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Abstract

This study develops the concept of nutritional mobility, defined here as the probability that a mother
ranked low in her cohort’s height distribution will have a child who attains a higher rank order. We
demonstrate that rank-order regression provides a robust metric of health equity, revealing
differences in opportunities for each child to reach their own growth potential. We estimate four
indicators of nutritional mobility and test for associations between nutritional mobility and various
local economic and environmental factors. Nutritional mobility has improved over time, and the
nutrition environment contributes about 2.86 times as much as a mother’s height to her child’s
expected rank in height-for-age. Populations with the least mobility are in Latin America, and the
most mobility is in more urbanized areas of Africa and Asia. Rank-order mobility is an important
aspect of health equity, offering valuable insight into the role of socioecological factors in nutrition
improvement across generations.
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Introduction

Human development depends on improvements in socioecological conditions, giving children better
health outcomes than their parents (Case et al. 2005, Martorell and Zongrone 2012, Thompson
2014). This study explores the individual, local, and national factors associated with whether the
children of mothers with shorter stature face the same constraints on linear growth, indicating
persistent disparities in access to nutritional and other determinants of attained height. The use of
rank-order mobility to measure equality of opportunity across generations was pioneered by Chetty
et al. (2014), and has been widely used since then regarding income, wealth and educational
attainment. This paper applies the concept to human health, using attained height to measure the
degree to which socioecological constraints preserve a population’s rank order from generation to
generation.

We define nutritional mobility as the probability that mothers ranked low in their cohort’s height
distribution will have children who attain a higher rank order. Families that migrate from poorer to
wealthier countries are known to experience rapid increases in attained height (Alacevich and
Tarozzi 2017), thereby achieving a higher rank order in the global distribution. This study measures
the degree to which similar intergenerational mobility occurs within countries. Each child’s genetic
potential is inherited from the parents’ genetic potential plus their own random mutation, and
attained height is then determined by interaction with environmental factors (Emanuel et al. 2004).
Transmission of maternal genes implies some transmission of attained height, but populations with
more nutritional mobility have had a greater improvement in equality of opportunity from one
generation to the next, lifting environment constraints related to diet and disease as well as
assortative matching of shorter mothers with shorter fathers (Stulp et al. 2017).

Nutritional mobility in rank order allows us to identify change in health equity from one generation
to the next, complementing past work on intergenerational transmission of many different health
outcomes such as Johnston et al. (2013). By health equity, we mean differences among people in the
magnitude of barriers to achievement of their genetic potential. By improvements in health equity, we
mean greater reductions in a society’s more severe barriers, focusing in this study on constraints that
limit a person’s linear growth. Attained height is well suited to rank order analysis since it varies
continuously over a wide range, and rank order mobility is helpful to distinguish changes in health
equity from the many factors that drive improvements in a population’s average height (Fogel 2004,
Deaton 2013). Previous work on population heights typically focuses on national averages or
prevalence of extremes such as stunting rates, defined as the fraction of children whose height falls
below two standard deviations below the median height-for-age of a healthy reference population
(HAZ<-2). Many studies also use attained height to identify differential impacts of socioecological
conditions, such as sex-specific vulnerability to climate shocks (Maccini and Yang 2009, Mulmi et al.
2016). Our goal is to measure change in health equity, as a distinct dimension of interest to many
policymakers (Ottersen et al. 2014), and to do so regarding a health outcome known to be closely
associated with many diverse aspects of human development including cognitive ability and future
earnings (Case and Paxson 2008).

In our framework, absolute upward mobility is the expected height-for-age rank of children whose
mothers have a low rank, such as the 25" percentile, and relative mobility is the expected difference in
rank between children whose mothers are at the bottom and the top of their cohort’s distribution.
These indicators should be interpreted in the context of other indicators of well-being, because
being taller is not itself a sign of good health; height is of special interest only because it offers a way
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to measure a kind of deprivation relative to genetic potential which is associated with many other
outcomes (e.g. Dewey and Begum 2011; Bhalotra & Rawlings 2013; Frongillo et al. 2019). In this
case, mobility in attained height could be an important indicator for the intergenerational
transmission of well-being in general. Height data also offers some advantages relative to income,
expenditure, wealth, or education to quantify a society’s equality of opportunity. First, measurement
techniques have been subject to a high degree of scrutiny and improvement over successive survey
years since Sommerfelt and Boerma (1994), and the data we use were collected using highly
standardized methods producing high-quality data (Assaf et al. 2015; Pullum et al. 2020). Second,
potential height is known to have no significant differences across racial or ethnic groups, making it
a useful benchmark for health equity (WHO 20006, Garza et al. 2013). Third, heights are measured
using continuous variables which helps mitigate empirical challenges with coarse data such as years
of schooling (Asher et al. 2020). Fourth, there is no censoring at zero or need to impute values as
might arise when studying income or wealth (Chetty et al. 2014). Finally, the mother’s measured
adult height fully reflects her lifelong attainment (Dewey and Begum 2011), whereas income and
wealth fluctuate and have many other measurement issues (Emran and Shilpi 2018, 2019).

Using rank order of height to measure intergenerational mobility has some advantageous features
but also has limitations of its own. Most importantly, data quality in the surveys we use does vary
somewhat across countries and years (Assaf et al. 2015, Pullum et al. 2020, Finaret & Hutchinson
2018), so for this study we use only within-survey differences in rank order between mother and
child, and do not merge surveys to examine health equity at the global level. Also, the surveys we use
are nationally representative but may face selection bias and low power among the most under-
served populations (Comandini et al. 2016), so for this study we use only the overall national
distribution and do not focus on subgroup differences as in Asher et al. (2020). Third, there remains
the possibility of statistical artifacts associated with the birth dates needed to compare child heights
(Agarwal et al. 2017, Larsen et al. 2019, Finaret and Masters 2019a), so for this study we pool all
birth months to ensure no effect of artifactual seasonality. One contribution of our study is to test
the robustness of rank-order regression compared to direct tests of intergenerational transmission in
the level of each variable, as in Alesina et al. (2019) for education in Africa, and other ways of
measuring intergenerational transmission, as done by Chetty et al. (2016) in their work on incomes
and life expectancy in the United States. Focusing on intergenerational change provides insights into
health equity beyond horizontal inequality between groups at any one point in time (Canelas and
Gisselquist 2018), and focusing on individuals’ rank in their national distribution is helpful in the
context of multiple disparities, taking account of each child’s circumstances at the intersection of
their demographic identity, geographic location, parents’ education and many other factors (Krishna
et al. 2015).

To our knowledge this is the first study to investigate rank order mobility in height. The work is
purely descriptive, as any causal analysis would require a source of exogenous variation in the child’s
growth environment as in Bevis and Villa (2020). Our aim is to establish stylized facts about the
empirics of rank-order correlation in attained height. The highest potential correlation we might
observe would be in countries with extreme and persistent inequities between groups, each facing
different degrees of harm that limits the attained height of each mother-child dyad. In those high-
transmission societies, if barriers are lifted the correlations would decline over time and could go
below zero to become negative. The lowest correlations would therefore be in places where extreme
inequities had recently been removed, so that children of low-ranked mothers also reach their
genetic potential and may be taller than the children of high-ranked mothers. Over time, such a
population would see an increase in intergenerational transmission as more mothers achieve their
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own genetic potential, leading to positive correlation especially if shorter mothers choose assortative
mating. Comparing across populations, the potential gradient in transmission associated with
reduced disparities over time could be an asymmetric U, with lower correlation as disparities are
removed followed by an upturn in transmission once the mothers’ generation has reached its full
potential height. The possible range of variation in nutritional mobility reveals it to be a dynamic
phenomenon, with implications beyond that of average heights.

Background

This study builds on two kinds of literature, linking the intergenerational transmission of health to
the environmental and genetic determinants of child growth.

Intergenerational transmission of health

Many studies in pediatrics, nutrition, and economics estimate the relationships between parent and
child health outcomes. Intergenerational determinants of health refer to the conditions experienced
by one generation that relate to the health and development of subsequent generations (Martorell
and Zongrone 2012). These linkages are caused by genetics and gene-environment interactions in
utero and early childhood (Addo et al. 2013). Parents pass on their genotypes that may have
attributes affecting heights of their children. Parents also pass on aspects of their phenotypes, and if
parents are exposed to adverse circumstances before or during conception, offspring may be
negatively affected (Barker 1990). Finally, parents who have worse nutritional status may face greater
constraints to caring for their own children, due to increased morbidity from infectious or non-
communicable disease, reduced labor productivity, or cognitive effects (Venkataramani 2011).

Children born into an environment that is not conducive to health are less likely to overcome poor
maternal health status (Bhalotra and Rawlings 2013). Eriksson et al. (2014) use Blinder-Oaxaca
decomposition analysis to measure disparities in intergenerational health transmission between rural
and urban areas of China, finding stronger anthropometric associations between parents and
children in urban areas. There may be heterogeneity in the transmission of health across groups, but
for child heights at birth Addo et al. (2013) find no difference in the linkages between mother height
and child height across study sites which included Brazil, Guatemala, India, the Philippines, and
South Africa. The present study extends the literature on intergenerational transmission of health
and child mortality, which includes investigations of birth weight (Currie and Moretti 2007; Royer
2009), body mass index (Classen and Thompson 2016, Dolton and Xiao 2017; Dolton and Xiao
2015), and heights in Vietnam (Venkataramani 2011).

Existing work on intergenerational transmission of body size has focused more on BMI and weights
(Costa-Front and Gil 2013; Krishna et al. 2015) than on heights. Bhalotra and Rawlings (2011) use
child HAZ as an outcome variable and find that various aspects of maternal nutritional status such
as BMI and anemia are important determining factors, which suggests that reduced investment in
the nutritional status of girl children has impacts across generations. When child linear growth is the
outcome of interest, mid-parental height is used as a main explanatory variable (Wright and
Cheetham 1999). The Young Lives Study on intergenerational wealth and health transmission found
only small effects of improvements in parental consumption and educational attainment on child
heights, with models having predictive power ranging from just 17% in Ethiopia to 37% in Peru
(Behrman et al. 2017). Given their results, the authors argue that efforts to reduce poverty and
improve human capital development will take sustained work over many years, as opposed to being
able to spur improvements with a one-time program or project. Other work on intergenerational
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transmission of health from mothers to children in India focuses on binary outcomes such as
mortality, stunting, and wasting, and finds that maternal heights measured in centimeters is
negatively associated with child stunting (Subramanian et al. 2009).

Environmental and genetic determinants of child growth

Many characteristics of the human growth environment confound the relationship between parent
height and child height. This study aims to distinguish social from genetic determinants of child
growth by studying children in relation to their peers and separately in relation to their parents.
Household, community, and environmental circumstances that are more favorable to child growth
would break the intergenerational transmission of nutritional status, leaving only genetic differences
to account for similarities in height between parent and child. Normal genetic variation in attained
height has been established by the World Health Organization’s Multicenter Growth Reference Study
(MGRS), for which healthy children of diverse parents raised under ideal health-care conditions in
various environments around the world were included (WHO 20006; Garza et al. 2013). By exploring
transmission of nutritional status within the parent height distribution, changes to child rank can be
attributable to the growth environment. Parent height distributions can also be studied within the
grandparent height distribution, as in Emanuel et al. (2004) in the U.S. context. Emanuel et al. (2004)
find that maternal grandmother’s heights is a determinant of maternal height, and use the R* values
of their models as evidence that the variability in the height outcomes is being captured by all
included covariates.

Twin studies, studies of adopted children (Thompson 2014), studies that utilize anthropometric data
from extended family members (Black and Devereux 2010), and instrumental variables estimates
(Bevis and Villa 2020; Venkataramani 2011) can help address challenges with causal inference for
studying intergenerational health (Black and Devereux 2010). Global meta-twin studies have found
that the relative contributions of genetics to the environment increases as children age, and that
these genetic influences depend on child sex (Dubois et al. 2012, Jelenkovic et al. 2016). At the
biochemical level, studies can directly analyze the impacts of genes on child heights (Paternoster et
al. 2011) and child weights (Li et al. 2018, Warrington et al. 2013). Collecting data on twins,
adoptees, or of genetic polymorphisms costly and logistically challenging, and datasets do not
necessarily include important household and community-level characteristics, which are the main
sources of variation in child and adult heights (WHO 2006; Garza et al. 2013). Given current
challenges to studying the gene-environment nexus, examining observational data with a new
empirical strategy may be helpful and allow for a global perspective.

Data and empirical strategy

We compiled 77 recent DHS surveys from 49 countries around the world, from which we used all
mother-child dyads for which heights were measured, focusing on children who were at least 24
months of age. The DHS are nationally representative surveys for which the respondent is a woman
of childbearing age (ICF International 2005-2018). Detailed information about each respondent, her
children and their household is collected in a single visit, in repeated cross-sections of every country
about every five years through a collaboration between national Ministries of Health and the U.S.
Agency for International Development (USAID) managed by ICF International.

Several variables for children and their mothers were used directly or constructed using the height
data available from the DHS to account for both absolute and relative disparities in heights: height
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in centimeters, the natural logarithm of height in centimeters, height-for-age difference using the
WHO child growth reference (Leroy et al. 2015), height-for-age z-scores, the percentile rank in
height-for-age z-score within cohorts, and the actual minus the predicted HAZ rank for children.
For rankings indicators, children were ranked against others who shared their year and country of
birth. Mothers were ranked against other mothers who had children born in the same year and
country as their own children. By construction, these percentile-ranking variables have a uniform
distribution which ranges from 0-100, where a child ranked at 40, for example, would be taller for
their age, sex, birth year, and country of birth than 40 percent of his or her cohort.

The first step for analysis was to explore the sensitivity of intergenerational nutrition mobility
estimates to different variable formats and sub-samples. We did this by estimating univariate
regressions of the different child height variables on the different maternal height variables under
several sub-samples of the dataset. We then calculated the range and standard deviations of the
estimated coefficients across these sub-samples and within a given height variable formats. The
ranges and standard deviations of the estimated coefficients are an indicator of how sensitive each
height variable format is to changes in the sub-sample used. The larger the ranges and standard
deviations are, the less stable the coefficient estimates are across different sub-samples and variable
definitions.

Within rank-order regressions, we also visualized how much the estimated coefficient between
mother child height depended on child age, the inclusion of covariates, and the sample size. To do
this, we constructed a specification chart (Figure 1) where each point represents a run of the model
with the given features as well as the 90% and 95% confidence intervals around each estimate. This
chart was made using code adapted from Hans Sievertsen (2019) which he has generously made
available on GitHub. The blue point in the figure is the unadjusted bivariate association between
child percentile rank and mother’s percentile rank in HAZ. There is a high degree of consistency
across model specifications, even for vastly different sample sizes running between 10,000 and
389,000 observations. Confidence intervals are narrower as sample size increases as would be
expected, and the estimated beta coefficient between child and maternal rank in HAZ increases
slightly in magnitude as maternal controls are added in the latter three models. Estimates of the beta
coefficient between child and maternal rank in HAZ have a mean of 0.238 and a standard deviation
of 0.020, with a range of 0.185 to 0.267. There are no appreciable differences in estimated
coefficients between age groups of children. When measuring child and maternal height by HAZ
and not ranks, the standard deviation of the estimated coefficients is greater, at 0.029, and the range
is wider, between 0.237 and 0.372 across the same sets of specifications.
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The next step was to use the most stable height variable formats — the percentile rank in HAZ for
mothers and their children — to construct nonparametric visualizations of nutrition mobility. Using a
nonparametric visualization can help determine the best estimator and functional form for
subsequent parametric estimates. We construct similar nonparametric charts for other comparisons
as described below. The visualizations we use are local polynomial smoothing regressions to reveal
differences in nutritional mobility between datasets. As described in Chetty et al. (2014), a 45-degree
line in a chart like Figure 2 would involve a perfect one-to-one matching of a mother’s percentile
rank to her child’s percentile rank, while a horizontal line would imply no correlation at all between
maternal and child outcomes. Figure 2 is a graphical representation of absolute and relative
nutritional mobility across the whole sample, stratified by the period in which the child was born.
The sample was split at the median year of birth, which was 2010. Children born earlier had lower
absolute nutritional mobility and had heights that were more highly linked to the heights of their
mothers, as indicated by the steeper slope in the estimated smoothed polynomial. Children born
later had a higher absolute upward mobility and a lower relative mobility, indicated in the shallower
slope of the estimated smoothed polynomial.

Figure 2: Rank-order mobility by earlier and later-born children

Rank-order mobility in nutritional status
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Note: Data are local polynomial smoothing regressions where the explanatory variable is maternal percentile rank in
height and the dependent variable is the child percentile rank in height; regressions are split into two groups of children
born in 2010 and eatlier, and children born in 2011 or latet.

After exploring the stability of the model estimates and the nonparametric relationships between
child and mother ranks in HAZ, we constructed an additional indicator of nutritional mobility called
the Child Thrive Index (CTT). The CTI accounts for regression to the mean in repeated measures data



(Equation 1). Intergenerational height data are susceptible to regression to the mean, similarly to
repeated measures within the same child such as for measuring catch-up growth (Cameron et al.
2005). The CT1 is equal to the actual child HAZ minus the predicted child HAZ given his or her
mothers’ HAZ.

CTI;; = Child HAZ;; — (&, + p.Maternal HAZ;;) (1)

Related work in the pediatric growth literature addresses regression to the mean in child height and
weight data by calculating the difference between actual and predicted child measurements (Wright
and Cheetham 1999; Cameron et al. 2005). A positive value for the CTT indicates that the child is
doing better than expected in terms of his or her linear growth, and a negative value indicates that
the child is doing worse than expected for his or her linear growth. In Figure 3, the CTI is visualized
across the maternal HAZ gradient, splitting the sample between earlier- and later-born children. In
the rightward extremes of maternal HAZ, the CTI declines sharply which is consistent with
regression to the mean. Children with the tallest mothers are shorter than what would have been
predicted in the absence of regression to the mean.

For children born 2009 and eatlier, the CTT is negative, indicating that these children were doing
worse than expected given their mother’s percentile rank in HAZ, regardless of how tall their
mothers were. That the CTT is not positive even for children of the shortest mothers indicates that
regression to the mean is not powerful enough to overcome the biophysical limitations and promote
nutritional mobility by itself. The CTT has shifted upwards between children born 2009 and earlier
compared to children born 2010 and later. This indicates that children born to mothers with the
same HAZ were doing better if they were born later compared to earlier. As would be expected
given regression to the mean, the CTT falls very quickly for the tallest mothers, for both earlier-born
and later-born children.

In the Supplemental Materials, Figure S1 provides a visualization of the relationship between
maternal and child HAZ, the fitted values for a linear regression between maternal and child HAZ,
and the CTT itself. Evidence that an additional indicator of nutritional mobility was needed to
account for regression to the mean was found by examining the discrepancies between maternal and
child heights throughout the maternal HAZ gradient. To make these calculations, we first tabulated
the number of children who were within either one or two centile spaces of their own mothers’
HAZ, and calculated the average difference between maternal and child HAZ within each maternal
HAZ category (Table S1). After calculating the CTI, we estimated summary statistics of the CTT by
global region (Table S2).



Figure 3: Thrive index for eatlier and later born children
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Next, we estimate univariate and multivariate regressions of child percentile rank in HAZ on mother
percentile rank in HAZ, disaggregated by global region. We first estimate unadjusted associations,
then added child-level controls and maternal-level controls. Then, we restrict the model to only the
10™ -90™ percentiles for child HAZ to explore the sensitivity of this full model to a narrower sub-
sample of the data. In the multivariate regressions, we use several key control variables from the
DHS into the model that are measured at the child level or the maternal or household level. The
control variables we include are child age in linear and quadratic terms, child sex, mother’s years of
education, number of children in the household under age 5, household wealth, and the year of birth
as a time trend. Here, 7 indexes children and j indexes their country and year of birth cohorts. X'is a
vector of child- and maternal-level control variables, and y is an independent and identically
distributed error term.

Child HAZ rank;; = a + f(Maternal HAZ rank);; + y)?ij + wyj 2)

Community-level estimates

The next step was to construct summary indicators of nutritional mobility by country and by sub-
national region. Examining results by sub-national region is important to understand potential
disparities in nutritional mobility within countries. We are interested in nutritional mobility patterns
across countries and within countries, with the expectation that there is wide variation in nutritional
mobility across both dimensions. When conducting the analysis by subnational region, we excluded
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subnational regions with fewer than 100 observations. We tabulated results from 50 of the most
populous subnational regions in the dataset (Table S6). To construct the four indicators in the
columns of Table 2 and Table S6, we followed Chetty et al. (2014) and adapted their methods for
use with intergenerational transmission of heights.

First, absolute upward mobility is equal to the expected or predicted rank of a child at maternal HAZ
rank equal to 25. This variable was constructed by estimating the univariate rank-order HAZ
regressions by country for the 49 included countries. For those countries with more than one
included DHS survey, all surveys for each given country were included in a single regression, and
children were ranked within their birth year cohorts as described above. Therefore, within each
countty, absolute upward mobility is given by Equation (3), where & equals the estimated intercept

term and f§ equals the estimated coefficient from a univatiate regression of child percentile rank in
HAZ on mother’s percentile rank in HAZ. Here, c indexes countries, country-years or subnational
regions depending on the spatial resolution in question.

AbsUpMobility, = &, + .(25) 3)

Second, relative mobility is defined as the difference in expected child height rank between children
with mothers in the 100™ percentile of the height distribution and children with mothers in the 0®
percentile of the height distribution. The larger this number, the more persistent is nutritional status
across generations. This indicator is equal to the slope of the rank-rank regression multiplied by 100
for ease of interpretation.

Relative Mobility, = 3, - 100 @

Along with the above two indicators of nutritional mobility, we also tabulated two additional
indicators in parallel with Chetty et al. (2014). The first indicator was the percentage of children in
each country or subnational region who reached the highest (5") quintile for HAZ given that their
mother was in the lowest (1%) quintile for HAZ. The second indicator was the fitted values of a
logistic regression of a binary indicator of stunting (HAZ<-2) on maternal HAZ rank at maternal
HAZ rank=25, converted from log odds to probabilities. This indicator gives the probability that a
child will be stunted given that his or her mother was ranked 25" in the distribution of maternal
heights. These two additional indicators of nutritional mobility and are tabulated in the results and
may be useful indicators of nutrition mobility at a population level.

The penultimate step in our analysis was to estimate national and subnational correlates of
nutritional mobility. To do this, we merge country- and year-level estimates of nutritional mobility
with data from The World Bank on GDP per capita, urbanization, the food deficit, access to
improved sanitation, and health expenditures as a percentage of GDP. We choose indicators at the
national level that were broad metrics of economic resources and public health infrastructure. There
were between 259 and 281 country- and year- combinations with sufficient data to conduct these
analyses. We estimated univariate OLS regressions between each of the national-level indicators and
each of the three indicators of nutritional mobility. Then, we estimated the same nutritional mobility
indicators by subnational region to conduct a similar analysis using subnational spatial data provided
directly by the DHS (ICF International 2005-2018). The subnational-level factors had a local focus
on market access and agricultural production. By subnational region, we estimate the univariate OLS
regressions between population density, global human settlement, travel time to the nearest city over
50,000 people, the length of the growing season, the vegetation index, and rainfall with each of the
three nutritional mobility indicators.
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Results

This section presents empirical estimates of nutritional mobility around the globe. The final database
contained anthropometric information for 383,289 children in 49 countries born between 2005 and
2016. The subsample relevant to this study was for children aged 24 months and older and their
mothers with complete anthropometric data in the DHS. This subsample was contained within 77
DHS surveys. Globally, four countries were represented in Europe and Central Asia (ECA), five
countries in Latin America & the Caribbean (LAC), two countries in the Middle East and North
Africa (MENA), six countries in South and Southeast Asia (SEA), five countries in Central Africa
(CA), eleven countries in West Africa (WA), seven countries in East Africa (EA), and seven
countries in Southern Africa (SA). Table S1 in the supplemental materials compiles summary
statistics by survey on sample sizes, child age in months, as well as several measures of child and
maternal height used for analysis.

Table 1 below presents the preliminary estimates of relative nutritional mobility under different
variable definitions as indicated in the row headings and different samples as indicated in the column
headings. Relative mobility has a minimum of 0.027 when measuring heights using centimeters and
restricting to the 25"-75" percentiles. The maximum relative mobility estimate in this table is 0.331
when using the natural logarithm of heights in centimeters as the variable measures and restricting
the sample to female children only. Overall, these estimates are similar in magnitude to the rank-
order results for income mobility found by Chetty et al. (2014). The smallest ranges and standard
deviations of the estimated coefficients across samples is achieved when using rank-order
regressions. When comparing results after restricting to less extreme values for height, such as just
within the 25" to 75" percentiles for child height, we can observe the nonlinearities in the maternal-
child height relationship. Across all variable definitions, the most substantial deviations from other
estimates occurs when restricting the sample to between the 25" and 75" percentiles of children and
their mothers. However, the change in coefficients across samples is lessened when using rank-order
regressions. Just as found for income mobility by Chetty et al. (2014), the relationship between
mother and child heights is nonlinear and therefore mobility estimates are sensitive to the point at
which they are measured in the height distribution.
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Table 1: Global relative nutritional mobility estimates under different variable definitions

) @ ) @ G 9 9 ® ) (10) (1
Child height ~ Maternal height Full sample  Poorest  Richest Males Females  Restricted  Restricted — Restricted to Birth Birth Sample
units units wealth wealth to 25th- to 10th-9Qth 5th_95th cohort cohort stats of
quintile quintile 75th percentiles percentiles 2005- 2011- estimated
percentiles 2010 2016 coefficients
(range)
(sd)

cm cm 0.188 0.171 0.185** 0.181 0.196" 0.0267* 0.115* 0.155** 0.148" 0.166™ 0.169
(0.002) (0.004) (0.005) (0.003) (0.003) (0.008) (0.003) (0.0100) (0.00274)  (0.0027) 0.050
Log(cm) Log(cm) 0.316™ 0.290 0.306™ 0.302 0.331 0.0449* 0.192 0.259 0.245 0.283 0.286
(0.0032) (0.0062) (0.0087) (0.0045) (0.0046) (0.0137) (0.0052) (0.0165) (0.0046) (0.0046) 0.085
HAD cm 0.197* 0.184" 0.193* 0.191 0.204" 0.0575" 0.136™ 0.169* 0.204 0.219* 0.162
(0.0013) (0.0026) (0.0035) (0.0019) (0.0019) (0.0052) (0.00106) (0.0112) (0.0019) (0.0020) 0.047
HAZ HAZ 0.293* 0.271 0.289* 0.288" 0.299 0.0779" 0.197 0.247 0.290" 0.324" 0.246
(0.0020) (0.0039) (0.0053) (0.0029) (0.0029) (0.0072) (0.0024) (0.0166) (0.0029) (0.0030) 0.072
Rank (HAZ)  Rank (HAZ) 0.263™ 0.228" 0.238™ 0.264™ 0.262" 0.167" 0.192 0.2227 0.256"* 0.271~ 0.104
(0.00106) (0.0031) (0.0039) (0.0022) (0.0022) (0.0294) (0.0019) (0.0087) (0.0022) (0.0022) 0.035
Rank (HAZ)  Rank(cm) 0.263** 0.227 0.238** 0.264 0.262" 0.168" 0.192" 0.222* 0.256"* 0.271 0.103
(0.0016) (0.0031) (0.0039) (0.0022) (0.0022) (0.0294) (0.0019) (0.0087) (0.0022) (0.0022) 0.034
Rank (cm) Rank (cm) 0.237 0.208 0.215* 0.236™ 0.237 0.144 0.167" 0.196™ 0.235" 0.240 0.096
(0.0016) (0.0031) (0.0040) (0.0022) (0.0022) (0.0251) (0.0020) (0.0073) (0.0022) (0.0022) 0.033
N 383289 98493 56278 195189 188100 249485 249485 249485 194829 188460 N/A

Notes: This table recreates Table I of Chetty et al. (2014) for height data from the DHS. Models are univariate OLS regressions with constant terms not shown. This
table reports only the estimated coefficient and its standard error on mothet’s height under various variable definitions. Ranks for children are defined within their
birth cohort year and country. Ranks for mothers are defined within the set of other mothers who have children from the same birth cohort (by year) and country.
Rankings do not change with sub-group analyses in columns 2-9. Standard errors in parentheses, * p < 0.05, ™ p < 0.01, ™ p < 0.001.
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One interesting global comparison is that between the Latin America and Caribbean region (LAC)
with the rest of the world. Nutritional mobility is systematically worse in the LAC region compared
with the rest of the world. Out of the 10 countries with the lowest absolute upward mobility, five are
located in the LAC region (Table 2). Children surveyed in LAC have heights that are more closely
linked to their mothers’ heights. For all other world regions, whether combined as in Figure 4 or
indicated in separate regression lines, children have heights that are less closely linked to their
mothers’ heights compared to LAC.

Figure 4. Latin America and the Caribbean vs. Rest-of-world

Rank-order mobility in nutritional status: LAC vs. ROW

local polynomial smoothing with degree zero and epanechnikov kernel
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Table 2 presents estimates of global variation in nutritional mobility in more detail, recreating the
structure of Table III of Chetty et al. (2014) but for height data from the DHS. The table shows
nutritional mobility indicators for the 49 included countries, ranked from lowest absolute upward
mobility to highest absolute upward mobility. The five countries with the lowest absolute upward
mobility — Guatemala, Honduras, Guyana, Colombia, and Bolivia — are all located in the LAC
region. Across all countries, there is little variation in the Column 3 results, which calculate the
probability that a child born to a mother in the 1% quintile of the height distribution will reach the 5"
quintile of the height distribution. These estimates range from 0.60% in Guatemala to 3.60% in
Benin. Column 4 presents estimates of the probability that a child will be stunted (with HAZ <-2),
given that his or her mother was in the 25" percentile of the height distribution. These estimates
have a much wider range, from a low of 8.02% in the Dominican Republic to a high of 73.28% in
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Burundi. Relative mobility declines as absolute upward mobility increases, and ranges from 0.52 in
Guatemala to just 0.05 in Benin. Countries with higher relative mobility have children whose heights
are more tightly linked to the height of their mothers, and therefore in those regions there are more
substantial intergenerational disparities across the height distribution for children in Guatemala
compared to children in Benin, for example. The five countries in our dataset with the highest
absolute upward mobility are Albania, Comoros, Madagascar, Mali, and Benin. The difference
between absolute upward mobility in Benin and Guatemala is 11.83 rank-order positions in the
height distribution.

The standard deviation of absolute upward mobility across countries in is 2.183. By construction,
the standard deviation of the child percentile rank in HAZ variable is equal to that of the uniform

—0)2
distribution, or /% in the case of a variable ranging from 0 to 100. This standard deviation

equals about 28.94 for each of the year of birth and country level HAZ rankings, or 2.894 when
relative mobility is measured by the raw slope before it is multiplied by 100. Therefore, a one

standard deviation improvement in the nutritional circumstances within a country, indicated by

. . 2.183
absolute upward mobility, results in a
2.894

= 0.754 standard deviation improvement in the

expected HAZ rank of children whose mothers were in the 25" percentile for HAZ. To compare, a
direct improvement in maternal HAZ rank of one standard deviation is associated with a 0.263
standard deviation improvement in the expected HAZ rank of children, which is given by the

relative mobility estimate for the whole sample together as presented in Column 1 of Table 2.

0.754

Therefore, the national nutrition environment is about 0263 = 2.86 times as powerful as a mothet’s

individual height for promoting nutritional mobility in children. This finding is consistent with the
evidence that linear growth retardation in low- and middle-income countries is driven mainly by the
nutrition environment (Perkins et al. 2016). This finding is also consistent with the WHO MGRS,
which found that children from all over the world have the same growth potential if raised in a
healthy nutrition environment (WHO 2000).

Our findings on the relative contribution of genetics and the environment to attained height differ
from the results of twin studies on the heritability of height. In the human biology literature,
heritability estimates for height range from about 0.6 to 0.9 (Jelenkovic et al. 2016; Wehkalampi et al.
2008), which is three to four times larger than the relationship based on maternal and child HAZ
rank found in this study. This difference may arise in part because twin studies are primarily
conducted in higher-income countries like Sweden, Finland and Denmark where there are relatively
few environmental factors causing growth retardation, as compared to the lower-income
populations in our data with very diverse environments and widespread deprivation, so the relative
role of environmental factors is correspondingly larger.

In this example, it is important to remember that individual mother’s heights are determined by her
cumulative nutritional investment over her lifetime, which may include genetic, epigenetic, and
environmental factors, and so this analysis can empirically separate genetic from environmental
influences on health at the child level but not the maternal level. The present findings that the
environment matters more for nutritional mobility than maternal nutritional status are opposite to
those for income mobility by Chetty et al. (2014), who found that the quality of a commuting zone
for promoting income mobility provided about 60 percent as large of an improvement as parental
income itself in determining a child’s future income. In the case of income, parent outcomes are
more significant predictors of child outcomes than the quality of the commuting zone. In contrast,
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the quality of the nutrition environment is a more significant predictor of child heights than
mother’s heights alone.

Table 2: Global variation in nutritional mobility

©)
@ @ ©) Q)
Absolute Upward % Child in Q5 | Relative
Country Name Mobility Mother in Q1 % Stunted mobility /100
Guatemala 36.99 0.60 68.32 0.52
Honduras 37.80 0.99 46.06 0.49
Guyana 38.36 1.14 33.60 0.47
Colombia 39.39 0.98 23.11 0.42
Bolivia 40.60 1.33 41.92 0.38
Gabon 41.54 1.56 32.81 0.34
Swaziland 41.77 1.81 37.29 0.33
Rwanda 42.04 1.59 57.36 0.32
Burundi 42.28 1.77 73.28 0.31
Bangladesh 42.30 2.05 56.78 0.31
Cambodia 42.47 2.13 56.87 0.30
Dominican Republic 42.62 1.62 8.02 0.29
Uganda 42.69 2.02 45.45 0.29
Zimbabwe 42.86 1.89 41.53 0.28
Haiti 42.92 2.28 34.62 0.28
Tanzania 42.95 1.90 47.24 0.28
Myanmar 42.98 2.03 48.70 0.28
Mozambique 43.03 2.43 53.51 0.28
Cote d’Ivoire 43.08 2.20 44.93 0.28
Nepal 43.16 2.22 64.26 0.27
Jordan 43.21 2.02 14.43 0.27
India 43.22 2.24 52.24 0.27
Zambia 43.36 2.47 54.19 0.26
Lesotho 43.38 2.29 54.93 0.26
Malawi 43.41 1.90 54.04 0.26
Kyrgyz Republic 43.50 1.94 26.54 0.26
Ghana 43.63 2.45 35.43 0.25
Kenya 43.73 2.13 40.52 0.25
Cameroon 43.90 1.91 47.39 0.24
Senegal 4391 1.85 38.84 0.24
Armenia 43.92 2.54 8.97 0.24
Tajikistan 43.94 2.50 29.91 0.24
DR-Congo 44.03 2.27 63.39 0.24
Namibia 44.16 1.66 41.36 0.29
Togo 44.43 2.58 42.56 0.22
Burkina Faso 44.55 2.19 47.94 0.22
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Ethiopia 44.71 2.35 55.87 0.21

Nigeria 44.82 2.80 50.66 0.20
Guinea 45.14 2.79 46.37 0.19
Egypt 45.28 2.38 22.76 0.19
Liberia 45.28 2.61 52.16 0.19
Sierra Leone 45.71 2.60 48.15 0.17
FEast Timor 45.73 3.25 62.85 0.17
Chad 45.81 2.96 59.27 0.17
Albania 45.83 1.97 16.65 0.17
Comoros 46.07 1.96 31.94 0.16
Madagascar 46.11 2.95 60.00 0.16
Mali 46.31 2.58 49.44 0.15
Benin 48.82 3.60 51.41 0.05
Mean 43.42 2.128 44.41 0.263
Standard Deviation 2.183 0.571 14.91 0.087

Notes: This table recreates Chetty et al. (2014) for height data from the DHS. The table shows nutritional mobility across 49
countries between 2005-2017. Countries are ranked by Column 2, from lowest to highest. Column 2 contains Absolute upward
mobility, which is calculated as the fitted values at maternal HAZ rank =25 on the univariate rank-rank regressions. Column 3 is the
percentage of children out of the sample within the country who reached the 5% (highest) quintile for HAZ given that their mother
was in the 1¢t (lowest) quintile for HAZ. Column 4 are the fitted values of a logistic regression of a binary indicator of stunting
(HAZ<-2) on maternal HAZ rank at maternal HAZ rank =25, converted from log odds to probabilities. Column 5 is relative
mobility, or the slope of the estimated rank-rank relationship within each country.

Figure 5 compares nutritional mobility in the country with the highest mean HAZ in the dataset,
which was Armenia in 2016, to the country with the lowest mean HAZ in the dataset, which was
Burundi in 2016. Visualizations using nonparametric smoothing indicate that there is are no
substantial differences in the relationship between maternal and child height rank between the two
countries, except for the top fifth of mothers in the maternal height distribution. These results
suggest that nutritional mobility is measuring a different aspect of nutritional status than just mean
HAZ alone.
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Figure 5: Armenia 2016 (highest mean HAZ) compared with Burundi 2016 (lowest mean
HAZ)

Rank-order mobility in nutritional status: Lowest compared to highest mean HAZ countries

local polynomial smoothing with degree zero and epanechnikov kernel
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We further demonstrate that mobility is a different phenomenon than mean HAZ by comparing
nutritional mobility in two countries that had the same mean HAZ at the time the DHS was
implemented there: Benin in 2011-2012 and Guatemala in 2014-2015. Despite that these countries
had the same mean HAZ at the time of the DHS survey, nutritional mobility in Benin is much better
than in Guatemala. In Guatemala, children are much more highly linked to the heights of their
mothers, whereas in Benin the heights of mothers and children are de-linked.
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Figure 6: Comparison of nutritional mobility between two countries with the same mean
HAZ: Benin in 2011-2012 and Guatemala in 2014-2015.

Rank-order mobility in nutritional status: Lowest and highest national-level mobility

8 Benin and Guatemala had similar mean HAZs in these included surveys
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Table 3 presents our main results for the determinants of nutritional mobility under different
variable definitions. Column 5 of Table 3 is the preferred specification for estimating the association
between maternal heights and child heights. In this model, the association between maternal
percentile rank in HAZ and child percentile rank in HAZ is 0.202 (S.E. 0.0017). Column 6 of this
table presents the associations between the CTI and various child and maternal characteristics.
There is no maternal height variable in this model because maternal height is incorporated into the
CTI as indicated above in Equation 1. The CTI is lower for male children and is higher for children
of mothers with more years of education and wealth. The CTT is higher for later born children, but
only later born children in rural areas, not urban areas. In rural areas, being born one year later is
associated with a 0.03 HAZ point increase in the CTL. The CTI is negatively associated with the
number of children under age 5 living in the household, and not associated with child age in months.
Further analysis if the determinants of the CTI split by global region can be found in Table S2 in the
Supplemental Materials.
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Table 3: Nutritional mobility under different variable definitions and incorporating covariates

Q) @ ©) * ®) ©)
Child height variable cm Ln(cm) HAD HAZ Pctile Rank CTI
Maternal height variable cm Ln(cm) cm HAZ Pctile Rank -
Maternal height variable  0.173" 0.294"* 0.173"* 0.262"* 0.202" -
[0.17,0.18] [0.29,0.30] [0.17,0.18]  [0.26,0.27]  [0.20,0.21]
Child age in months 0.786™ 0.0101™ -0.173" -0.0204™ -0.261 -0.0205™
[0.77,0.80] [0.01,0.01] [-0.19,-0.16]  [-0.02,-0.02]  [-0.34,-0.18] [-0.02,-0.02]
(Child age in months)? ~ -0.00283™  -0.0000495""  0.00107*" 0.000213™  0.00182" 0.000213"
[-0.00,-0.00]  [-0.00,-0.00]  [0.00,0.00]  [0.00,0.00]  [0.00,0.00] [0.00,0.00]
Child is male 0.887 0.00991™ 0.0189 -0.0538™ -1.023™ -0.0543

[0.850.92]  [0.01,0.01]  [-0.02,0.06] [0.06-0.04] [-1.20,-0.84]  [-0.06,-0.04]

Mother’s education 0.0793*  0.000869*  0.0792*° 00203  0.434™ 0.0186™
(vears) [0.07,0.09]  [0.00,0.00]  [0.07,0.08]  [0.02,0.02]  [0.41,0.46] [0.02,0.02]
Number of children 0.145" 0.001617  -0.147" 0.0389"  -0.910" 0.0377"

(count of <5yrsin hhld) [-0.17,-0.12] [-0.00,-0.00]  [-0.17,-0.13] [-0.04,-0.03] [-1.01,-0.81]  [-0.04,-0.03]

Pootest wealth quintile ~ -2.085™ -0.0226™ 2,085 -0.531° 1174 -0.506°
(binary) [2.18,/-1.99] [0.02-002] [2.18/-1.99] [0.56-0.51] [12.22,-11.25] [-0.53,-0.48]
Pooter wealth quintile ~ -1.634" 0.0176™ 1.6347 0.416™ 19,295 -0.396™
(binary) [1.73,1.54] [0.02,0.02] [1.73,1.54] [0.44,039] [9.75,8.84]  [-0.42,-0.37]
Middle wealth quintile ~ -1.207" 0.0129" 1.206™ -0.306™ 6.847" -0.290"
(binary) [1.29,-1.12] [0.01,0.01] [1.29,-1.12] [0.33-028] [7.28,-6.42]  [-0.31,-0.27]
Richer wealth quintile ~ -0.744" -0.00789 0742 -0.190° 4,071 -0.180°
(binary) [-0.82,-0.66] [0.01,0.01]  [-0.82,-0.66] [0.21-0.17] [4.46,-3.68]  [-0.20,-0.16]
Year of birth -0.252° -0.00270"  -0.250" 0.0610™  -1.326™ -0.0607"
(time trend) [-0.29,-0.22] [-0.00,-0.00]  [-0.29,-0.21] [-0.07,-0.05] [-1.50,-1.15]  [-0.07,-0.05]
N 383087 383087 383087 383087 383086 383086

Notes: Data are OLS regressions where the outcome variable is child height measured in several different ways as indicated. Each regression was estimated using fixed-
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effects of the survey cluster. The explanatory variables are a binary indicator of child sex, age in months, a quadratic term for age in months, the year of birth for a time
trend, a categorical indicator of wealth which is calculated by the DHS within survey strata, maternal education in single years, and the count of the number of children
under age 5 living in the household. The reference group for the wealth categories is the richest group. Standard errors are in parentheses, “ p < 0.05, ™ p < 0.01, ™ p <
0.001. The maternal height variable is incorporated into the calculation of the CTI and is therefore not included as a covariate in Column 6.
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While using ranked-order regression is helpful for improving the stability of coefficient estimates,
changes in HAZ rank can be difficult to interpret given differences in the distribution of child height
across cohorts and countries. To obtain a visualization of the national-level results, we calculated the
probabilities for each birth year and country cohort to be at HAZ>0.00, HAZ>-0.50, HAZ>-1.50,
and HAZ>2.00 given that their maternal HAZ rank was equal to 25. We obtained these probabilities
from a logistic regression where the binary outcome variable was equal to one if the given HAZ
condition was met and zero otherwise. The dotted line shows the probability that a child will have
HAZ>0 if his or her mother had an HAZ ranking equal to 25, for a given GDP level, for all the
year-of-birth and country combinations available in the dataset, of which there were 281. Similarly,
the solid line shows the probability that a child will not be stunted, given that his or her mother had
an HAZ rank equal to 25. Each of the nonparametric functions are positively associated with GDP
per capita after about $1,500 per person per year. In the poorest countries in the dataset, a child
born to a mother at HAZ rank equal to 25 has about a 40 percent chance of not being stunted. In
the richest countries in this dataset with GDP per capita of between $7,000 and $8,000, a child born
to a mother at HAZ rank equal to 25 has a 75% to 80% chance of not being stunted. Compared to
milder manifestations of linear growth retardation, the probability of avoiding worse stunting
outcomes such as HAZ<-2 or HAZ<-1.5 have stronger associations with national-level incomes
across the spectrum of GDP per capita. This indicates that improvements to intergenerational
mobility takes place more easily for the most at-risk children, but also implies that improvements to
milder forms of linear growth faltering may be harder to achieve simply with income growth.

Figure 7: Nutritional mobility by country-level incomes

Nutritional mobility by country-level incomes

local polynomial smoothing with 95% Cls, with degree zero and epanechnikov kernel
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We now turn to empirical results that measure the associations between spatially aggregated
measures of nutritional mobility and various economic and environmental factors. Table 4 presents
the associations between three indicators of nutritional mobility and various national-level economic
and environmental factors. For these estimates, mobility indicators are calculated at the country-year
level, and these indicators were then merged with data from The World Bank on GDP,
urbanization, food deficits, sanitation, and health expenditures. Absolute upward mobility is
negatively correlated with GDP and with the percent of the population with access to basic
sanitation. This indicates that, as countries get richer and more families have access to basic
sanitation, the expected gains made in child growth across generations shrinks. The magnitude of
the associations found is not very large, especially considering that the range of absolute upward
mobility estimates by country were between about 36 and 48 in Table 2.

That the absolute upward mobility is negatively associated with national incomes may be due to
diminishing marginal returns of GDP on nutritional improvement. For countries towards the
bottom of the income distribution, improvements in intergenerational transmission of nutritional
status will come much more quickly than for countries towards the top of the income distribution.
After a certain point, absolute upward mobility in human height is not a public health concern
because there is already drastically less linear growth retardation. Although height is a good proxy
for well-being in many ways, the relationship between heights and incomes is both bidirectional and
multidimensional and is complicated by mortality selection and scarring effects (Deaton 2007).
Taller heights after certain points can be detrimental to cardiovascular health in particular. There is
no similar threshold effect for incomes or wealth.

Relative mobility is positively associated with GDP per capita, urbanization, and sanitation. A 10
percent increase in GDP per capita is associated with a 35.6 increase in relative mobility and a ten
percent increase in sanitation use is associated with a 9.78 increase in relative mobility. Going back
to its definition, the difference in HAZ rank between a child born to a mother in the 100" percentile
for HAZ and a child born to a mother in the 0" percentile for HAZ increases with GDP per person
and sanitation. The magnitudes estimated here are not large, but the results indicate increasing
disparities between children of the tallest mothers and children of the shortest mothers as national
incomes grow. This indicates that an understanding of how increases in GDP are distributed in the
population will be essential for characterizing the intergenerational nutritional risks.

The CT1 is positively associated with GDP per capita, urbanization, and sanitation. A 1 percent
increase in GDP per capita is associated with a 0.360 increase in the CT1I, a relationship that is small
in magnitude. A 10 percent increase urban population is associated with a 0.15 increase in the CTL.
The CT1T is negatively associated with the food deficit. A deficit of 100 kcal per person per day is
associated with a -0.127 reduction in the CTI. This is a substantial relationship, given that the mean
values of the CTI ranged from -0.554 in CA to 0.841 in MENA. This indicates that food availability
per capita at the national-level is still a major determinant of whether children can reach their growth
potential.
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Table 4: National-level economic and health correlates of nutritional mobility

@ 2 3) ) ®)
Cortrelate GDP Per Capita Utrbanization Food Deficit Sanitation Health expenditure
Units Log of Expenditure- % of population  Kcal/person/day % of population Health expenditure as
side real GDP at living in urban areas using at least basic a % of GDP
chained PPPs (in mil. sanitation services
2011US$), per capita
Outcome: Absolute upward mobility -0.892 -0.0183 0.00272" -0.0244 -0.105
[-1.199,-0.584] [-0.033,-0.003] [0.000,0.005] [-0.034,-0.015] [-0.224,0.013]
Constant 49.49 44.07 42.89* 44.39 44.07
[47.391,51.593] [43.486,44.661] [42.369,43.408] [43.947,44.842] [43.306,44.831]
Outeome: Relative mobility*100 3.569 0.0735* -0.0109" 0.0978"* 0.420
[2.334,4.804] [0.013,0.135] [-0.021,-0.001] [0.060,0.136] [-0.057,0.897]
Constant 1.867 23.54 28.30™ 22.26™ 23.59
[-6.573,10.308] [21.184,25.904] [26.214,30.390] [20.463,24.057] [20.529,26.654]
Outeome: CT1 0.360*** 0.0154 -0.00127 0.0117* 0.0139
[0.316,0.404] [0.013,0.018] [-0.002,-0.001] [0.010,0.013] [-0.009,0.037]
Constant -2.469 -0.559 0.209"* -0.480" -0.104
[-2.770,-2.168] [-0.650,-0.468] [0.122,0.297] [-0.543,-0.418] [-0.251,0.043]
N 281 281 259 281 272

Notes: Models are univariate estimates of the associations between the listed national-level economic and social factors with absolute upward mobility, relative
mobility, and the CTI. Absolute upward mobility is defined as the fitted values for expected child rank in HAZ given his or her mother is in the 25" percentile for
HAZ. Relative mobility, or the slope coefficient in the estimated rank-rank regressions, is equal to the difference in mean child HAZ rank between children with
mothers in the 100 percentile for HAZ and children with mothers in the 0% percentile for HAZ. The CTI is defined as the difference between actual child HAZ and
predicted child HAZ given maternal HAZ. All models are estimated with standard errors clustered by country. There are 49 included countries. Environmental
variables are means of the DHS-clusters for each subnational region; data come from the DHS Spatial Correlates Database, documentation here. 95% confidence
intervals in brackets; * p < 0.05, " p < 0.01, ™ p < 0.001
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https://spatialdata.dhsprogram.com/references/DHS%20Covariates%20Extract%20Data%20Description%202.pdf

There are 555 unique subnational regions that constitute the final dataset, and about 480 of the
regions had subnational spatial covariates available for analysis. Table 5 presents the associations
between three indicators of nutritional mobility and various sub-national environmental and
agricultural factors: Population density, human settlement, travel time to the nearest city, the length
of the growing season, the vegetation index, and rainfall per year. For these estimates, the three
mobility indicators are calculated at the subnational level. Absolute upward mobility is positively
associated with population density and human settlement. It is negatively associated with the travel
time to the nearest city over 50,000 people and the vegetation index. Relative mobility is not
associated with these sub-national factors. The CT1 is positively associated with population density
and human settlement, and negatively associated with travel time to the nearest city. Rainfall is not
significantly associated with any of the mobility indicators. These results, combined with those at the
country-level in Table 4, indicate that nutritional mobility is higher in areas of denser human
settlement, such as urban areas.
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Table 5: Subnational-level environmental and agricultural correlates of nutritional mobility

M ®) ©) @ ) ©
Cortrelate Population Global human Travel time Length of Vegetation index Rainfall
density settlement growing season
Units 1000s of Continuous: Log(Minutes to  Categorical, Log(Continuous: ~ Log(Millimeters/year)
people/km 1=extremely urban,  nearestcity of  groups of 30 10000=most
O=extremely rural >=50,000) days vegetation, 0=least
vegetation)

Outcome: 0.787 1477 -9.352" -0.240° -3.894 -0.486
Absolute upward [0.535,1.039] [11.59,17.96] [-12.51,-6.199] [-0.438,-0.0424] [-6.102,-1.686] [-1.242,0.270]
mobility
Constant 43.21 42,77 59.39 46.50" 75.43" 47.77

[42.38,44.04] [41.80,43.73] [54.51,64.28] [44.76,48.24] [57.92,92.95] [42.71,52.83]
Outcome: -0.0000460 -0.260 -0.510 1.054 7.715" 2.683
Relative mobility*100 [-0.000,0.000] [-7.749,7.229] [-2.423,1.403] [0.247,1.861] [1.139,14.292] [-0.248,5.614]
Constant 24.927 24.65 27.44 15.18™ -36.97 5.698

[21.651,28.192] [21.290,28.011] [17.925,36.951] [7.922,22.448] [-89.165,15.223] [-14.627,26.024]

Ounteome: 0.0000431*** 1.004* -0.184 0.0207 0.0137 0.00477
cl1i [0.000,0.000] [0.704,1.303] [-0.275,-0.093] [-0.028,0.069] [-0.326,0.354] [-0.195,0.205]
Constant -0.132* -0.158" 0.881 -0.236 -0.160 -0.0842

[-0.260,-0.005] [-0.283,-0.033] [0.410,1.353] [-0.685,0.213] [-2.883,2.563] [-1.523,1.354]
N 472 484 476 484 484 484

Models are univariate estimates of the associations between the listed national-level economic and social factors with absolute upward mobility, relative mobility, and
the CTI. Absolute upward mobility is defined as the fitted values for expected child rank in HAZ given his or her mother is in the 25% percentile for HAZ. Relative
mobility, or the slope coefficient in the estimated rank-rank regtessions, is equal to the difference in mean child HAZ rank between children with mothers in the 100
petcentile for HAZ and children with mothers in the 0% percentile for HAZ. The CTI is defined as the difference between actual child HAZ and predicted child HAZ
given maternal HAZ. All models are estimated with standard errors clustered by country. There are 49 included countries. Environmental variables are means of the

DHS-clusters for each subnational region; data come from the DHS Spatial Correlates Database, documentation here. 95% confidence intervals in brackets; * p < 0.05,
“p <0.01,™ p<0.001
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Conclusion

Many projects, programs and policies aim to stop the intergenerational transmission of malnutrition,
thereby improving population health and equitable human development. This study quantifies the
degree of intergenerational transmission of attained height between mothers and their children in 77
nationally representative surveys, focusing on children over 2 years of age to capture the diverse
factors that constrain linear growth, for a combined total of 383,289 mother-child dyads.

Populations of children differ in average height and stunting rates but have a similar distribution of
potential heights if nutritional needs are met, allowing us to measure equity within each population
using rank order regressions. The highest correlation between maternal and child rank order reflect
the most extreme longstanding disparities, in societies where the growth environment leads to very
short stature for both mother and child in some families, while others faced much less
environmental restriction. The lowest correlations imply the biggest improvements in equity from
one generation to the next, because that population’s more severely restricted mothers have had
among its less severely restricted children.

Empirically, we find the lowest correlations between maternal and child rank order in more recent
surveys, implying improvements in equity over time, and we find higher correlations in the LAC
countries, implying more persistent disparities in that region. We also find lower correlations in
more densely populated areas with more hospitals and markets, implying that these help improve
nutritional mobility for shorter mothers to taller children. Taken together, our regressions imply
that variation in national nutrition environments explain about 2.86 times more of the variance in a
child’s ranking than their own mother’s height.

Measuring nutritional mobility in terms of rank order provides a useful new approach to health
equity. Rank-order regressions lead to more stable coefficient estimates of intergenerational
transmission than regressions using height itself, isolating the society’s degree of horizontal inequity
between households from other differences in the distribution, and allowing the empirical separation
of genetic from environmental determinants of child nutrition.

This initial analysis is purely descriptive, aimed at facilitating future analyses of how to ensure that all
children are able to achieve their full potential for all kinds of outcomes beyond linear growth.
Future studies that link parent and child data could be analyzed in terms of social-ecological factors
that might promote mobility such as lower food prices and improved agricultural productivity as
well as health service provision and other interventions. Additional work on behavioral factors that
might affect nutritional mobility would also be useful, such as the role of birth order and sex of the
child as well as care practices and education.

Our data cannot attribute causality to any particular kinds of intervention, but the study does have
some immediate policy implications. First, we show that equity in the sense of equal opportunity to
fulfill a child’s growth potential can be measured and differs across populations. Some countries
such as Benin have achieved very high levels of nutritional mobility, while others at the same level of
average height such as Guatemala have much lower mobility, even as some countries in Latin
America such as the Dominican Republic offer high mobility. Second, we show that mobility varies
within countries, such as higher mobility in more urbanized places, and has generally improved over
time. Observing progress towards greater health equity within countries could help policymakers
accelerate these trends, overcoming past disparities so that each child can achieve their full potential.
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