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EXECUTIVE SUMMARY

1.

In 2014, according to UNICEF, WHO and the World Bank, 171 million children under the age of
five were stunted. Loosely-speaking this means they were excessively short for their age.
Statistically-speaking it means their height-for-age z-score (HAZ, as it is known) was less than 2
standard deviations below the median of a healthy reference population.

Rates of stunting among under-fives vary considerably around the world, from 57% in Burundi
to less than 2% in Chile. Stunting ratest decline with per capita income, but the elasticity with
respect to per capita GDP (i.e.,, how much a 1% increase in GDP per capita reduces the
proportion of children who are stunted) is fairly low, lower, for example, than the poverty
elasticity with respect to per capita GDP. Some large low- and middle-income countries -
notably India, Indonesia, Pakistan, and Nigeria - have high stunting rates.

The estimated number of stunted under-fives has been falling, but relatively slowly - at around
1.5% p.a. On current trends, the reduction between 2010 and 2025 will be 20%, just half of the
40% target reduction set by the 65t World Health Assembly and incorporated into the
Sustainable Development Goals (SDGs). Reaching the 40% target would require more than a
doubling of the annual rate of reduction in stunting - from the current historical rate of 1.5% to
3.4%. p.a. Some countries have been more successful than others in reducing stunting:
Argentina, Brazil, China, Iran, Senegal, Peru and Vietnam have achieved quite fast reductions in
stunting; Eritrea, Pakistan and Papa New Guinea, by contrast, have all seen increases in
stunting.

Stunting in childhood matters because it is associated with adverse outcomes throughout the
life cycle. The undernourishment and disease that cause stunting impair brain development,
leading to lower cognitive and socioemotional skills, lower levels of educational attainment, and
hence lower incomes. Health problems in terms of non-communicable diseases are more likely
in later life, leading to increased health care costs. Stunting in childhood also leads to reduced
stature in adulthood, which, due to the persistence of shortness over the lifetime, and the
negative (and independent) effect of height on income, further reduces income in adulthood.

Stunting among children today reduces a country’s future income per capita. By the same token,
a country’s per capita income today is lower to the extent that some of its workers today were
stunted in childhood. The average rate of childhood stunting of the current workforce will
reflect childhood stunting rates over the period from around 50 years ago to around 15 years
ago. If those in the current workforce who were stunted in childhood had not been, they would
not have suffered impaired cognitive development during childhood, they would not have
received less education, and they would have grown to a regular height. Their income today
would have been higher by a percentage that reflects the education penalty associated with
childhood stunting, the returns to education, the adult height penalty to childhood stunting, and
the returns to height.

By reviewing studies quantifying these penalties and returns, and by finding out the age
distribution of current workers so we can find out what fraction of current workers were

T We use ‘stunting rate’ throughout as shorthand for the ‘prevalence of stunting’.



10.

stunted in childhood, we can quantify - using the method of ‘development accounting’ - the per
capita income penalty a country incurs for not having eliminated stunting when today’s
workers were children. We estimate that, on average, this per capita income penalty is around
7%. Africa and South Asia incur larger penalties - around 9-10% of GDP per capita.

Childhood stunting reflects inadequate food intake and repeated bouts of disease. It is clear
what mothers can do to avoid both. However, systematic reviews and meta-analyses of the
literature suggest that interventions aimed at helping mothers (e.g. breastfeeding promotion,
education about complementary feeding, provision of vitamins and micronutrients) have had
fairly modest impacts on stunting, although they do affect child mortality. Moreover, scaling-up
these ‘nutrition-specific’ interventions has also proven a challenge, although some countries
have managed to do so with impressive results, including most recently Peru and Senegal.
These interventions are, however, relatively inexpensive, and the impact of stunting on income
is sufficiently large to make nutrition-specific programs a potentially worthwhile investment.

To explore this, we estimate the impacts on stunting and the rate-of-return to scaling-up to 90%
coverage, over a period of 10 years, a package of 10 nutrition-specific interventions in 34
countries, using estimates of costs and stunting impacts from a study by Bhutta et al.! We focus
on the lifetime productivity impact, allowing for the interventions to affect income through
cognition and not just stunting, but not accounting for the benefits of the interventions in terms
of lives saved. We assume that in the absence of the program stunting would have continued to
fall at 1.5% p.a., cognition would have stayed constant, and per capita income would have
grown following IMF forecasts. We adopt the same assumptions about the effects of stunting on
education and height, and about the returns to education and height, as in the aforementioned
development accounting exercise. We assume that teenagers join the workface at age 17 and
work for 40 years thereafter, and that, per Bhutta et al., the program will reduce stunting by
20%.

Our estimates suggest that implementing the Bhutta et al. program, and factoring in the annual
trend decline of 1.5% p.a., will leave the stunting rate in 2025 at 36% below to its 2010 value -
4 percentage points shy of the 40% target reduction adopted by the 65t World Health
Assembly. We estimate a rate-of-return for the 34 countries as a whole of 17%, with a benefit-
cost ratio of 15:1. East Asia & Pacific has the highest rate of return (24%) reflecting the low per
capita program cost, the high rate of return to education, the high initial GDP per capita, and the
high GDP growth rate. Africa is the region with the lowest rate of return (15%) reflecting the
high per capita program cost, the relatively low initial GDP per capita, and the relatively low
GDP growth rate; these numbers are offset only partly by the relatively high rate of return to
education in Africa. There are variations within regions, of course: India, for example, has a rate
of return of 23% reflecting in part India’s low program cost and its high GDP growth rate.

We explore the sensitivity of our results to our assumptions. Halving the assumed program
effect on stunting from 20% to 10% reduces the benefit-cost ratio to 8:1 and the rate-of-return
to 14%. The rate of stunting in 2025 would only be 28% below its 2010 value, 12 percentage
points shy of the target 40% reduction. Making drastically more conservative assumptions all
around (in addition to halving the program effect on stunting, halving the program effect on
cognition and halving the effects of stunting on education and height, and doubling the program
cost) would reduce the benefit-cost ratio to 3:1 and the rate of return to 9.5%. Even these are
quite respectable figures.



11. Achieving the World Health Assembly - SDG target seems likely to require more than ‘nutrition-
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specific’ interventions. A variety of ‘nutrition-sensitive’ interventions that tackle the underlying
determinants of malnutrition have been suggested, including water and sanitation (and
complementary behavior change interventions), agriculture interventions, and safety net
schemes (especially those targeted at pregnant women and children after natural disasters, and
agroclimatic and macroeconomic shocks). Here again, however, systematic reviews and meta-
analyses point to modest effects on stunting. Nonetheless, it seems likely that reducing stunting
by the percentage proposed by the 65t World Health Assembly will require a multipronged
approach, involving both nutrition-specific and nutrition-sensitive interventions, within the
context of a holistic approach to maternal and childhood nutrition, and strong government
commitment and capacity.

Last, the costs of stunting are not a fixture. Policymakers may be able to reduce, or at least limit,
the costs of stunting, through psychosocial stimulation and other interventions aimed at
promoting cognitive, language and socio-emotional development, going beyond the first 1,000
days where the potential impacts of nutrition interventions on linear growth are greatest.
Emerging evidence suggests that such interventions may help prevent stunted children from
falling ever further behind their peers, and may even allow them to catch up.



I. INTRODUCTION

In 2014, according to UNICEF, WHO and the World Bank, 171 million children under the age of five
were stunted.? Loosely-speaking this means they were excessively short for their age. Statistically-
speaking it means their height-for-age z-score (HAZ, as it is known) was less than 2 standard
deviations below the median of a healthy reference population.

Stunting in young children matters because it is it is associated with adverse outcomes in youth and
adulthood - delayed schooling, poorer performance in school, less years of education, lower
incomes and a greater risk of poverty. These associations are explained by three facts. First,
children who are stunted in early childhood generally stay short as they grow up, and when they
become adults earn less than taller people; they also marry shorter people who also earn less.
Second, because stunting in early childhood often reflects inadequate nutrient intake (in utero and
after birth) and infection, there are often long-term health consequences associated with stunting
in early childhood: a higher incidence of chronic illnesses and as a result higher health
expenditures. Third, undernutrition in childhood has ramifications for cognitive development. The
body responds to inadequate nutrition by limiting physical growth, but before it does so, it limits
the growth of the brain3 - this at a time when the brain is going through a crucial phase in its
development. Inadequate nutrition at this stage in a child’s life can have severe and long-lasting
effects, damaging the child’s chances of doing well at school and later on in the labor market.
Stunting is thus a marker - and a very measurable one - of poor outcomes throughout the lifecycle
across a number of domains of human development. Put simply, stunting is associated with long-
term costs, both pecuniary and nonpecuniary.

Ensuring young children are well nourished, even before they are born, helps ensure they grow
physically and mentally. Ensuring adequate nutrition for pregnant women and young children
therefore yields a double set of benefits; moreover, these benefits keep flowing for the rest of the
child’s life, and because they include higher wages, the payoff could be very large indeed. Investing
in the nutrition of young children, whether through narrow nutrition-specific interventions or
through broader ‘nutrition-sensitive’ interventions such as safety net programs, may well yield a
very large economic return.

But there are also other ways that governments can help. First, because stunting is not always
caused only by inadequate nutrition, governments can also work on these other causes to reduce
stunting rates. Many of these will also yield benefits in terms of helping ensure a child’s
uninterrupted cognitive and physical development: protecting young children from infection in the
regular course of events and after natural disasters is a prime example. Second, there is scope to
improve a child’s cognitive development and socioemotional skills through psychosocial
stimulation interventions. Such interventions, delivered to stunted children, may help offset — at
least partially - the effects of inadequate nutrition on a child’s cognitive development, thereby
reducing the costs of stunting.

In this paper, we first discuss the past and likely future trends in stunting. We analyze the latest
version of the multiagency malnutrition dataset to update 2013 estimates by the World Health
Organization.* We do this in the context of the 65t World Health Assembly and SDG target of a 40%
reduction in the number of stunted children by 2025. We find large variations in stunting rates
across countries, and large variations too in rates of change of stunting. We find that on current
trends, stunting will have fallen by only 20% by 2025. We then assemble evidence on the costs of



stunting. We document how, through reduced height, an increased risk of chronic illness, inferior
marriage market outcomes, and impaired cognitive capacity, stunting in early childhood translates
into worse outcomes over the child’s lifetime. We attempt to quantify the costs of stunting, by
asking how much lower a country’s per capita income is today because of a failure to eliminate
stunting when today’s workers were children. We estimate that, on average, this per capita income
penalty is around 7%. Africa and South Asia incur larger penalties — around 9-10% of GDP per
capita.

Next we summarize the evidence on how governments can reduce the incidence of stunting
through nutrition-specific interventions such as breastfeeding counselling. We present the findings
of recent systematic reviews and meta-analyses, and estimate the rate-of-return to scaling up -
over a period of 10 years - a package of 10 interventions to 90% coverage in 34 countries that
together account for 90% of the world’s stunted children. We estimate a rate-of-return for the 34
countries as a whole of 17%, with a benefit-cost ratio of 15:1. With this program in place, the
reduction in stunting by 2025 would be 36%. Halving the assumed program effect on stunting from
20% to 10% still leaves the program with a respectable estimated rate of return of 14%, but
reduces the rate of reduction of stunting by 2025 to 28%.

Achieving the SDG target seems likely to require in addition ‘nutrition-sensitive’ interventions, such
as water and sanitation (and complementary behavior change interventions), agriculture
interventions, and safety net schemes (especially those targeted at pregnant women and children
after natural disasters, and agroclimatic and macroeconomic shocks). We review the systematic
reviews and meta-analyses of these.

Last, we explore the possibility that policymakers may be able to reduce, or at least limit, the costs
of stunting, through psychosocial stimulation and other interventions aimed at promoting cognitive
development. Emerging evidence suggests that such interventions may help prevent stunted
children from falling ever further behind their peers, and may even allow them to catch up.

II. GLOBAL STUNTING LEVELS, TRENDS, AND TARGETS

Measuring a child’s length or height is straightforward. The height and age data can then be marked
on a growth chart derived from a well-nourished population to assess whether the child is stunted
- less than two standard deviations below the median of the reference population.

Estimating the number of children worldwide who are stunted is less straightforward. The data for
this exercise come from household surveys, which are typically conducted only every few years, so
not every country has a survey in any one year. This means one cannot get an estimate for, say,
2010 simply by averaging the rates for countries with surveys in 2010. To complicate matters still
further, some countries do not have a survey for any year.

For this paper, we have updated the 2012 WHO global estimates# of stunting and trends therein
using the September 2015 version of the Joint Child Malnutrition Estimates (JME) dataset jointly
prepared by UNICEF, WHO and the World Bank Group.*



http://data.unicef.org/jme_master_2015_127fcff.xlsx?file=jme_master_2015_127.xlsx&type=topics

A. Levels of stunting around the world

Rates of stunting among under-fives vary considerably around the world - from 57% in Burundi to
less than 2% in Chile (see Figure 1). Stunting rates decline with per capita income (see Figure 2),
though the elasticity with respect to per capita GDP is fairly low - lower than the poverty elasticity
with respect to per capita GDP, for example.5 Some large low- and middle-income countries -
notably India, Indonesia, Pakistan, and Nigeria - have high stunting rates. There is, however, a lot of
variation around the regression line (the correlation is around -0.55): Guatemala, India, Indonesia,
Nigeria and South Africa all have higher-than-expected stunting rates, while China, the Dominican
Republic and Senegal all have lower-than-expected stunting rates.5 Inequalities are also observed
within countries, with poorer groups typically recording 2-3 times higher levels of stunting.6

B. Trends in stunting and global targets

Some countries have been more successful than others in reducing stunting (Figure 3): Argentina,
Brazil, China, Iran, Senegal, Peru and Vietnam have achieved quite fast reductions in stunting;
Eritrea, Pakistan and PNG, by contrast, have all seen increases in stunting. Inequalities within
countries have shown a high degree of persistence.6”

In 2012, the sixty-fifth World Health Assembly (WHA) endorseds a target™ for stunting: to reduce by
40% the number of stunted under-five children by 2025. This has been adopted as a goal for SDG 2:
End hunger, achieve food security and improved nutrition, and promote sustainable agriculture.

[s the world on track to achieve this target? The September 2015 version of the JME dataset
contains 124 countries with more than one survey — 14 more countries than used in the 2012 WHO
exercise.* Like WHO, we dropped surveys before 1995. We used the stunting rate and the under-
five population to get the estimated number of under-fives who are stunted. We then estimated a
fixed effects growth model (with countries as the fixed effects) to estimate the trend, and the
predicted number of under-five stunted children in each year.tt Finally we summed this figure
across the 124 countries each year to get the global estimate of stunted under-fives in that year.

Figure 4 shows our results. According to our estimates, the number of stunted under-fives has come
down from 218 million in 1995 to 163 million in 2015. This represents a rate of reduction of 1.5%
p.a.# On current trends, in 2030, when under the current SDG proposals malnutrition will have
been ‘ended’, the number of stunted under-fives will actually be 131 million. The WHA target of a
40% reduction between 2010 and 2025 is quite ambitious. On current trends, the reduction
between 2010 and 2025 will be just 20% not 40%. Reaching the 40% target would require more
than a doubling of the annual rate of reduction in stunting - from the current historical rate of 1.5%
to 3.4%. p.a.§§

§ See http://www.who.int/nutrition/topics/WHA65.6 resolution en.pdf?ua=1

** See http://apps.who.int/gb/ebwha/pdf files/WHA65/A65 11-en.pdf

t The model is of the form: In(Sit)=a+fBt+ui+eir, where Sic is the number of stunted children in country i in year
t, tis the year, u; is the country fixed effect, and ei: the error term. The coefficient fis the growth rate, and the
predicted number of stunted under-fives in year t is equal to & + St + 1i;, where & denotes the estimate of ¢,
etc. The country fixed effect model allows us to get an estimated stunting figure for every country for every
year, including in years after 2014 for which we have no stunting data.

# This is somewhat smaller than the 1.8% estimated by WHO on the smaller dataset.

§§ This is somewhat lower than that estimated by WHO (3.9%).
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Figure 1: Stunting rates, latest year
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Stunting rate among under-fives

Figure 2: Long-term association between stunting and GNI per capita, and latest values
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Figure 3: Annual percentage reduction or increase in stunting rate, 1995-2015

IBRD 42506 | SEPTEMBER 2016

This map was produced by the Map
Design Unit of The World Bank. The

dar

colors, de

and any other information shown

on this map do not imply, on the w
part of The World Bank Group, any

Judgment on the legal status of any

territory, or any endorsement or

acceptance of such boundaries.

Source: authors’ calculations from September 2015 version of the Joint Child Malnutrition Estimates (JME) dataset

-8.5%

ANNUAL % CHANGE

2.4%

13




Figure 4: Trend in stunting and WHA /SDG target
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III. THE COSTS OF STUNTING: PATHWAYS

Figure 5 presents a conceptual framework for thinking about the causes, consequences and
correlates of stunting. It helps understand the costs associated with stunting, as well as the
opportunities for reducing these costs.

Figure 5: Conceptual framework for analysis of stunting costs and causes
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A. Costs associated with reduced cognitive capacity and educational
attainment

Even before the slowdown in a child’s physical development in response to inadequate nutrition,
there is an even greater and longer-lasting effect: the brain slows its growth.3 Some critical
micronutrient deficiencies, particularly iron and iodine, are strongly associated with negative

14



effects on the development of the brain. The significance of stunting (the focus of this note) thus
goes well beyond stature or health more broadly: stunting is a warning that the child in question
may be at serious risk of impaired brain development. Worse still, this is not just a temporary
interruption after which the child returns to its normal development trajectory: significant brain
development occurs during the first years of life, and early ‘insults’ to these biological processes
arising from multiple risk factors (stunting, micronutrient deficiencies, stress and poor stimulation)
can have long-term consequences on brain structural and functional capacity (Figure 6).8 For
instance, stunting in early childhood is associated with important alterations of the stress-sensitive
system (and in particular the symphatetic-adrenomedullary SAM activity).® Alterations in the stress
response system are likely to affect the development of the prefrontal cortex, which is a brain
region that involves attention and self-regulation, and that has been shown to play a critical role on
school readiness early learning outcomes and socio-emotional skills.1? Importantly, the prefrontal
cortex has a protracted period of maturation until adolescence, opening the room for interventions
to shape higher cognitive and noncognitive functions for a longer window of time.

Figure 6: Brain development in early life
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Note: Reproduced with permission from The Lancet 2007 369, 60-70DOI: (10.1016/S0140-6736(07)60032-4) 8. Further permission
required for reuse.

This joint dependence of physical growth and cognitive development on nutrition accounts for the
strong association between stunting in early life and indicators of cognitive capacity in later life.
Height (and weight) gain during the first two years of life (but not later) has been found to have a
longitudinal association with cognition in the COHORTS study conducted in Brazil, South Africa,
Philippines, Guatemala 11. The onset (before 6 months of age) and the persistence of growth
retardation have been found to be related to cognitive delays at age 8 or 11 in the Philippines.2
Severe stunting (HAZ<-3SD) before the age of 2 in Jamaica was found to be associated with 1SD
deficitin IQ at age 9.13 The same size effect was observed in Peru, while moderate stunting
(HAZ<-2SD) had an association of a 0.6SD deficit in IQ, suggesting dose response.!#

Stunting is also negatively correlated with educational attainment, due likely to the link to cognitive
capacity, but perhaps also due in part to the link to height. The longitudinal COHORTS study finds
that that stunting is associated with 0.5 fewer years of schooling 1. Other studies!>1¢ find that early
malnutrition causes delayed enrolment as well as lower ability to learn while in school.

These reductions in cognitive capacity and educational attainment translate into lower earnings in
the labor market in adulthood.!” Estimates suggest that an additional year of schooling might
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translate into a 5-11% increase in earnings: 1819 Broader benefits are also likely beyond earnings,
given that educational attainment are associated with less crime, greater civic participation, and
health!7.20, and it has effects on the nutrition and overall human capital of the next generation.

B. Costs associated with reduced height

Stunting in early childhood has a direct causal effect on stature in adulthood, which has a direct
causal effect on wages in adulthood. Several studies document the persistence of shortness
throughout life. A study in Senegal?! found that the correlations between height in early childhood
and early adulthood (18-23 years of age) were 0.46 for girls and 0.49 for boys. Similar results have
been found in other studies.2223 Structural estimates of height across different stages of childhood
in India, which account for measurement error, show a high degree of persistence in height (albeit
lower than 1) with a correlation of 0.7 between height at age 1 and height at age 8, increasing to 0.8
between height at age 1 and height at age 15.2+

The degree of persistent is significant, but still leaves for the possibility of catch-up growth after the
age of two25-28, with children who were stunted in childhood and who recovered from stunting
having similar levels of cognition to non-stunted children.?? In addition, catch-up has to be weighed
against a higher likelihood of adult chronic diseases, with high blood pressure, overweight

observed during adolescents for children who experienced growth recovery after the age of two.30-
32

Several studies show that height is positively correlated with wages. In developing countries, at
least, the effect of height on wages is attributable in part to workers sorting into occupations
according to their height, depending on occupations’ requirements vis-a-vis strength vs.
intelligence. A recent study found that among male workers in Mexico each centimeter in height is
associated with 2% higher hourly earnings33; this after controlling for health and cognitive
measures. In Indonesia, a study using panel data found that a 1% difference in height was related to
a 2.3% increase in hourly earnings, controlling for sectoral and occupational choice, as well as
(observed and unobserved) family background.3+

Female adult height and stunting have important intergenerational consequences on fetal, newborn
and child outcomes. Each centimeter of maternal birth length is associated with 0.2cm of child birth
length, an important predictor of child stunting status3536 and adult height!!. Maternal stunting has

also been associated with increased risk of intrauterine growth retardation, which may lead to fetal
death or long term cognitive impairment37.

C. Costs associated with impaired health

Stunting in early childhood is negatively correlated with health in adulthood. Malnutrition in utero
and in early childhood has been linked to increased susceptibility to chronic illness in adulthood,
such as obesity, cardiovascular diseases and diabetes.!! Evidence comes from seminal studies that
tracked low birth weight infants into their adult years, as well as a number of studies comparing the
health of middle-aged people born after and during the Dutch famine during World War II, China’s
Great Leap Forward, and the Biafra famine.!”

This extra risk of chronic illness leads to a reduction in welfare in its own right. But it also leads to
lower earnings and higher cost of accessing and using health care services.14
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Chronic exposure to contaminated environments due to poor water quality, sanitation and hygiene
are strongly associated with stunting.38 Cumulative exposure to infection, as documented by
repeated bouts of diarrhea up to the age of 24 months are associated with growth faltering. Recent
research suggests that infection, including subclinical conditions, such as chronic asymptomatic
inflammation and other physiological responses to environmental ‘insults’ may account for a much
larger share of stunting than previously thought.*39

D. Costs associated with worse ‘marriage market’ outcomes

An analysis of data generated by a randomized nutrition intervention in Guatemala in the late
1950s and early 1970s found that HAZ and stunting at 36 months were associated with the
education and height of the spouse.#? Stunted children thus suffer a double disadvantage - they
acquire less human capital themselves, and end up marrying someone with a relatively low level of
human capital. This means a lower household income than would be the case for a non-stunted
individual.

E. Overall costs to stunting in early childhood - previous studies

Given the multiple channels by which stunting affects adult income, and given that these costs
accrue each year after starting work, the overall costs of being stunted in early childhood are likely
to be quite large. One approach to seeing how large they actually are involves taking the various
relationships, attaching a plausible magnitude from the literature, and then summing up to get the
total cost.

Another - more direct - approach is to look at long-term studies that follow people from early
childhood through to adulthood, and simply estimate the effect on income or earnings of an extra
SD on HAZ at age 2, say, or of being stunted at age 2. Two datasets have been used for this purpose.
One is the 1982 Pelotas (Brazil) Birth Cohort study.#! The cohort study included all children born in
the city’s hospitals in 1982. At that time, almost all deliveries in the city took place at hospitals, so
the sample is representative of the city. The other is the Institute of Nutrition of Central America
and Panama Nutrition Trial Cohort (INCAP) study in Guatemala, which was originally an
intervention trial in four villages conducted in 1969 and 1977.4! In both cases, children have been
followed into adulthood, and researchers have analyzed the association between HAZ or stunting in
early childhood and earnings or income in adulthood (ages 21-23 in the case of Brazil, and ages 25-
42 in the case of Guatemala). In the case of Guatemala, the effects of unobservable variables can be
better controlled for because the randomization in the original experiment can be used as an
instrumental variable (IV).%

The Brazil cohort suggests a 1 SD increase in HAZ at 2 years raises annual income by 8% for both
men and women.!! The same authors, using the same OLS method, obtain effects of 8% for men and
25% for women in Guatemala, giving a mean effect of 16%. A more recent study*? of the Guatemala
data find a broadly similar effect for a 1 SD increase in HAZ at 3 years using OLS, and an effect of
being stunted at age 3 of -14%. Larger effects are obtained using [V: -14% and -65% respectively.
Broadly similar results are obtained for per capita household consumption: -9% and -66%.

9 There was also an earthquake that affected some villages and not others, and this is also used as an IV.
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IV. ESTIMATES OF THE COSTS OF STUNTING

In this section we present some new estimates of the costs of stunting. We ask how much lower a
country’s per capita income is today as a result of some of its workers having being stunted in
childhood. This is a backward-looking exercise, asking, in effect, what the costs are today of not
having eliminated stunting in the past. A number of studies have asked how much lower today’s
GDP is as a result of underinvestment in nutrition programs in the past (Alderman et al.2 provide a
review), but none has looked specifically at the consequences of not having eliminated stunting.

In any year, the workforce comprises workers of different ages, typically with proportionally more
young workers than old workers. Young workers are less likely to have been stunted in childhood
than old workers - a worker aged 50, for example, has a probability of being stunted in childhood
equal to the childhood stunting rate 50 almost years ago. The average rate of childhood stunting of
the workforce will reflect childhood stunting rates over the period from around 50 years ago to
around 15 years ago. If those in the current workforce who were stunted in childhood had instead
not been stunted in childhood, they would not have suffered impaired cognitive development
during childhood, they would not have received less education, and they would have grown to a
regular height. Their income today would have been higher by a percentage that reflects the
education penalty associated with childhood stunting, the returns to education, the adult height
penalty to childhood stunting, and the returns to height.

By trawling the literature to find what each of these numbers seems to be, and by finding out the
age distribution of current workers so we can find out what fraction of current workers were
stunted in childhood, we can quantify the per capita income penalty a country incurs for having
some of its workforce stunted in childhood. We estimate that, on average, the per capita income
penalty from stunting is around 7% - per capita income in the developing world would have been
7% higher if nobody currently working had been stunted in childhood. Africa and South Asia incur
larger penalties - around 9-10% of GDP per capita.

A. Methods

We use a development accounting approach.#3-4¢ The method has been used in the growth literature
to explain how income differences across countries at one point in time can be explained by its
proximate determinants, i.e. differences in factors (human and physical capital) and differences in
the efficiency of these factors. Alternative approaches that assess the role of the factors (say human
capital as proxied by schooling) on growth or GDP levels using cross-country regressions are very
sensitive to the sample used or the estimation method used. It is also challenging to tackle the issue
of endogeneity of factors in cross-country regressions. A set of studies in the macro literature has
focused on calibration as an alternative to estimation, where the parameters of the production
function are derived from microeconomic estimates. We follow the literature and assume that
aggregate income can be represented by the Cobb-Douglas production function:

Y = A- (Ny - hk)*K'™®

where Y is aggregate income (or GDP), A is a shift factor (or residual total factor productivity), Nw is
the number of workers, hk is human capital per worker, K is aggregate physical capital, and « is the
elasticity of income with respect to aggregate human capital. If N is population, we can rewrite the
production function in per capita terms as:
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or in log terms as
(1) Iny = InA + aln(Ny,/N) + alnhk + (1 — a)lnk

where y is per capita income and k is per capita capital stock. We assume the log of per capita
human capital can be written:

where Ew is mean years of education among workers, Hy is mean height among workers (in
centimeters), Cw is the mean cognition among workers, r is the rate of return to a year of education,
y is the return to an extra centimeter of height, and ¢ is the return to an extra unit of cognition
(typically measured in standard deviations of the underlying scale). We know that Ew, Hw and Cw
are all associated with the fraction of current workers who were stunted as children, Sw. The higher
this fraction is, the less educated current workers will be, the shorter they will be, and the lower
their cognitive skills will be. Of course, only the second of these is a truly causal relationship; the
others reflect the association between stunting and cognitive development in childhood, and the
associations between cognitive development in childhood, on the one hand, and educational
attainment and cognitive skills in adulthood, on the other.

Substituting eqn (2) in eqn (1) gives:
(3) Iny = nA + aln(Ny,/N) + a[rEy + yHy + 6Cy] + (1 — a)lnk

which is the main equation of our development accounting framework. The percentage effect on
per capita income of a change in the rate of childhood stunting among current workers can be
derived by taking the total differential of eqn (3) with respect to Sw:

_ 0Ew (t) OHw (t) 9Cw (1)
(4) Alny(t) = «a [r 250, (D +y 255 (D +4 asW(t)] ASy, (1)
In eqn (4), 0Ey,/3Sy, is the effect on years of schooling achieved by the date of entry into the labor
force of being stunted in childhood, dHy,, /39S,y is the effect on height in adulthood of being stunted
in childhood, and dCy, /dSyy is the effect on cognitive skills in adulthood of being stunted in
childhood.

It is important to note that the comparative statics exercise that we are performing is partial in
nature. We are looking at how childhood stunting translates into adult earnings via human capital
while holding everything else constant (and importantly A and K). There might be important
externalities and spillover effects that arise from human capital formation that are not accounted
for by the development accounting approach and that are not captured in the estimates of the
private returns to reduction of childhood stunting. More educated and better skilled workers might
better placed to innovate or adopt new technology#?, hence affecting directly A.

There might also be feedback effects due to general equilibrium changes as the relative supply of
skilled workers changes in the relative returns to skills (i.e. r), and hence affect firms decisions to
adopt new technologies that are not skill neutral.#8 We abstract from these externalities and
potential other channels of social returns in this note as the quantitative evidence of such
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externalities is an area of active research. As a consequence, the estimates presented in this
exercise are likely to represent a lower bound of the costs associated with childhood stunting.

B. Parameters

We need values for the parameters of eqn (4) to compute the costs of stunting. We set & equal to
0.666.43 For the returns to education parameter, r, we use the results from Montenegro and
Patrinos*?; we use their Table 3a which shows average returns across men and women for each
World Bank region. We searched the literature for estimates of the remaining parameters: y, the
return to an extra centimeter of height; dE}, /dSyy, the effect on years of schooling achieved by the
date of entry into the labor force of being stunted in childhood; dHy,/dSyy,, the effect on height in
adulthood of being stunted in childhood; and dCy, /Sy, the effect on cognition in adulthood of
being stunted in childhood.

The results of the literature search are shown in Table 1. We averaged the parameter estimates
across the studies, giving a weight of 5 to the estimates based on the COHORTS study since these
estimates are derived from data from five developing countries (India, Guatemala, India,
Philippines and South Africa). Panel A of the table provides micro estimates of the effect of having
been stunted in childhood on adult and adolescent height, in centimeters dHy, /Sy, , as well as the
returns to height on earnings in the labor market (y), conditional on years of schooling. Most
estimates are drawn from longitudinal studies that have both stunting at childhood and earnings.
The effects of being stunted in childhood on attained adult (or adolescent) height are very similar
when looked at as unconditional associations, or as conditional associations, controlling for years of
schooling and other socioeconomic characteristics. We take the mean estimate across all studies:
moving from moderate stunting (defined as the height for age z-scores being below 2 standard
deviations from the reference population) to non-stunting increases the height on average by 5.98
centimeters.

When looking at the height premium in the labor market, a number of studies have documented
how height gets rewarded in the labor market, over and above schooling and cognition. The results
are mainly from middle-income countries, and available only for men, to avoid having to model
participation or selection into the labor market by females. On average, an additional centimeter in
height translates into 1.7% higher wages in the labor market, after controlling for years of
schooling, and sometimes cognition too.

The second panel B looks at the association of having been stunted in childhood and completed
years of schooling: on average, being stunted in early childhood translates into 1.59 fewer years of
schooling completed, which is reduced by about half when controlling for socioeconomic status and
maternal education.

Finally, the left-hand columns in panel C summarize the estimates of the association between
moderate stunting in childhood and cognitive deficits on the left-hand panel: the magnitude of the
association is quantitatively important, with an average cognitive deficit of 0.625 standard
deviations associated with moderate stunting. The right-side of panel C presents estimates of the
conditional returns to cognition in the labor market, controlling for years of schooling and attained
height, derived from longitudinal studies in middle-income countries, and available only for men, to
avoid having to model participation or selection into the labor market by females.
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Table 1: Review of estimates of effects of stunting on height, schooling and cognition, and their effects on earnings

Panel A: height

Effect of stunting on height (in cm): ';?—W
w

Effect of height on earnings y

Study Country Adult age M/F Unconditional conditional Unconditional Conditional
Adult height
Thomas and Strauss®? Brazil 25-50 M/F — 0.014"
M — 0.015
F 0.013
LaFave and Thomas3* Indonesia (WISE) 25-65 M — 0.023 0.0128
Vogl33 Mexico (MFLS) 25-65 M — 0.023 0.0138
Giles, Witoelars! Indonesia (IFLS) 21-26 M/F -3.002 -2.953 0.0308
M -4.501 -4.333 0.026
F -3.751 -3.623 0.037
Bossavie et al52 Pakistan 15-64 M 0.009 0.008
Victora et al'! COHORTS study (Brazil,
Guatemala, India, the
Philippines, and South 21-23,26-41,
Africa) 26-32,21,15 M/F -6.480 — —
Adolescent height
Fernald, Galasso, Webers3 Madagascar 7-10 M/F -5.400 — —
Colyetal 2 Senegal 18-23 M/F -7.800 — —
M -9.000
F -6.600
Alderman et al.?2 Zimbabwe 17 M/F -5.230 — —
Mean across all studies (weighting COHORTS x 5) -5.981 cm 0.018 0.015
Median across all studies (weighting COHORTS x 5) -6.480 cm 0.023 0.013

Notes: * conditional on years of schooling; § conditional on years of schooling and cognition (Raven).
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Panel B: years of schooling

Effect of stunting on years of schooling Zi—w
\/'4

Effect of years of schooling on earnings r

Study Country Adult age M/F Unconditional conditional Unconditional Conditional$
Giles, Witoelar5t Indonesia 21-26 M/F -0.717 -0.583 0.050
M -0.418
F -0.620 -0.043
Pitt, Rosenzweig and Hassan5* Bangladesh 20-49 M/F — 0.042
LaFave and Thomas34 Indonesia 25-65 M — 0.083
0.073
Vogl33 Mexico (MFLS) 25-65 M
Martorell et al®s COHORTS study (India, 21-23,26-41, M/F -1.840 -0.920 —
Guatemala, Philippines, 26-32,21,15
South Africa)
Alderman, Hoddinott and Zimbabwe 17 M/F -1.240 —
Kinsey??
Mean across all studies (weighting COHORTS x 5) -1.594 years -0.864 years
Median across all studies (weighting COHORTS x 5) -1.840 years -0.920 years

§ conditional on height and cognition
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Panel C: cognition

Effect of stunting on cognition (in SD) Zg—w
W

Effect of cognition on earnings §

Study Country Adult age M/F Unconditional conditional Unconditional Conditional
Giles, Witoelar5t Indonesia 21-26 M/F -0.037 -0.008 0.038
M 0.06
0.066 0.08
F -0.133 -0.123 0.021
LaFave and Thomas34 Indonesia 25-65 M —
0.077
Vogl33 Mexico (MFLS) 25-65 M B 0.011
Bossavie et al5? Pakistan 15-64 M o 0.024
Glewwe, Jacoby and King?é Philippines 11 M/F -0.870 — —
Walker et al56 Jamaica 17-18 M/E -0.930 -0.710* —
Berk 14 P 9 M/F —
eriman e -0.670 -0.367 %
Grantham McGregor et al® COHORTS study (India, 21-23, 26-41, M/F -0.675 — —
Guatemala, Philippines, 26-32,21,15
South Africa)
Mean across all studies (weighting COHORTS x 5) -0.625 SD 0.043 (men)
Median across all studies (weighting COHORTS x 5) -0.685 SD 0.042 (men)

Notes: * conditional on SES, § conditional on schooling, and height
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We set ASy, equal to the average rate of childhood stunting among today’s workers, i.e. those
working in 2014. Thus Alny is the percentage difference between actual per capita income today
and what it would have been if none of today’s workers had been stunted in childhood. We compute
the average rate of childhood stunting among today’s workers as the (estimated) under-five
stunting rate in the year when the median aged worker was aged 2. We estimate the median age of
today’s workers using the distribution of the population across five-year age bands from 15
through 55 using the WDI population age structure data. Childhood stunting rates are available
only for relatively recent years in the JME-World Development Indicators dataset, so we used the
modelled estimates in the dataset of Paciorek et al.5” Their data go back to 1985, so when the
median age worker was 2 in an earlier year, we use the 1985 childhood stunting rate.

As an example, take a country like Bangladesh. The median age worker for Bangladesh as from the
WDI age structure in 2014 was 30. Even though the stunting prevalence in Bangladesh has almost
halved in the past three decades, the relevant stunting prevalence for this exercise is the year when
the median age worker was 2, that is the year 1986 (2014-30+2). The childhood stunting in 1986
(ASy, ~over 70%) among today’s workers is used to compute the country-specific income penalty
from equation (4) using the estimated effects on stunting education height and cognition as

summarized below:

Table 2: Assumptions in estimating the cost of childhood stunting

Parameters

Effects of stunting on:
Education (9E, /3S,,) -1.594 fewer years of education See Table 1
Height (0H,,/3S,,) -5.981 cm shorter See Table 1
Cognition (dC,/dS,,) -0.625 SD lower cognition See Table 1

Returns to:

Education (r)

Region-specific percentage extra income per

extra year of education

Montenegro and Patrinos*

Height (9)

1.7% extra income per extra cm

See Table 1

Cognition ()

4.3% extra income per extra SD

See Table 1

Elasticity of income with respect to
human capital, i.e. labor share (@)

0.67

Hanushek and Woessmann*3

C. Results

The results are shown in

Table 3 and Figure 7. The rates of childhood stunting among today’s workforce varies considerably
across countries depending on the historical stunting rate and the age distribution of the
population. Only 6% of Hong Kong’s workforce was stunted in childhood. In Chile, the figure was
8%. By contrast, two thirds of India’s current workforce was stunted in childhood. Over 70% of
Bangladesh’s workforce was stunted in childhood.

In part, because of these differences, the cost of stunting - in terms of the reduction in per capita
income from some of today’s workforce being stunted in childhood - varies considerably across
countries, from 1% to 13%. The average is 7%. Africa and South Asia are the regions with the
largest average penalties — around 9-10% of GDP per capita. Countries with stunting-induced per
capita income reductions less than 2% include Bermuda, Chile, Fiji, Hong Kong (China), Samoa,
Seychelles, Tonga, and Trinidad and Tobago. At the other extreme, Ethiopia’s per capita income is
13% less than it would have been if none of its workforce had been stunted in childhood. Other
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countries with large ‘stunting penalties’ include Burundi, Guatemala, Malawi, Mozambique,
Rwanda, and Vietnam.

Table 3: Costs of childhood stunting among today’s workforce

Region No. countries Mean
East Asia & Pacific 23 -7%
Europe & Central Asia 9 -5%
Latin America & Caribbean 33 -5%
Middle East & North Africa 19 -4%
North America 1 -2%
South Asia 8 -10%
Sub-Saharan Africa 47 -9%
Total 140 -7%
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Figure 7: Costs of childhood stunting among today’s workforce
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V. NUTRITION-SPECIFIC PROGRAMS AND THEIR EFFECTS - A
REVIEW

Stunting may reflect inadequate food and nutrient intake, disease3958, maternal health, and
maternal stature3é (the stature of women of child-bearing age affects the scope for a country to
reduce stunting). Lack of access to adequate food at the household level, inadequate access to
health services and a healthy environment, and poor parental ‘caring’ practices (including gender
bias) all play a role in determining the likelihood of a child being stunted. Governments cannot of
course directly determine these factors, but they can influence them: by subsidizing the price of
food; by promoting dietary diversity in agriculture; by increasing the incomes of the poor through a
cash transfer program; by expanding access to and increasing the affordability of health care; by
integrating nutrition into health services; by improving the environment, including water and
sanitation infrastructure; and by educating women about caring for young children.

These initiatives are often grouped into two types: nutrition-specific and nutrition-sensitive
interventions. In recent years, the effects of both sets of interventions have been studied, often
through randomized trials and experiments. The findings of these studies have also been assessed
through systematic reviews and their impacts summarized through meta-analyses.

In this section we review the evidence on nutrition-specific interventions. In section VII we review
the evidence on nutrition-sensitive interventions.

A. Nutrition-specific interventions - evidence on impacts on stunting

A variety of ‘nutrition-specific’ initiatives have been adopted, all of which have been the subject of
systematic reviews and meta-analyses.59-63 The major ones include:

a) Breastfeeding promotion delivered by community health workers or peer counsellors
visiting the mother’s home;

b) Vitamin and micronutrient supplementation, including vitamin 4, iron, zinc, and folic acid,
sometimes in combination;

c) Education of mothers and caregivers in their homes or at a facility about complementary
feeding by community health workers or facility-based staff;

d) Provision of complementary foods, either given to children at a central location, or to
mothers and caregivers for use at home;

e) Provision of complementary foods with micronutrient fortification, where the fortification is
usually done through central processing of the complementary food but sometimes through
the addition of micronutrient supplements to the home-prepared food; and

f) Increasing the energy density of complementary foods (especially cereal gruels) through
the use of simple technologies such as adding amylase to cereal gruels, and soaking,
germination and roasting.

The evidence on these initiatives (effectiveness and efficacy studies) emerging from the systematic
reviews and meta-analyses is summarized in Table 4. Note that the focus of this review is on
impacts on stunting. Many of these interventions have been shown to have impacts on child
survival, anemia, and/or severe or moderate acute malnutrition. Meta-analysis have shown that the
supplementation of vitamin A and the provision of multiple micronutrients to pregnant women6+
have significant impacts on infant and childhood mortality from all causes, and in particular on
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diarrhea-specific mortality. Meta-analyses have also shown impacts of preventive zinc-
supplementation on morbidity, and on diarrhea- and pneumonia-related mortality®s, and exclusive
breastfeeding has been shown to have an impact on pneumonia-mortality®s.

As far as impacts on stunting are concerned, there have been more studies of breastfeeding
promotion and vitamin- and micronutrient-supplementation than of education and complementary
food provision. The majority of initiatives evaluated to date are ‘efficacy’ trials, i.e. in the
intervention studied there was “a high degree of assurance of delivery of the ‘treatment’, generally
under carefully controlled research conditions (e.g. provision of a fortified complementary food
with frequent follow-up to assess adherence).”¢3 Only a few of the evaluations conducted to date
have been ‘effectiveness’ studies, i.e. in a program setting, “generally with less ability to control
delivery of and adherence to ‘treatment’.63 The latter studies are, of course, more informative for
policymakers because they give a better guide as to what would happen in a real program;
unsurprisingly, the impacts tend to be smaller in these effectiveness studies than in the efficacy
trials.

In terms of impacts, typically only a small fraction of studies in each intervention type have found
statistically significant impacts on height or stunting. In fact, with the exception of one recent meta-
analysis covering education and complementary food provision, all meta-analysis have reported an
overall effect for the studies combined that was not significantly different from zero. And this
result was driven by two studies conducted in just one country—China; this raises serious
questions about the generalizability of the results from this meta-analysis.

The authors and experts in the field summarized the evidence on impacts on stunting thus:

a) Breastfeeding promotion: “Breastfeeding promotion interventions were not associated with
significant changes in weight or length.”60

b) Vitamin and micronutrient supplementation: “Strategies to increase bioavailability of key
nutrients such as iron and zinc have generally failed to reduce stunting.” 4 “Our findings
confirm earlier results of no benefits for interventions including iron and vitamin A only but
differ from the earlier meta-analysis that found improvements in linear growth for zinc only
interventions. This may be due to the improved nutritional status of children in the more
recent studies. Multiple micronutrient interventions improve linear growth, but the benefits
are small. Other strategies are needed to prevent stunting.”s°

c) Education of mothers and caregivers. “Educational interventions to improve complementary
feeding practices are often effective at changing behaviors, but their impact on stunting has
been less impressive. Most of the educational interventions included in the systematic
review conducted in 2008 showed either no impact or a modest effect on linear growth.”

d) Provision of complementary foods. “Provision of complementary food has had a positive
impact on linear growth in some ... studies. The average effect size has been modest (~0.2-
0.3), but there has been a wide range of impact, perhaps reflecting variations in the target
populations’ food security and the nutrient quality of the food provided.”4 “The ... provision
of complementary foods (*nutritional counseling) and ... nutritional counseling alone ...
were found to result in a significant increase in ... linear growth.”6!

e) Provision of complementary foods with micronutrient fortification. “Fortification of
complementary foods with micronutrients via central processing or home fortification
strategies (such as micronutrient powders), without any additional macronutrients (energy,
protein or fat), has generally not affected linear growth.”*
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f) Increasing the energy density of complementary foods. “Interventions to increase the energy
density of complementary foods have yielded mixed results. Of the five studies included in
the systematic review, two had a positive impact on linear growth but three had no impact
on energy intake or growth.”#
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Table 4: Summary of meta-analyses of effects of nutrition-specific interventions on stunting and height

% of studies

Year abouta % high % significant Mean effe(.:t
. . . # i . across studies
Intervention Delivery mechanism of Study . program or v. high effect with I
studies . e er e significant?
study (rather than quality right’ sign .
. . Effect size
efficacy trial)
Vitamin A 15 100% 13% No (0.08 SD)
supplementation
Iron supplementation 2009 Ramakrishnan 34 100% 9% No (0.01 SD)
Zinc supplementation etal.s? 53 100% 17% No (0.07 SD)
Iron & zinc 7 100% 14% No (0.0 SD)
Multiple micronutrients 2 100% 50% Yes (0.09 SD)
Breastfeeding promotion 2015 Giugliani et al¢° 17 60% 12% No (0.03 SD)
Education about Education of mothers and caregivers in their 2008 | Dewey etal.s3 8 50% 13% 38% n/a
complementary feeding homes or at a facility about complementary
feeding by community health workers or
facility-based staff
Education about Education of mothers and caregivers in their 2011 Imdad et al.6! 7 29% Yes (0.19 SD)
complementary feeding homes or at a facility about complementary
feeding by community health workers or
facility-based staff
Provision of Provision of complementary foods, either given 2008 | Dewey etal.s3 8 20% 0% 63% n/a
complementary foods - to children at a central location, or to mothers
only and caregivers for use at home;
Complementary food & Provision of complementary foods, either given 2008 | Dewey etal.s3 8 75% 13% 0% n/a
education to children at a central location, or to mothers
and caregivers for use at home;
Complementary food & Provision of complementary foods, either given 2011 Imdad et al.! 11 27% Yes (0.21 SD)
education to children at a central location, or to mothers
and caregivers for use at home;
Provision of Provision of complementary foods with 2008 | Dewey etal.s3 6 22% 56% 17% n/a
complementary foods micronutrient fortification, where the
with micronutrient fortification is usually done through central
fortification processing of the complementary food but
sometimes through the addition of
micronutrient supplements to the home-
prepared food
Increasing the energy Increasing the energy density of complementary 2008 | Dewey etal.s3 5 0% 0% 20% n/a

density of complementary
foods

foods
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B. Positive experiences with nutrition-specific programs

Despite the limited (and often statistically insignificant) effects of nutrition-specific interventions
seen in the meta-analyses reviewed above, several countries have brought stunting rates down
using nutrition-specific interventions, albeit sometimes combined with nutrition-sensitive
interventions.

In Peru, stunting was stuck at around 30% through most of the 2000s. Then in the period 2007-14,
stunting fell by half to just 14%. The reduction is thought to be attributable to a series of concerted
policy efforts and policies, beginning around 2006, driven by strong political commitment up to the
level of the President, with measurable time-bound goals (the president announced a 5x5 target -
reducing child malnutrition by 5 percentage points in 5 years). An inter-ministerial coordination
platform within the cabinet was set up, aiming to integrate multi-sectoral nutrition initiatives to
benefit 5 million under-fives. Information videos were produced and disseminated, and nutrition
was integrated into the country’s conditional cash transfer program (Juntos). Substantial
investments were made in the supply side of the health system, with performance-based budgeting
introduced. An evidence-based and highly targeted nutrition program was introduced and included
in the performance-based budgeting initiative.

In Senegal, the government made a policy shift in 2000 from humanitarian assistance in the wake of
a crisis to a focus on the more common problem of stunting. The initiative, as in Peru, was driven by
political leadership at the highest level. Key elements included: evidence-based programming
focusing on high-impact, low-cost interventions; innovative community mobilization approaches
including a network of around 10,000 community volunteers grandmother clubs, and pregnant
women solidarity circles; inclusive, decentralized management with high levels of community
participation supported by a tripartite arrangement between public service providers, NGOs and
local government; and integrated service delivery by which the community-based service delivery
platform has successfully been used for insecticide-treated bed net distribution, therapeutic care of
acute malnutrition; production of iodized salt; home fortification of infant food with micronutrient
powders; and targeted food security support. Stunting has come down from more than 30% before
2000 to approximately 19% now.

Madagascar has a prevalence of stunting over 50%, among the highest in the world. The
government has a flagship National Community Nutrition Program, now reaching 2.1 million
mothers and children under five years of age, delivering growth-monitoring activities, culinary
demonstrations, and nutrition education of primary caregivers through a network of over rural
7,000 sites. The results of a long-term impact evaluation of the community-based nutrition program
spanning 1998-2011 showed that while the program had a significant impact on weight-for-age
(underweight), the short-term small effects on stunting were not sustained in the long run. In 2012,
the long term-evaluation results and the emerging global evidence on stunting, spurred the
Government to drastically rethink its strategy and scope on multiple fronts. The government is
using design tools to better understand maternal behavioral change and rethinking how frontline
workers are trained, monitored and motivated. An ongoing trial is testing the cost-effectiveness of
lipid-based nutrient supplements (LNS) for pregnant women and children as a preventative tool, as
well as the integration of nutrition and early stimulation activities. In addition to strengthening
delivery and uptake of nutrition specific interventions, a potential future IDA operation will focus
on broadening the scope for nutrition-sensitive interventions through a multi-sectoral approach.
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Common elements in these three experiences include: political commitment at the highest level;
evidence-based planning; integration of community delivery mechanisms and the health system;
and an approach that involves leveraging additional impact from nutrition-sensitive approaches.

C. Nutrition-specific interventions - evidence on impacts on cognition

So far we have focused on the effects of nutrition-specific interventions on stunting. Many, however,
also have effects on adult outcomes in terms cognition, or, depending on the study, completed years
of schooling, without necessarily affecting stunting directly (Figure 5 makes this clear).

Table 5 summarizes the evidence on these effects, focusing on the subset of interventions included
in the Bhutta et al.! 2013 Lancet nutrition series package to address maternal and child
malnutrition during the first 1,000 days of life. (We focus on this list because we estimate the rate of
return to this package of interventions in section VI.) The package excludes some health and
nutrition interventions that have been shown to have an association with cognition (and long-term
human capital outcomes) but not stunting. Deworming during pregnancy and early childhood is one
of the excluded interventions. The previous (2008) Lancet nutrition series¢’ did, in fact, include
deworming as an optional intervention to be implemented in areas with high rates of soil
helminths. Deworming has a low unit cost per child, and sizable impacts on cognitioné869 (0.15-0.3
SD) and on adult schooling attainment?° (0.3 years of schooling). Another excluded intervention is
immunization: the one study to date’! found an impact of about 0.5 SD on cognition. Also excluded
is malaria prevention: we found no studies of the cognition effects. We should also emphasize that
we are focusing on effects on cognition and years of schooling. Some of the interventions in the
Bhutta et al. package may affect incomes through other channels: vitamin A supplementation, for
example, has been proven to prevent blindness, with clear implications for productivity.

A new set of meta-analyses and long term longitudinal studies have shown the sizable association
between breastfeeding and cognition and schooling in adulthood, with an average effect size of 0.27
SD on cognition.” The literature has highlighted two mechanisms that explain these effects: a
biological one, associated with the presence of fatty acids in breast milk but not in formula milk,
and a behavioral one, that relates to an improved mother and child interaction. Two interventions
of breastfeeding promotion?3 that have been evaluated in developed countries seem to support the
importance of the biological link from early brain development to cognition, as neither study found
evidence of changes in the quality of mother and child interaction, or of effects on child behavior
and noncognitive skills.

Although iodine is a necessary nutrient throughout the life cycle, iodine deficiency during
pregnancy has long been recognized to be associated to irreversible effects on brain development.7+
The most recent meta-analysis’> summarizes the cognitive deficit of iodine deficiency to be of 7.4 1Q
or 0.49 SD in cognitive scores. An important study in Tanzania’¢ has documented the persistent
impact of exposure to a large scale iodine supplementation in utero to grade attainment and
progression 10 to 14 years, with an “estimated 0.35-0.56 years of additional schooling relative to
siblings and older and younger peers”.

Meta-analyses of multiple micronutrient supplementation rely on a limited number of studies that
collect information about child development outcomes. 77 Evidence from four efficacy trials
documented an average impact on fluid intelligence and academic performance of 0.30 SD. A more
recent longitudinal study in Indonesia’8 found a sustained effect on child cognition, with the largest
effects on women who were malnourished and women who were anemic at the time of enrolment.
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Table 5: Evidence on the effects of selected nutrition interventions on cognition

% of
:{::ﬁ:f; % high Mean effect across
Year # program orv % significant studies significant?
Intervention of Study studies (rather high. effect with Effect size on
study than quality 'right’ sign cognition/academic
. performance
efficacy
trial)
Breastfeeding 2015 Horta et al.”® 16 - 100% Yes (0.27 SD)
Iodine 2013 Bougma et al.”s 24 40% 95% Yes (0.49SD,
7.41Q)
Multiple 2010 Eilander et al.”” 4 - 100% - Yes (0.30 SD)
micronutrients

VI. THE ECONOMIC RETURNS TO A NUTRITION PROGRAM

The systematic reviews and meta-analyses reviewed in section IV suggested that nutrition-specific
interventions do not have very large effects on stunting, and often the effects fail to attain statistical
significance. This does not mean, however, that the economic returns to such programs are so small
as to mean that investing in them is not worthwhile. As has just been seen, nutrition interventions
affect cognition as well as (and sometimes instead of) stunting, and cognition affects income.
Moreover, to decide whether nutrition-specific programs are a worthwhile investment, we need to
know their costs, not just the benefits that they bring through more education, stronger cognitive
skills, and increased stature.

In this section we present estimates of the economic returns to implementing a package of
nutrition-specific interventions whose costs and stunting impacts have been estimated and
reported in a peer-reviewed journal, namely the package devised by Bhutta et al.! ttt We assume a
gradual scale-up of intervention coverage from current rates to 90% (the coverage rate assumed by
Bhutta et al.). This package is then implemented each year thereafter at 90% coverage. We estimate
the benefits on the assumption that in the absence of the program stunting would have fallen at an
annual rate of -1.5% p.a.

A. The Bhutta et al. nutrition package

The Bhutta et al. package includes 10 interventions, each of which is assumed to be taken to 90%
coverage. The effects on stunting and costs are estimated for 34 countries## that together account
for 90% of the world’s stunted children. The interventions (with, in parentheses, annual aggregate
costs across the 34 countries in 2010 international dollars) are: (i) salt iodization ($68m), (ii)
multiple micronutrient supplementation in pregnancy including iron-folate ($472m), (iii) calcium
supplementation in pregnancy ($1,914m), (iv) energy-protein supplementation in pregnancy

Tt At the time of writing, this is, in fact, the only package for which both region-specific costs and stunting
impacts have been reported in a public-domain document.

## The countries are: Afghanistan, Angola, Bangladesh, Burkina Faso, Cameroon, Chad, Congo, Dem. Rep., Cote
d'lvoire, Egypt, Arab Rep., Ethiopia, Ghana, Guatemala, India, Indonesia, Iraq, Kenya, Madagascar, Malawi,
Mali, Mozambique, Myanmar, Nepal, Niger, Nigeria, Pakistan, Philippines, Rwanda, South Africa, Sudan,
Tanzania, Uganda, Vietnam, Yemen, Rep., and Zambia.
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($972m), (v) vitamin A supplementation in childhood ($106m), (vi) zinc supplementation in
childhood ($1,182), (vii) breastfeeding promotion ($653m), (viii) complementary feeding
education ($269m), (ix) complementary food supplementation ($1,359m), and (x) severe acute
malnutrition management ($2,563m). It is important to note that the latter - management of severe
acute malnutrition - represents the largest component of the cost, affecting child mortality but not
stunting or cognition. Scaling these 10 interventions up to 90% coverage is estimated to reduce
stunting across these 34 countries by 20% at an aggregate cost of $9,559m.

B. Methods

Suppose we have a nutrition program, like that proposed by Bhutta et al., and we know its costs and
its effects on stunting rates and on cognition. We can compute the internal rate of return, i, of the
program:

w AY(@) _ woo C)
(5) Zt:l (1+i)t - Zt:l (1+i)t
where Ay(t) is the income change due to the program and C(t) is the cost of the program. The
internal rate of return is the value of i that equalizes the net present value (NPV) of the benefit
stream (the left-hand side) and the NPV of the cost stream (the right-hand side). We can also
impose a specific discount rate and compute the NPVs of the benefit and cost streams, and compute
the (discounted) benefit-cost ratio.

To get the benefit stream, we can totally differentiate eqn (3) with respect to a nutrition program to
get:

( ) diny(t+t) _ {[ OEy (t+7) 6HW(t+‘L')] OSy (t+71) dSc(t) aCy (t+71) dCC(t)}
dDy(t) aSy (t+71) ISy (t+1)1 9Sc(t) dDy(t) aCc(t) dDy(t)

The nutrition program affects income through three channels. The first two are an education effect
and a height effect: the program lowers stunting among children today (dS.(t)/dDy(t)) which
leads to a lower childhood stunting rate among workers in years to come (9Sy, (t + 7)/3S¢(t))
which is associated with a higher level of educational attainment (9Ey, (t + t)/3dSy,(t)) and
increased stature (0Hy, (t + t)/0dSy,(t)) among future workers, and this translates into higher
future incomes (r and ). The third channel is a cognitive effect: some nutrition interventions
increase cognition among children today (dC(t)/dDy(t)) without necessarily affecting stunting,
and this translates into a higher level of cognition among workers in years to come

(0Cy (t + 1)/0C(t)), which translates into higher incomes ().

Both a5y, (t + 7)/0S:(t), which captures the transmission of changes in stunting among today’s
children to the childhood stunting rate among workers t years in the future, and

dCy (t + 1)/0C(t), which captures the transmission of changes in cognition among today’s
children to the cognition among workers 7 years in the future, depend on 7. For T < 15, both will be
zero, since the beneficiaries of the nutrition interventions have yet to join the labor force. As t
increases beyond 15, Sy, (t + t)/3S-(t) and dCy, (t + 7)/9C-(t) become positive. If, for example,
the rate of childhood stunting were constant in the absence of the program, Sy, (t + t)/9S¢(t)
would eventually reach 1 and stay at 1. In other words, if 7 is sufficiently large, a given change in
stunting among children at time ¢ will translate into an equal change in the average rate of
childhood stunting among workers at time t + 7. The same logic applies to dCy, (t + 7)/9C(t).
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C. Parameters

We summarize our assumptions in Table 6.

Table 6: Assumptions in estimating returns to nutrition program

Parameter Assumption Source
Counterfactual trends:
Stunting (S) 2016 rate from WDI, closest year. Trend before | Authors’ assumption
and after follows -1.5% p.a. growth, based on
analysis in section II
Cognition (C) 2016 z-score assumed to be 0.0 SD. No trend Authors’ assumption

assumed

Per capita income (y)

2016 per capita income from WD], closest year.
Country-specific trend thereafter given by
country-specific growth rate from IMF WEO
forecast, with growth rate being reduced over
time according to reciprocal function with 2125
growth rate equal to 50% of 2016 growth rate

Authors’ assumption

Program effects on:

Stunting (dS¢(t)/dDy(t))

20% reduction (assumed relative to
counterfactual). Program assumed to be scaled
up over 10-year period, 20% reduction below
trend being reached in 2025. Program remains
in place thereafter so stunting remains 20%
below trend thereafter

Bhutta et al.!

Cognition (dC.(t)/dDy(t))

0.487 extra SDs of cognition relative to
counterfactual. Program assumed to be scaled
up over 10-year period, 0.487 increase above
trend being reached in 2025. Program remains
in place thereafter so cognition remains 0.487
SDs above trend thereafter

See table 1. For each intervention in
Table 5 we multiply the estimated
cognition effect by 0.9 minus the
fraction of children currently covered
by the intervention. Current
intervention coverage rates from
various sources.5S§

Transmission of effects from childhood to
adulthood

Stunting (8Sy, (t + 7)/0S.(t))

Cognition (0Cy, (t + 1) /3C ()

Assume 15 years before joining labor force, and
adult working life of 40 years

Authors’ assumption

Effects of stunting on:
Education (9E,, /OES,) -1.594 fewer years of education See Table 1
Height (0H,,/0ES,,) -5.981 cm shorter See Table 1
Returns to:

Education (r)

Region-specific percentage extra income per
extra year of education

Montenegro and Patrinos*

Height (»)

1.7% extra income per extra cm

See Table 1

Cognition (9)

4.3% extra income per extra SD

See Table 1

Elasticity of income with respect to
human capital, i.e. labor share (@)

0.67

Hanushek and Woessmann43

Program costs

Aggregate costs from for WHO groups of
countries divided by aggregate population to
get per capita costs for each WHO group. Given
program assumed to be scaled up over 10-year
period, per capita costs also rise accordingly,
reaching full per capita cost only in 2025. Cost
stays constant thereafter

Bhutta et al.t

Discount rate

5%

Authors’ assumption

Time horizon

2125

Authors’ assumption

§8§ The coverage rates for breastfeeding and maternal multiple micronutrient supplementation are the same
as those used by Bhutta et al in the LiST model. The iodine supplementation coverage indicator is salt
iodization; the data are from UNICEF.
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We compute, for each country, time paths of childhood stunting and cognition without the nutrition
program, to which we apply the program effects dS.(t)/dDy(t) and dC;(t)/dDy(t).

We get the counterfactual childhood stunting time path by setting the 2015 childhood stunting rate
equal to the latest JME-WDI childhood stunting rate for the country in question, and then assuming
that before and after 2015 stunting falls at an annual rate of 1.5% (the rate we computed in section
Il above). For the counterfactual cognition time path, we assume zero change in the absence of the
nutrition program, and assume the z-score is initially zero.

As in a recent World Bank report8?, we assume the program goes to scale gradually over a 10-year
period between 2016 and 2025, achieving Bhutta et al.’s estimated 20% reduction (compared to the
counterfactual) in 2025. This gives us, after 10 years, a value of dS;(t)/dDy(t) (in terms of year-to-
year changes) equal to -3.7%. We assume the program is maintained at the same scale thereafter so
the stunting rate remains at 20% below the counterfactual rate for all periods after 2025.

We estimate the change in the cognition z-score attributable to the nutrition program,
dCq(t)/dDy(t), by multiplying, for each intervention in the Bhutta et al. package, the estimated
cognition effect of the intervention (obtained from Table 5) by 0.9 minus the fraction of children
currently covered by the intervention. (The effect size is relevant for going from 0% to 100%,
whereas the program takes intervention coverage from its current rate to 90%.) We use the
estimated mean cognition effects from the meta-analyses summarized in Table 5. The current
intervention coverage rates are from various sources.” We assume the effects are achieved over a
10-year period, in line with the assumption that the program is scaled up gradually over a 10-year
period.

To get dSy, (t + 7)/0Sc(t) and dCy, (t + 7)/0C-(t) we need to make assumptions about the number
of years before a child starts working (we assume 15 given that stunting rates apply to under-fives)
and about the number of years an adult will spend at work (we assume 40). In addition, we need to
know the distribution of the population across age groups - not all under-fives will survive through
to age 55, some may survive but may migrate elsewhere, etc. We take the age distribution of the
population across five-year age bands from 15 through 55 using the WDI population age structure
data. These assumptions allow us to quantify how reductions in stunting and increases in cognition
among today’s children translate into reductions in childhood stunting rates and increases in
cognition among the working-age population in years to come.

We use the same values of , r, 3, 6, 0Ey,/dSy,, and 0Hy,/dSy, as in the previous exercise. Applying
these assumptions, and the others listed above, we get a time path for Alny(t), the percentage
change in y(t). To compute the time path for Ay(t), and hence the NPV of the benefit stream, we
need to estimate the counterfactual time path for per capita income to which we can apply the
estimated percentage change due to the program, Alny(t). For the counterfactual time path of y(t),
we take GNI per capita (converted using PPP) for the latest year from the WDI, and project it
forwards, initially using the annual average IMF April 2016 World Economic Outlook (WEO)
estimated growth rate over the period 2014-2021, then reducing the growth rate over time
asymptotically (via a reciprocal function) until it reaches 50% of the IMF growth rate in 2125.

sokokok

The coverage rates for breastfeeding and maternal multiple micronutrient supplementation are the same
as those used by Bhutta et al. in the LiST model. The iodine supplementation coverage indicator is salt
iodization; the data are from UNICEF.

36


http://data.unicef.org/nutrition/iodine.html

For costs, we use the program costs computed by Bhutta et al.! To get the program cost per capita
(i.e. per person living in the country, not per under-five child), we take the aggregate program costs
for each group of countries in Bhutta et al.’s Web Appendix Panel 15 (the groups are WHO regions),
and divide the aggregate cost of each group by the aggregate population of that country group (we
take the population data from WDI). As already mentioned, we assume that the scaling-up process
takes 10 years, so we assume the full cost per capita is reached only in year 10; in year 9, the cost is
9/10t of the full cost, etc.

D. Results

Figure 8 shows the results of our assumptions in terms of trends in stunting. The counterfactual
rate of stunting among children falls at 1.5% per year. The nutrition program kicks in in 2016
reducing the rate of stunting among children below the counterfactual; the program reaches its full
scale in 2025, at which point the reduction in the rate of stunting below the counterfactual reaches
20%. By 2025, stunting has fallen by 36% compared to its 2010 value - 4 percentage points below the
40% target reduction adopted by the sixty-fifth World Health Assembly. We assume the nutrition
program is sustained at scale and thereafter stunting stays at 20% below the counterfactual.

It takes much longer than 10 years for the childhood stunting rate among workers to fall by 20%.
The childhood stunting rate among workers in any year is a weighted average of the childhood
stunting rates that were prevalent when today’s workers were children. Given the lag between
childhood and joining the labor force, and the assumed 40-year working life, the childhood stunting
rate among workers today thus exceeds the rate of stunting among today’s children by a large
margin. For the same reasons, it is 15 years before the effect of the nutrition program is felt on
childhood stunting rates among workers. And even then the decline is slower than the decline 15
years previously in the stunting rate among under-fives: the rate of stunting among children falls to
20% below its counterfactual value within 10 years of the start of the program; by contrast, it takes
55 years for the childhood stunting rate among workers to fall to 20% below its counterfactual rate.

Figure 8: Reductions in stunting among today’s children and their effects on childhood
stunting rates among the workforce in later years
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Figure 9 shows the time path of per capita costs and benefits (in terms of income) for the 34
countries on average. Per capita costs rise from zero in 2015 to $3.85 in 2025 and stay there
thereafter. Per capita benefits - in terms of higher incomes - are zero until 2033 when the first
cohort benefitting from the scaling-up of the 10 nutrition interventions joins the labor force.
Initially the change in per capita income in the country is small, because only the youngest of 40
cohorts in the labor force has benefitted from the scale-up. As time passes, an ever larger fraction of
the labor force has benefitted from the scale-up, and the effect on per capita income grows. In
addition, as time passes, the counterfactual per capita income that the percentage effect of the
program gets applied to increases (on our assumption that economic growth remains positive), so
that the benefit in dollar terms of being well nourished in childhood increases.

Figure 9: Time path of per capita costs and benefits of the nutrition program
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The internal rate of return results are shown in Table 7 and Figure 10. The rate of return varies
from 8.5% to 24%. The average is 16%. The East Asia & Pacific region has the highest rate of return
(24%) reflecting the low per capita program cost, the high rate of return to education, the high
initial GDP per capita, and the high GDP growth rate. Africa is the region with the lowest rate of
return (15%) reflecting the high per capita program cost, the relatively low initial GDP per capita,
and the relatively low GDP growth rate; these numbers are offset only partly by the relatively high
rate of return to education in Africa. There are variations within regions, of course: India, for
example, has a rate of return of 23% reflecting in part India’s low program cost and its high GDP
growth rate.
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Table 7: Rates of return to nutrition project, by region

Growth
of per
Program Per capita Education  Benefit- Rate
No. Stunting cost per capita income rate of cost of
Region countries rate capita income p.-a. return ratio return
East Asia & Pacific 3 31% $2.63 $8,423 5% 10% 76:1 23.6%
Latin America & Caribbean 1 48% $2.72 $7,510 1% 10% 25:1 20.7%
Middle East & North Africa 2 31% $2.61 $9,733 0% 6% 19:1 19.1%
South Asia 5 46% $2.73 $3,882 4% 7% 23:1 18.7%
Sub-Saharan Africa 21 36% $4.59 $3,119 3% 13% 9:1 14.7%
Total 32 37% $3.85 $4,451 3% 11% 15:1 17.2%
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Figure 10: Rates of return to nutrition project, by count

Note: number shown on country is benefit-cost ratio.

40



These returns are somewhat lower than the rates of return to World Bank projects where a cost-
benefit analysis was undertaken. The World Bank’s Independent Evaluation Group8! reported a
median rate of return for World Bank projects over the period 2000-2008 of around 22%. It is true
that only half of World Bank projects report an estimate rate of return, and that some sectors
(including the Health, Nutrition and Population sector) are consistently less likely to undertake a
CBA than others. However, the IEG found similar returns in the sectors that traditionally make less
use of CBA.

It should also be kept in mind that our results do not capture the effects of the program on
mortality, which are estimated! to be appreciable. Insofar as the program reduces child mortality,
the initial effect will be to reduce the fraction of the population working, i.e. Ny, /N in eqn (1) will
fall. This will cause per capita income to fall until the children grow up and join the labor force.
Reductions in child mortality are also likely, however, to lead to subsequent changes in fertility
behavior, with families reducing their family size as children are more likely to survive childhood.
This will push Ny, /N back up and hence dampen the downward pressure on per capita income.

Finally, we should keep in mind that childhood survival is valued in its own right - a more complete
cost-benefit analysis would capture the intrinsic value associated with fewer children dying in
childhood as a result of the nutrition program. All told, our estimates are probably underestimates
of the rate-of-return.

E. Sensitivity analysis

Table 8 shows how sensitive the estimated rates of return for the 34 countries overall are to the
assumptions used. It is possible that the costs of the program are underestimated if only because
the cost estimates do not take into account that unit costs will likely rise as harder-to-reach groups
are covered. Doubling the total cost of the program would cut the benefit-cost ratio by almost half,
and would cut the rate of return by 20% or 3.4 percentage points. It is also possible that the
program’s impacts on stunting are overestimated, in part because many of the effect sizes from the
meta-analyses are not statistically significant, and in part because most estimates come from
efficacy trials, not at-scale programs. Halving the assumed program effect on stunting from 20% to
10% reduces the benefit-cost ratio by 20% and the rate-of-return by 8% or 1.3 percentage points; it
also cuts the estimated reduction in stunting from 36% to 28%. The cognition impacts of the
program may also be overestimated for the same reasons. Halving the assumed cognition effects of
the program reduces the rate-of-return by 9% or 1.6 percentage points. We also explore the effects
of changes in the assumed effects of stunting on years of education and adult height. Halving the
assumed effects of stunting on years of education and adult height reduces the overall effect on
adult income of being stunted as a child from 28% to 14%, and cuts the benefit-cost ratio by 20%
and the rate-of-return by 8% or 1.3 percentage points. If we make all of these changes
simultaneously, we end up with an almost 50% reduction in the rate-of-return, equivalent to a
reduction of almost 8 percentage points. Finally, reducing the scale-up period from 10 years to one
reduces the rate-of-return by 20% or 3.5 percentage points; a 10-year scale-up is considerably
more realistic.
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Table 8: Sensitivity of results to assumptions

Stunting reduction

2025 vs. 2010 Benefit-cost ratio Rate of return
Base estimates -36.2% 15:1 17.2%
Doubling of program cost -36.2% 8:1 13.7%
Halving of program effect on stunting -28.2% 12:1 15.8%
Halving of program effect on cognition -36.2% 11:1 15.6%
Halving of stunting effects on education & height -36.2% 12:1 15.9%
All the above -28.2% 3:1 9.5%
One-year scale-up -36.2% 7:1 13.7%

F. Comparisons with other studies of returns to nutrition investments

Other authors have also reported estimates the returns to childhood nutrition programs, including
the Bhutta et al. program. Hoddinott82 is closest to our study. Like us, he estimates the costs and
benefits (in terms of higher incomes) of taking the coverage rate of each of the interventions in the
Bhutta et al. package from the current rate to 90%. The big difference between the studies is that he
assumes immediate scale-up to 90%, and therefore is able to analyze just one cohort. By contrast,
we scale up over a 10-year period, with each successive cohort born between 2015 and 2025
getting closer and closer to 90% coverage; we then maintain the program at 90% coverage
thereafter. There are other differences. Hoddinott focuses on the income effects that operate
through stunting, whereas we allow for effects that operate through cognition in the case of
interventions in the package that do not affect stunting. On the other hand, Hoddinott assumes a
much larger effect of stunting on income than we do. This likely accounts for his higher benefit-cost
ratios (15:1 vs. 9:1, although the African countries in the two studies are somewhat different).

VII. NUTRITION-SENSITIVE PROGRAMS TO ADDRESS STUNTING

While nutrition-specific interventions target the direct causes of undernutrition, nutrition-sensitive
interventions focus on the underlying determinants, influencing, for example, the price of food, the
degree of diversity in agriculture, household incomes, access to and affordability of health care, the
degree to which nutrition is integrated into health services, and water and sanitation infrastructure.

Nutrition-sensitive interventions include: (a) safety net schemes; (b) nutrition-sensitive
agricultural interventions; and (c) water, sanitation and hygiene (WASH) interventions. The list
could also include: (d) women’s empowerment and education programs; (e) family planning
programs that increase birth spacing and adolescent initiatives that aim to reduce teenage
pregnancies; and (f) health system reforms that make health care more affordable and accessible,
and more ‘nutrition-friendly’.

We focus on (a)-(c) in this note, because there is limited evidence to date from interventions in the
areas of (d)-(f). The evidence is essentially of associations, although the evidence is suggestive of
causal effects. On (d), a recent study of three rounds of India’s National Family Health Survey found
that stunting was negatively associated with measures of mother’s empowerment, although a
recent synthesis83 of the literature in South Asia found mixed results. On (e), a recent analysis of
153 DHS surveys84 found that maternal age under 18 years was associated with an especially high
risk of stunting, while birth intervals less than 12 months were also associated with a higher

42



stunting risk. And on (f), a recent study®> found that membership of a mutuelle was associated with
lower stunting rates among children in Rwanda, a country that has included nutrition services in
the insurance benefit package and in most health facilities, while another study8é found that the
rollout of Argentina’s universal health coverage programs Plan Nacer and Programa Sumar was
associated with reductions in stunting.

The evidence from meta-analyses of safety net schemes, nutrition-sensitive agricultural

interventions, and water, sanitation and hygiene (WASH) interventions is summarized in Table
9.ttt

Tttt Extending cost-benefit analysis to programs that have multiple objectives and goals may be challenging,
as it requires to explicit about the relative value of multiple outcomes. This has been a recurrent theme for
safety nets schemes, for instance, conditional cash transfers have a joint human capital objective, with
benefits is assessed on productivity arguments (from labor market earnings) and equity and redistribution
objectives, which are usually not accounted for in the benefit/cost ratios.
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Table 9: Summary of meta-analyses of effects of nutrition-sensitive interventions on stunting and height

Intervention Delivery mechanism Year Study # studies | % of studies % high or | % significant Mean effect
of abouta program | v.high effect with across studies
study (rather than quality 'right’ sign significant?

efficacy trial)

CCT programs Various 2013 | Manley, et 15 100% 7% No (0.04 SD)

al.8?

Water, sanitation and hygiene Various 2013 Dangour, 7 0% No (0.08 SD)

etal.’®

Home gardens, small livestock Promotion adoption of 2012 Webb 4 25% No

production, dairy production, agriculture or livestock Girard, et

biofortification strategies to increase the al.

production of nutrient-rich
food

Home gardens, small livestock, Promotion adoption of 2012 Masset, et 8 12% No

fisheries, aquaculture, dairy agriculture or livestock al.?

development, animal husbandry and strategies to increase the

poultry development, bio- production of nutrient-rich

fortification food

Aquaculture, dairy production, Promotion of animal 2008 Leroy, et 4 25% No

poultry, interventions combined with | production to increase animal al. 91

nutrition education source food consumption

Home gardens, small livestock Promotion adoption of 2004 Berti, et al. 13 7% 15% n/a

production, cash cropping, irrigation

agriculture or livestock
strategies to increase the
production of nutrient-rich
food

92
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A. Safety net schemes

By providing income or in-kind benefits to poor and vulnerable households, safety net schemes can
play a dual role of reducing the incidence of stunting, as well as protecting children from the long
term human capital cost of shocks. Their attractiveness to accelerate progress, relies on the fact
that they are often implemented at scale, and often explicitly target and reach poor and vulnerable
populations.?394 A recent meta-analysis8’ of 17 conditional- and unconditional cash transfer
schemes in 12 countries found that the 17 programs, on average, increased HAZ by 0.025, but the
effect was not significant; the six studies that analyzed linear height effects found, on average, a
significant but small effect of just 0.6 cm. This is in line with the conclusions of other reviews.5.95.96

A number of key factors are likely to make it more likely that a cash transfer program produces
changes in food consumption and diet diversity and hence more likely to reduce stunting. One is
whether the target population includes children in the first 1,000 days and for a sufficient duration
of exposure. A recent study found that being covered by the US food stamp program mattered only
if the coverage was in early childhood.?” By contrast, insofar as school-feeding programs (which
target an older age group) have any effect on height, it is mostly on that of younger siblings, and
typically not the height of the school-age children (though there are exceptions).%

A second factor affecting the effectiveness of CCT programs on stunting is whether they are geared
to cushioning children from the effects of economic and other ‘shocks’. The negative effects of
shocks on young children are well known: a study of drought in Zimbabwe, for example, found that
children aged 12 to 24 months lost 1.5-2 cm of growth as a result of the drought, while older
children did not experience any slowdown in growth.? That safety nets can help cushion against
such shocks is illustrated by two recent studies. Onel% examines Indonesia’s supplementary
feeding program rolled out as a response to the 1998 crises. The program provided energy and
proteins, and was targeted to children aged 6-60 months. The study found that toddlers aged 12-24
months and young children aged 24-60 months with 1 year of exposure to the program experienced
increases of 0.11 and 0.13 SD deviations in HAZ respectively, and 15% and 27% reductions in the
probability of severe stunting. The second study!°! examines the introduction of a national midday
meal program in India on height among primary school students: the study found that the program
had large and significant height effects but only for children whose families suffered from drought.

B. Nutrition-sensitive agricultural interventions

Agriculture is the main occupation of a large fraction of people living under $1.90 a day and
investments that increase agricultural productivity and food supply are potentially an important
way to address undernutrition. While many agricultural interventions such as irrigation, watershed
management, and agriculture extension might have an indirect effect on nutrition, the meta-
analyses to date include only agriculture interventions that have a specific nutrition objective, or
are considered ‘nutrition-sensitive’. More generally, policies that impact food systems (such as
agricultural research, taxes or regulations) rather than specific interventions might have a larger
impact on stunting!92, though evidence of the effectiveness of such general equilibrium policies is
lacking,
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Specific agricultural or livestock interventions that promote access to more nutritious and
diversified diets could translate into improved nutrition directly by improving incomes and
indirectly by dietary diversity in home consumption. Major nutrition-sensitive approaches include
home gardens, and home gardens enhanced with micro-nutrient rich fruits and vegetables. Given
the critical importance of animal-source food for linear growth103, there is also interest in targeting
livestock and livelihood programs to be more nutrition-sensitive, with poultry rearing and dairy
production promoting egg and milk consumption among children and egg consumption among
women.

The four meta-analyses available to date590.104105 found a few small-scale studies (many have
limited information on nutritional outcomes). The studies are often underpowered to detect
nutritional effects, and to identify pathways of impact. There is no evidence so far that homestead
production or small livestock interventions have a significant impact on child nutrition outcomes
and stunting.589 Most interventions at best promote intake of vitamin A or diet diversity, with some
interventions improving short-term wasting or morbidity. Integration with nutrition education or
specific nutrition goals might be needed to realize the potential for these targeted agricultural
interventions. All nutrition-sensitive agricultural programs also point to targeting women, or
including women’s empowerment activities such as improvements on their control over income
and assets, or through improvements in their knowledge and practices through behavioral change
as a key pathway through which these targeted agricultural interventions are likely to translate into
improved nutrition.

The verdict is still open on bio-fortification, which involves breeding staple crops that are rich in
key micronutrients. The only effectiveness studies available refer to vitamin A in orange-flesh sweet
potatoes, with agriculture interventions (distribution of vines and agriculture extension) targeted
to female farmers, combined with nutrition education about its value of home consumption:
evaluations of small scale pilots in Mozambique1% show improved knowledge, as well as increased
linear growth.

C. Water, sanitation and hygiene (WASH) interventions

Poor sanitation (and associated open defecation) can lead to stunting through three channels:
diarrheal diseases, environmental enteropathy### and nematode infections$ss. A recent study
pooling Demographic and Health Surveys from a large number of countries38 found that access to
improved water and especially sanitation was associated with significantly lower risks of child
diarrhea, child mortality and stunting. However, interventions aimed at improving infrastructure
(access and quality of water or sanitation facilities) and/or behavior (e.g. open defecation, hand-
washing) have had limited impacts on stunting, per se, although they have shown to be effective at
reducing child mortality or diarrhea incidence, a risk factor for both child mortality and stunting. A
recent meta-analysis8 examined the effects on height of WASH interventions designed to: (i)
improve the microbiological quality of drinking water or protect the microbiological quality of
water prior to consumption; (ii) introduce new or improved water supply or improve distribution;

¥+ Also called tropical enteropathy - a subclinical condition caused by constant fecal-oral contamination and
resulting in blunting of intestinal villi and intestinal.

§888 In humans, these include ascariasis, trichuriasis, hookworm, enterobiasis, strongyloidiasis, filariasis and
trichinosis.
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(iii) introduce or expand the coverage and use of facilities designed to improve sanitation; or (iv)
promote handwashing with soap after defecation and disposal of child feces, and prior to preparing
and handling food. The meta-analysis, covering 4,627 children, identified a borderline statistically
significant effect of WASH interventions on HAZ. Those that appeared to have a (small) benefit were
solar disinfection of water, provision of soap, and improvement of water quality.

Existing systematic reviews and meta analyses of the impact of WASH interventions on diarrhea
incidence107.108 have been limited by a small number of high-quality studies or by the failure to
achieve coverage and near universal use (in order to account for externalities of recontamination in
the transmission of pathogens).109110 A recent study that provided an integrated water and
sanitation improvement in India, and ensured universal coverage of all households in the
participating villages, showed short-term and long-term reductions in diarrhea episodes (by 30-
50%), with important complementarities between water and sanitation improvements.111

A recent multi-country study on health promotion in campaigns designed to eliminate open
defecation in four countries, showed that full eradication of open defecation at the village level is a
necessary to increase child height, with an average effect size of 0.44 standard deviations in child
height-for-age. The biggest potential gains were also shown to materialize in areas where the
prevalence of open defecation is the highest.112 In addition, the multi-country study suggested that
combining the expansion of sanitation facilities with individual subsidies, and an intensive
behavioral change intervention strategy in sanitation (such as in the case of community-led total
sanitation campaign in Mali) might be necessary to obtain meaningful improvements in height.
Large infrastructure investments in access to water and sanitation, however, might be costly in low-
income and sparsely populated environments. Recent studies on the effectiveness of child and
environmental interventions in addressing diarrhea in low-income countries highlight
handwashing and point-of-use water treatment as effective strategies in reducing diarrhea, though
there is still limited knowledge about ways to promote household take-up and participation.113

VIII. LOWERING THE COSTS OF STUNTING AND RAISING THE
RETURNS TO NUTRITION INTERVENTIONS

As was seen in section IV, the total costs of stunting to a country - in terms of the income lost -
depends on the rate of childhood stunting among workers. The obvious way to reduce these costs
(tomorrow) is to reduce the rate of childhood stunting (today). The other way to reduce the costs of
stunting is to make childhood stunting matter less, by cutting the education and cognition deficits
associated with being stunted. Early child development (ECD) programs, including those that focus
on promoting better parenting and increased early stimulation and learning, have in general proved
an effective way of promoting cognitive and socio-emotional development among young children,
prompting the question of whether enrolling stunted children - and children at risk of being
stunted - and their families in such programs might limit the damaging effects of stunting on
cognition, educational attainment and success later in life. In terms of eqn (4), the question is
whether ECD programs could reduce the (absolute) size of dE}, /dSy, and dCy,/0Sy,.

ECD programs are also relevant to the question of the size of the rate-of-return to nutrition
interventions. This depends, as was seen in section V, on the effect of the nutrition program on
cognitive development, i.e. (dC;(t)/dDy(t) in eqn (6). It is possible that this effect might be
increased if there are ECD interventions delivered in tandem with the nutrition intervention. Even
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if this is not the case, it is possible there could be some cost-sharing between the two sets of
interventions.

A. Reducing the effects of stunting by delivering ECD interventions to stunted
children

The likelihood of brain impairment from nutrition deficiencies depends on several factors: (i) the
timing (onset and duration) of the nutrient deprivation; (ii) the severity of the nutrient deficiency;
(iii) the initial maternal nutrition status; and (iv) the quality of the child’s environment as a
potential mediating mechanism.114

One of the most important lesson from recent advances of developmental neuroscience is that there
are multiple risks, in addition to stunting, that shape cognitive and socioemotional development of
young children and prevent them from attaining their developmental potential. Key nutritional and
biological risks during pre-conception and pregnancy such as iodine deficiency and iron-deficiency
anemia, intra-uterine growth retardation and zinc deficiency8115 are reinforced by maternal mental
health (depression and stress) and violence in the family and/or community, all of which of which
negatively affects child cognitive behavioral and social development!15.

Poor and most disadvantaged children are more likely to be exposed to a multitude of social,
economic and environmental risk factors from early on life. This poses a risk of diverging
developmental trajectories from very early years across different socioeconomic groups, laying the
grounds for inequalities to be shaped very early in life. For example, studies in five Latin American
countries (Chile, Colombia, Ecuador, Nicaragua, and Peru) recorded large linguistic differences
between children in the poorest and richest segments of society. The bulk of these differences was
apparent by age 3, often worsened by age 6, and remained largely unchanged after that in the
absence of specific ECD interventions.116 Similar gaps were documented in other parts of the world,
including in, Ethiopia, India, and Vietnam117, as well as in Madagascar!!8, Cambodia and
Mozambique. 119 Interventions that reduce these risks early in life, have the potential for higher
returns, as the impact of these developmental risks is cumulative, with early skills building the
foundations for later skills.120

Against these multiple risks, there is a large body of evidence that the quality of early interactions
with parents and caregivers acts as a protective factor in offsetting some of the negative
consequences of poverty and plays a critical role in promoting positive development among
children. Research from the US has shown that psychosocial stimulation interventions can increase
both cognitive and socioemotional skills even if the interventions occur beyond the first 1,000 days.
Evidence suggests a potential return of 7-16 percent from high-quality preschool programs
targeting vulnerable groups in the United States.121

Strategies to promote early stimulation and caregiving practices in low- and middle-income
countries include parenting and education support that promote parent-child interactions (through
home visits, community groups or a combination), pre-schools, and day centers (formal or
informal).122123 A systematic review of 21 psychosocial stimulation interventions found that
stimulation had a medium-size effect of 0.42 and 0.47 on cognition and language skills
respectively.124 Effects seem to be larger among the most vulnerable children, in both developed!2s
and developing countries.122126 Furthermore, while most nutrition interventions focus on the first
1,000 days where the linear growth potential is the highest, and while psychosocial stimulation
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interventions may have the largest impact in this window too, the window for the highest
sensitivity to investments in child development extends right up to before school age.127

Key in the present context is the emerging evidence that effects of ECD interventions on cognitive
development seem to be just as large - if not larger - among stunted children. Ongoing work in
Malawi!28 finds larger impacts on cognitive development of an ECD program among children with
lower HAZ scores, although the program’s impacts were not sustained. Similarly, ongoing work in
Mozambique!?° finds larger impacts of cognitive development of an ECD program among stunted
children.

The most striking evidence, however, comes from a randomized psychosocial stimulation
intervention conducted in 1986-1987 in Jamaica which found lasting impacts that were especially
pronounced among children who were stunted when they were in the program.13? The intervention
involved weekly visits from community health workers over a 2-year period that taught parenting
skills and encouraged mothers and children to interact in ways that would develop cognitive and
socioemotional skills. Follow-up studies found that the intervention increased cognitive capacity
compared to the control group of stunted children, so much so that it eliminated the gap on most
tests between the stunted intervention group and a non-stunted comparison group.>¢ Authors of a
later study re-interviewed study participants 20 years later found that the intervention increased
earnings by 25%.130 Moreover, the effect was large enough for the intervention group to catch up
with the earnings of a non-stunted comparison group that was identified at baseline.

B. Synergies and scope economies between nutrition and ECD interventions

There are two reasons why the returns to nutrition interventions might be increased by having ECD
interventions alongside them: the benefits may be greater (having both interventions at the same
time increases the effects of each intervention); and the costs may be reduced through economies of
scope (e.g. both sets of interventions are delivered using the same staff or same offices).

The very limited evidence to-date does not, in fact, support the hypothesis that the effects of a
nutrition intervention can be increased by delivering ECD interventions in tandem. Rather,
programs that combine nutrition and psychosocial stimulation interventions to jointly promote the
optimal development across domains show additive but mostly non-synergistic effects; however,
these programs have still to be tested at scale.5131 Even in the absence of complementarities on the
benefit side (e.g. the benefits are additive), there might be economies of scale or scope to
integration or sequencing interventions - if the economies of scope are sufficiently large, the
returns might be larger despite the absence of synergies in benefits. The integrated nutrition and
stimulation program implemented by Lady Health Workers in Pakistan provides a possible
example.132 The evidence suggests that combining the two sets of interventions did not enhance the
effects of either, and may have even reduced the effect size. However, since the interventions were
delivered by the same health worker, there were presumably substantial cost savings to having the
two sets of interventions delivered separately, so that the return could still have been increased
through joint delivery.

IX. Conclusions
Despite a downward trend, 163 million children worldwide were stunted in 2015. On current

trends, stunting will fall by only 20% between 2010 and 2025 - just half of the SDG target
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reduction. The high rate of stunting and the slow reduction matter in their own right. But they
matter from an economic point of view too: because of impaired cognitive development, less
schooling, and reduced stature, stunting represents a loss of potential output for an economy. Our
calculations suggest that per capita income today is probably 7% lower than it would have been if
none of today’s workers had been stunted in childhood. In Africa and S Asia this ‘stunting penalty’ is
likely to be even higher - around 9-10% of GDP per capita.

What can be done? Reducing stunting through nutrition-specific interventions, such as
breastfeeding counselling and micronutrient supplementation, is one option. The impacts of such
interventions on stunting are not especially large, but neither - for the most part - are their costs.
And because the economic consequences of stunting are large, even small changes in stunting can
have large economic effects. We estimate that scaling up to 90% coverage a package of 10 nutrition-
specific interventions in 34 countries over a period of 10 years would take the stunting rate in 2025
down to 36% below to its 2010 value - 4 percentage points shy of the 40% SDG target reduction.
We estimate a rate-of-return for the 34 countries as a whole of 17%, with a benefit-cost ratio of
15:1. If we allow for the possibility that the assumed program effect on stunting might be
overestimated, and halve the assumed effect, the rate-of-return falls to 14%, which is still
respectable; however, the percentage reduction in stunting falls to 28%, which is some way off the
SDG target.

More therefore likely needs to be done. Two strategies suggest themselves, one directed at reducing
stunting, the other at reducing the negative consequences of stunting. The first is to broaden out
beyond nutrition-specific interventions to include nutrition-sensitive interventions, such as water
and sanitation (and complementary behavior change interventions), agriculture interventions, and
safety net schemes. Our review of the available systematic reviews and meta-analyses suggest that
these interventions may have modest effects on stunting, but they are likely worth trying. A key
part of the knowledge agenda here is to test the effects on stunting of interventions aimed at
promoting female empowerment, improving family planning, and increasing the access to and
affordability of health services - the effects of these are not well established. The second strategy is
to ensure that efforts are made to limit the cognitive effects of early malnutrition by exposing
stunted children to ECD interventions including beyond the first 1,000 days - the evidence suggests
that stunted children may benefit as much, if not more, than their non-stunted peers. This will not
help reduce stunting, but it will help limit the economic costs of stunting. And that is a prize worth
having.
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