilities associated with adding wealth controls. Marginal probabilities from height
were most strongly affected in the South/SE Asia sample, with reductions of 40% to 60%. This is in
contrast to the other regions where reductions were 20% to 30%. As with the pooled sample,
adding wealth controls only affected the magnitudes of association and did not affect the pattern
of marginal probabilities over points of relative height.

All regions show significant height effects on schooling outcomes. Again focusing on secondary
school attendance, the strongest height effects are found in the Latin America sample, which also

Table 4. Estimated marginal probabilities from relative height on education levels according to wealth, pooled sample

None Primary Secondary

Wealth Quintile Wealth Quintile Wealth Quintile

Height Lowest Highest Δ Lowest Highest Δ Lowest Highest Δ

−9cm −0.406 −0.338 0.068ns −0.085 −0.457 −0.372 0.492 0.796 0.304†

(0.088) (0.065) (0.032) (0.104) (0.071) (0.131)

0cm −0.346 −0.250 0.096† −0.111 −0.455 −0.344 0.457 0.705 0.248†

(0.061) (0.034) (0.031) (0.092) (0.049) (0.077)

�9cm −0.291 −0.174 0.117 −0.125 −0.420 −0.296 0.416 0.595 0.179ns

(0.051) (0.029) (0.037) (0.091) (0.058) (0.080)

N= 366,725. Marginal probabilities have been multiplied by 100. Unless otherwise superscripted, all estimates are significant at p < .01.
Δ = difference in marginal probabilities between highest and lowest wealth quintile. Robust standard errors shown in parentheses.
† = p < .05; ns = not significant (p > .05)
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shows the strongest diminishing marginal probabilities. The marginal probability associated with
a relative height of −9cm is estimated at 1.2%, compared to 0.5% at�9cm. South/SE Asia shows a
similar pattern but at reduced magnitudes. The marginal probability from height is estimated at
0.6% at −9cm and diminishes to 0.2% at�9cm. Differences between ±9cm are significant for both
regional samples, and the patterns are consistent with the pooled sample. The African samples
show distinct patterns. Marginal probabilities from height on secondary schooling are relatively
flat in East Africa at around 0.4%. For the West Africa sample, marginal probabilities are
increasing with height, from 0.4% at −9cm to 0.7% at�9cm. This difference is marginally signifi-
cant (p= 0.02).

The balance of marginal probabilities also varies across regions and seems to relate to the
overall distribution of education levels in those populations (refer to Table 2). For Latin
America, where nearly all women report having some formal schooling, the positive marginal
probabilities from height on secondary schooling are mostly balanced with negative probabilities
on primary schooling. For West Africa, the region that shows the highest level of no formal
schooling, the positive marginal probabilities from height on secondary schooling are balanced
mostly with negative probabilities on no formal schooling. The samples from South/SE Asia
and East Africa show more equitable balance between the marginal probabilities on secondary
schooling and those at the lower levels. Recalling from Table 2, the South/SE Asia sample has
secondary rates that are high and comparable to Latin America, but has higher rates of no formal
schooling. East Africa has lower rates of secondary schooling, but higher rates of primary atten-
dance and lower rates of no schooling relative to West Africa.

Tables 6a and 6b shows the results from equation (2) as estimated on the regional samples. All
regions exhibit some pattern of wealth interactions, but the patterns are distinct. For the Latin

Table 5. Estimated marginal probabilities from relative height on education levels, regional samples

Latin America (N= 72,498) South/SE Asia (N= 146,988)

Height None Primary Secondary None Primary Secondary

−9cm −0.205 −0.975 1.180 −0.368 −0.205 0.573

(0.041) (0.093) (0.117) (0.025) (0.059) (0.068)

0cm −0.096 −0.726 0.822 −0.236 −0.156 0.392

(0.018) (0.048) (0.057) (0.018) (0.052) (0.063)

�9cm −0.044 −0.477 0.522 −0.141 −0.104 0.245

(0.010) (0.059) (0.066) (0.019) (0.044) (0.061)

Δ 0.161 0.497 −0.658 0.227 0.101 −0.328

Height

East Africa (N= 62,576) West Africa (N= 45,812)

None Primary Secondary None Primary Secondary

−9cm −0.317 −0.142 0.459 −0.414 0.012† 0.402

(0.028) (0.021) (0.044) (0.055) (0.005) (0.052)

0cm −0.237 −0.183 0.420 −0.511 −0.016 0.527

(0.024) (0.028) (0.045) (0.041) (0.002) (0.041)

�9cm −0.174 −0.192 0.366 −0.589 −0.064 0.653

(0.040) (0.055) (0.091) (0.071) (0.014) (0.082)

Δ 0.143 −0.050ns −0.093ns −0.175ns −0.076ns 0.251†

Marginal probabilities have been multiplied by 100. Unless otherwise superscripted, all estimates are significant at p < .01. Δ = difference in
marginal probabilities between �9cm and -9cm of relative height. Robust standard errors shown in parentheses. † = p < .05; ns = not
significant (p > .05).
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Table 6a. Estimated marginal probabilities from relative height on education levels according to wealth, regional samples

Latin America (N= 72,498)

None Primary Secondary

Wealth Quintile Wealth Quintile Wealth Quintile

Height Lowest Highest Δ Lowest Highest Δ Lowest Highest Δ

−9cm −0.442 −0.120 0.322 −0.602 −1.868 −1.266 1.044 1.988 0.944

(0.089) (0.039) (0.070) (0.270) (0.113) (0.301)

0cm −0.245 −0.020 0.225 −0.601 −0.896 −0.295 0.846 0.916 0.070ns

(0.044) (0.005) (0.051) (0.071) (0.068) (0.072)

�9cm −0.131 −0.004 0.127 −0.470 −0.353 0.117ns 0.601 0.357 −0.244†

(0.027) (0.001) (0.056) (0.042) (0.073) (0.042)

South/SE Asia (N= 146,988)

None Primary Secondary

Wealth Quintile Wealth Quintile Wealth Quintile

Height Lowest Highest Δ Lowest Highest Δ Lowest Highest Δ

−9cm −0.636 −0.183 0.454 −0.156 −0.240 −0.084ns 0.793 0.423 −0.370

(0.049) (0.034) (0.050) (0.089) (0.055) (0.119)

0cm −0.433 −0.115 0.318 −0.152 −0.182† −0.030ns 0.585 0.297 −0.288

(0.034) (0.025) (0.058) (0.085) (0.079) (0.108)

�9cm −0.270 −0.070 0.200 −0.116ns −0.131ns −0.015ns 0.387 0.201† −0.185

(0.061) (0.015) (0.065) (0.069) (0.122) (0.083)

Marginal probabilities have been multiplied by 100. Unless otherwise superscripted, all estimates are significant at p < .01. Δ = difference in marginal probabilities between highest and lowest wealth quintile.
Robust standard errors shown in parentheses. † = p < .05; ns = not significant (p > .05)
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Table 6b. Estimated marginal probabilities from relative height on education levels according to wealth, regional samples

East Africa (N= 62,576)

None Primary Secondary

Wealth Quintile Wealth Quintile Wealth Quintile

Height Lowest Highest Δ Lowest Highest Δ Lowest Highest Δ

−9cm −0.142ns −0.361 −0.220ns 0.055ns −0.968 −1.022 0.087ns 1.329 1.242

(0.110) (0.049) (0.044) (0.079) (0.067) (0.105)

0cm −0.069ns −0.182 −0.113ns 0.024ns −0.953 −0.977 0.045ns 1.135 1.090

(0.068) (0.025) (0.024) (0.080) (0.044) (0.096)

�9cm −0.001ns −0.091 −0.091ns 0.001ns −0.779 −0.779 0.001ns 0.870 0.870

(0.116) (0.018) (0.039) (0.149) (0.076) (0.164)

West Africa (N= 45,812)

None Primary Secondary

Wealth Quintile Wealth Quintile Wealth Quintile

Height Lowest Highest Δ Lowest Highest Δ Lowest Highest Δ

−9cm −0.188ns −0.587† −0.399ns 0.073ns −0.159 −0.232 0.114ns 0.746 0.632†

(0.106) (0.242) (0.047) (0.039) (0.061) (0.279)

0cm −0.294 −0.726 −0.432 0.107 −0.318 −0.425 0.187 1.043 0.857

(0.076) (0.105) (0.031) (0.041) (0.051) (0.140)

�9cm −0.407 −0.713 −0.305 0.133 −0.505 −0.638 0.274 1.217 0.943

(0.116) (0.059) (0.035) (0.053) (0.089) (0.094)

Marginal probabilities have been multiplied by 100. Unless otherwise superscripted, all estimates are significant at p < .01. Δ = difference in marginal probabilities between highest and lowest wealth quintile.
Robust standard errors shown in parentheses. † = p < .05; ns = not significant (p > .05)
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America sample, the marginal probability from height on secondary schooling is higher for high-
wealth women at short relative height (−9cm), but is lower for high-wealth women at tall relative
height (�9cm). For high-wealth women, the marginal probability from height is 0.9% higher at
−9cm relative to low-wealth women, and is 0.2% lower at �9cm. This is driven by a large wealth
difference in height effects among shorter women on primary schooling, where the marginal prob-
ability from height is 1.3% lower at high wealth relative to low wealth. These results suggest that
wealth differences in the association between relative height and passing through to secondary
schooling are strongest for shorter women in Latin America.

High-wealth women in the South/SE Asia sample show weaker marginal probabilities from
height on secondary schooling relative to their low-wealth counterparts, with somewhat stronger
differences at short heights. The marginal probability from height is 0.4% lower at high-wealth for
shorter women, and 0.2% lower for taller women. These wealth differences are mirrored in the
patterns of no formal schooling, where low-wealth women show stronger marginal probabilities
from height (0.2% to 0.5%). Wealth differences in height effects on primary schooling are small
and not significant. In general, associations between relative height and secondary schooling are
stronger in low-wealth women for the South/SE Asia sample, reflecting patterns of school entry
rather than school progress.

The East Africa sample shows the strongest wealth differences in height effects on secondary
schooling. Marginal probabilities from height are 0.9% to 1.2% higher in high-wealth women than
low-wealth women. The marginal probabilities from height on secondary schooling among high-
wealth women are mostly balanced with height effects on primary schooling, similar in pattern to
the Latin American sample. Wealth differences in height effects are smaller and not significant for
the outcome of no schooling. It is also noteworthy that height effects are not significant for low-
wealth women at any schooling level. For women in East Africa, the results suggest that the asso-
ciation between relative height and secondary schooling manifests at higher levels of wealth, with
little association at the lowest levels. They also suggest that the wealth differences relate to school
progression between primary and secondary school, rather than school entry.

Women in the West Africa sample also show stronger height effects at high wealth. Marginal
probabilities from height on secondary schooling are 0.6% to 0.9% higher among high-wealth
women compared to low-wealth women. Unlike the other regional samples, wealth differences
are larger at taller heights for West Africa. Also unlike the other regions, the marginal probabilities
from height on secondary schooling are not generally balanced disproportionally with a single
lower level. The exception is a wider wealth gap at primary schooling for taller women (0.6%,
versus 0.3% at no schooling). The results suggest that, similar to East Africa, the association
between relative height and secondary schooling is stronger for high-wealth women in West
Africa. In contrast to East Africa, these wealth differences are more evenly balanced with differ-
ences at lower schooling levels, and tend to be stronger at taller heights.

Discussion
This study evaluated a large and wide-reaching sample of young women in lower- and middle-
income countries for associations between height and schooling outcomes. There were two focus
areas. The first focus was on the direct association between height and secondary school atten-
dance, which represented the schooling outcome closest to the ages of the sampled women (15 to
18 years). Taller height relative to birth cohort averages was associated with higher probability of
educational attainment at or above the secondary level. This result held for pooled and regional
samples. Marginal probabilities were shown to decrease over the height distributions of Latin
America and South/SE Asia, but were flat for East Africa and increased with height in West
Africa. Controlling for relative household wealth reduced the magnitudes of association in all
samples but did not affect the patterns of association over the height distributions.
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The positive associations between height and secondary school attendance were balanced with
negative associations to lower attainment levels, and these were suggested to reflect the education
distributions of the regional samples. In Latin America, where nearly all sampled women had
some formal schooling, height was most strongly associated with progress between primary
and secondary schooling. In West Africa, the region with the highest rates of no formal schooling,
the positive association between height and secondary attendance was mostly balanced with a
negative association between height and formal school entry. South/SE Asia and East Africa exhib-
ited more equal balance in the associations between height and the three levels of education
attainment.

One interpretation of the height-schooling associations is that early-life health, as characterized
by nutritional status and disease exposure, affects both physical and cognitive development that
has lasting impact on schooling success. This can manifest at younger ages, when children in
certain populations face a stronger sorting mechanism into formal schooling, and at older ages
as children progress through national school systems. This interpretation would be consistent with
previous work that links early-life growth to cognitive outcomes, and that shows an explanatory
effect from cognitive scores on empirical associations between height and adult economic
outcomes. The DHS data lacks retrospective information on early-life circumstances and does
not provide cognitive assessments of sample women. Therefore direct testing of this hypothesis
is not possible and the interpretation remains as conjecture.

Further insight may be gained by looking at the regional variations in the height-schooling
associations. If the height-schooling association is a reflection of the effects from early-life health,
then it might be expected that the strongest effects would be found at shorter heights, and in
particular for those in the lowest-resource populations. This was not reflected in the regional
samples of this study. For the East and West Africa samples, which (on average) reflect the
lowest-resource populations of the regional samples, marginal probabilities from height on
schooling were flat or increasing. Indeed, the strongest height associations were identified for
shorter women in the Latin America sample, which includes the highest-resource populations
among the regional samples. These results may seem counterintuitive, but they may also be consis-
tent with survivability effects. Early-life nutritional and disease insults that occur in lower-
resource environments may be more likely to result in death, leaving the heights of survivors
to be a stronger reflection of genetic influence. As a consequence, children in those environments
who would be most at risk of poorer physical and cognitive development do not survive to adoles-
cence, and therefore would not be represented in the samples. While a direct test of this explana-
tion is beyond the scope of this study, it is consistent with magnitudes and patterns of marginal
probabilities across regional samples, with diminishing marginal probabilities exhibited by the
relatively higher-resource populations (Latin America and South/SE Asia) and flat/increasing
marginal probabilities among the lower-resource populations (East and West Africa).

The second focus of this study was on potential socioeconomic differences in the height-
schooling association. It was suggested in the Background section that higher-wealth families
may be better able to mitigate the effects of poorer early-life health with greater access to resources
and higher productivity in child investments. This would be consistent with a finding that a
height-schooling association is stronger among lower-wealth women in the study sample.
Such a finding was found for the South/SE Asia sample and for taller women in Latin
America. For the South/SE Asia sample, wealth differences were balanced between secondary
schooling and no schooling, suggesting that resource availability at higher wealth may provide
an advantage by securing school entry. There were no indicated wealth interactions with height
at the level of primary schooling. The wealth interactions for taller women in Latin America were
modest and balanced across all education levels, though not significant at primary schooling.

For both African samples and women in Latin America who were at average height and below,
the wealth-height interactions suggested that height associations to schooling were stronger
among higher-wealth women. This may be explained in a few ways. First, the African samples
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may reflect survivability effects as discussed previously. Low-wealth in those regions would be
associated with environments that carry some of the highest early-life mortality risk among
the DHS-represented populations. If the low-wealth samples for those regions have selected
out those whose height would have been a stronger marker of early-life health, then it would result
in a weaker height-schooling association. In contrast, the sample of high-wealth women may
include a higher proportion of children who were exposed to early-life health insults but survived
due to greater resource availability. The inclusion of those children in the sample would result in
more height variation in schooling outcomes.

A second explanation is that the results are reflective of variations in schooling opportunities.
Those in low-wealth environments may have greater difficulty in school access, whether at the
primary or secondary level. A lack of access would weaken any sorting mechanism since there
is little outcome variation on which to sort. Again, this would be reflected in weaker height-
schooling associations.

There are a few caveats to consider in drawing inferences from the results of this paper. In
terms of representativeness, certain countries tend to dominate the regional samples. An
appendix gives details on the numbers of observations but a general description is offered here.
The most severe case is South/SE Asia, where among the seven represented countries, obser-
vations from India surveys make up 84.2% of that regional sample. The Latin America sample
is represented by ten countries, with most observations (59.7%) coming from Andean countries
(Bolivia, Colombia, and Peru) and the remaining observations coming from Central American
and Caribbean countries. There is no representation from southern countries in South
America. Each African sample has twelve countries, with East Africa a bit more balanced than
West Africa. Ethiopia makes up 16.5% of the observations in the East Africa sample and
Nigeria makes up 29.1% of the observations in the West African sample. Most other countries
generally contribute 4-10% each. In light of these sample distributions, it is important to note
that the results of this study reflect regional variations inasmuch as the country distributions in
those samples can be generalizable. Further, as to the pooled sample itself, which is intended to
allow a robust description of height associations to schooling outcomes in lower- and middle-
income countries, its representativeness is limited to the country distributions shown in the
appendix.

Secondly, the empirical methods used in this study do not provide for causal interpretations of
the associations between height, socioeconomic status, and schooling outcomes. While the results
are consistent with the early-life mechanism discussed above, other interpretations cannot be
ruled out. One alternate explanation is that the wealth variable does not sufficiently capture
relative socioeconomic status and that the associations from height and their interactions
with the wealth variable are a result of measurement error. Regional variations in the height
and height-wealth associations may be reflections of how socioeconomic status varies in its effect
on schooling outcomes, rather than variations in the effects of early-life health and survivability.
It may also be the case that some non-health factor related to height, including non-cognitive skills
as referenced in the Background section, is driving the associations found in this paper. The DHS
data does not have information on more conventional measures of socioeconomic status (parental
education or family income) nor any information on skills. This precludes any investigation into
these alternate interpretations, but offers direction for future work.

Third, findings of this study may be specific to women. Male-female differences in early-life
health outcomes and schooling access may limit the generalizability of this study’s findings to male
populations. For example, the prevalence of early-life mortality and growth limitation tends to be
higher in males, though with some regional variation (Thurstans et al. 2020). Further, while much
of the world has attained relative male-female parity in primary and secondary schooling, there
remain many countries – particularly in Africa – where females lag males in school attendance
(UNICEF 2020). Determining the extent to which the findings of this study are comparable to
male populations in similar environments is left to future work.
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Finally, the marginal probabilities associated with incremental height in this study are modest,
as were the wealth differences in marginal probabilities, amounting to a few percentage-points
difference in schooling outcomes over multiple standard deviations in relative height and between
extremes of relative wealth. Still, modest marginal improvements in early-life health outcomes
may translate into meaningful effects on schooling outcomes for large populations, and conse-
quently on population productivity. The extent to which the results of this study are economically
significant depends on the underlying mechanisms of the height-schooling associations and the
degree to which any causal mechanisms are malleable to intervention.

Despite these caveats, the results of this study contribute to the existing literature by providing
estimates of a height-schooling association in young women from a large number of lower- and
middle-income countries. It further adds to existing work by considering differential associations
across levels of socioeconomic status. While the height-schooling relationship may be an artifact
of the influence from early-life health circumstances, it may also be affected by differences in
health and education environments, as suggested by variations across regions and height-wealth
interactions within regions. The findings of this study and others should benefit from further
exploration of the potential interactions between early-life development, resource environments,
and education outcomes.
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APPENDIX: List of Country Surveys and Sample Sizes

Region/Country Survey Years N

East Africa

Burundi (BU) 2010-11, 2016-17 2,638

Ethiopia (ET) 1992, 1997, 2003, 2008 10,297

Kenya (KE) 1993, 1998, 2003, 2008-09, 2014 5,359

Comoros (KM) 1996, 2012 1,057

Madagascar (MD) 1997, 2003-04, 2008-09 3,107

Malawi (MW) 1992, 2000, 2004, 2010, 2015-16 7,135

Mozambique (MZ) 1997, 2003, 2011 4,809

Rwanda (RW) 2000, 2005, 2010, 2014-15 5,755

Tanzania (TZ) 1991-1992, 1996, 2004-05, 2010, 2015-16 6,434

Uganda (UG) 1995, 2000-01, 2006, 2011, 2016 3,695

Zambia (ZM) 1992, 1996, 2001-02, 2007, 2013-14 6,148

Zimbabwe (ZW) 1995, 1999, 2005-06, 2010-11, 2015 6,142

West Africa

Burkina Faso (BF) 1993, 1998-99, 2003, 2010 3,911

Benin (BJ) 1996, 2001, 2006, 2011-12, 2017-18 7,209

Cote d’Ivoire (CI) 1994, 1998-99, 2011-12 1,786

Ghana (GH) 1993, 1998, 2003, 2008, 2014 2,580

Liberia (LB) 2007, 2013, 2019-20 1,776

Guinea (GN) 1999, 2005, 2012, 2018 1,898

(Continued)
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(Continued )

Region/Country Survey Years N

Mali (ML) 1995-1996, 2001, 2006, 2012-13, 2018 5,820

Niger (NI) 1998, 2006, 2012 2,248

Nigeria (NG) 2003, 2008, 2013, 2018 13,323

Sierra Leone (SL) 2008, 2013, 2019 2,002

Senegal (SN) 2005, 2010-11, 2015-16 2,358

Togo (TG) 1998, 2013-14 901

Central/South Africa

Cameroon (CM) 1998, 2004, 2011, 2018-19 2,721

Central African Republic (CF) 1994-95 218

Chad (TD) 1996-97, 2004, 2014-15 2,746

Congo (CG) 2005, 2011-12 2,158

Congo Democratic Republic (CD) 2007, 2013-14 2,385

Gabon (GA) 2000, 2012 1,310

Lesotho (LS) 2004, 2009, 2014 2,136

Namibia (NM) 1992, 2006-07, 2013 2,555

Sao Tome and Principe (ST) 2008-2009 432

South Africa (ZA) 2016 469

Swaziland (SZ) 2006-07 1,000

Northern Africa/West Asia/Europe

Albania (AL) 2008-09, 2017-18 2,651

Armenia (AM) 2000, 2005, 2015-16 2,357

Azerbaijan (AZ) 2006 1,169

Egypt (EG) 1992, 1995, 2000, 2005, 2008, 2014 2,129

Jordan (JO) 1997, 2002, 2007, 2012, 2017-18 497

Moldova (MB) 2005 1,121

Morocco (MA) 1992, 2003-04 2,749

Turkey (TR) 1993, 1998, 2003, 2013 1,456

Central Asia

Kazakhstan (KK) 1995, 1999 816

Kyrgyz Republic (KY) 1997, 2012 1,913

Tajikistan (TJ) 2012, 2017 3,096

Uzbekistan (UZ) 1996 767

South/Southeast Asia

Bangladesh (BD) 1996-97, 1999-00, 2004, 2007, 2011, 2014, 2017-18 5,994

Cambodia (KH) 2000, 2005-06, 2010-11, 2014 6,046

India (IA) 1998-99, 2005-06, 2015-16 123,695

Maldives (MV) 2009, 2016-17 784
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(Continued )

Region/Country Survey Years N

Nepal (NP) 1996, 2001, 2006, 2011, 2016 5,007

Pakistan (PK) 2012-13, 2017-18 297

Timor-Leste (TL) 2009-10, 2016 5,165

Latin America and the Caribbean

Bolivia (BO) 1994, 1998, 2003, 2008 6,295

Brazil (BR) 1996 229

Colombia (CO) 1995, 2000, 2005, 2010 13,074

Dominican Republic (DR) 1991, 1996, 2013 3,364

Guatemala (GU) 1995, 1998-99, 2014-15 4,941

Guyana (GY) 2009 747

Haiti (HT) 1994-95, 2000, 2005-06, 2012, 2016-17 6,863

Honduras (HN) 2005-06, 2011-12 7,898

Nicaragua (NC) 1998, 2001 5,147

Peru (PE) 1991-92, 1996, 2000, 2004-06, 2007-08, 2009, 2010, 2011, 2012 23,940

Total 366,725
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