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Abstract

Objective: This study has two-fold objectives: first, to test the global convergence
hypothesis in the progress of child stunting across 174 countries over the period
1990-2015; second, to identify factors determining the process of convergence or
divergence.

Design: The study design comprises macro-level cross-country analyses. Our empiri-
cal strategy uses parametric convergence models such as absolute and conditional
p-convergence models, while non-parametric convergence models such as Kernel
density plots serve as robustness checks.

Setting: The study uses a global setting comprising child stunting information from
174 countries.

Participants: The participants for this study are 174 countries. The information on child
stunting prevalence for most countries is available from the UNICEF-WHO-WB Joint
Child Malnutrition Estimates Expanded Database (April-2019), while national-level
surveys are used for those countries where UNICEF-WHO-WB Database is not avail-
able. The data for socio-economic variables are taken from the World Bank’s data
bank (1990-2015).

Results: Findings from the absolute f-convergence model estimates show that progress
in child stunting has diverged over the entire period (1990-2015). However, the speed
of divergence has reduced for the recent period (2010-2015). The conditional
p-convergence model estimates show that cross-country heterogeneity in GDP per
capita, poverty and health care expenditure are significant factors explaining diver-
gence in child stunting.

Conclusions: For replacing current divergence with convergence in child stunting
worldwide, the study demonstrates the critical role of economic factors and public
spending on health care to reduce child stunting, particularly in countries where
progress is slow.
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Globally there has been a decrease in childhood stunting
over the last three decades, with the proportion of stunted
pre-school age children declining from nearly 40 % in 1990
to 23 % in 2015V, However, regional and between-country
inequalities in childhood nutrition measures are widely
observed. For instance, stunting prevalence since 2000
has declined by two-thirds in upper-middle-income coun-
tries, while high levels of stunting are still observed in low
and lower-middle-income countries. The countries in
Africa and Asia bear the largest burden of childhood
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malnutrition. Notably, the number of stunted children
increased in Africa from 50-3 to 58:8 million between
2000 and 2018. Similarly, 55 % of stunted children below
5 years live in Asia®.

Previous research has examined the determinants of
stunting in low-income countries, which is attributed to
socio-economic factors such as poverty, inequality, insuf-
ficient and incorrect feeding practices, poor dietary diver-
sity, and poor maternal and child health care®10,
Furthermore, much of the previous literature on child
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nutritional inequalities has focused on the most recently
available information. However, estimates based on
recent nutrition data have serious limitations in terms of
understanding the true trajectories of between-country
inequalities™V.

The international community is paying increasing
attention to novel measures of monitoring global health
indicators  towards the targets of Sustainable
Development Goals (SDG). While SDG are an internation-
ally accepted development agenda, the most crucial target
of achieving a key goal like SDG-2 (zero hunger and
proper nutrition to all) also needs robust quantitative evi-
dence on measuring and monitoring the progress towards
the elimination of childhood undernutrition. Moreover,
the important tasks of global nutrition policy are not lim-
ited to improving average child nutrition, but rather there
is an imperative need for greater focus in reducing
regional and inter-country inequalities in child nutrition.
The dissimilar rates of progress in childhood nutritional
status across different countries make it difficult to achieve
SDG-2?.

The heterogeneity in global progress in child stunting
provides an ideal setting to test the ‘Global Convergence
Hypothesis’ in child stunting. The aim of this study is to
empirically analyse if global progress in child stunting
(measured using ‘height-for-age’ of children under 5
years) is converging or diverging? To the best of our
knowledge, our paper is the first to test the ‘Global
Convergence Hypothesis’ in the rate of progress towards
the reduction of stunting in children aged 0-59 months
across 174 countries during 1990-2015. Our study makes
a timely attempt to fill these gaps in knowledge on global
child nutrition.

Our specific objective are: first, to systematically map
the regional and country-level trajectories of progress
achieved in the process of elimination of child stunting,
where growth trajectories remain hidden. Second, to quan-
tify the convergence or divergence in the progress of child
stunting using robust quantitative techniques. Finally, we
identify the reasons behind converging or diverging
progress in ‘height-for-age’ among children aged below
5 years.

We used standard convergence metrics such as absolute
and conditional f-convergence models for testing the con-
vergence hypothesis in global progress of height-for-age
among children aged under-five years over the period
1990-2015. Our findings show divergence in global
progress towards reducing stunting. The evidence from
the study about reasons behind the divergence in child
stunting will help policy makers around the world in priori-
tising the post-2020 development agenda for achieving a
‘Grand Global Convergence’ childhood nutritional status.
Moreover, testing the convergence hypothesis is a handy
and effective tool for measuring and monitoring global
progress in childhood nutrition status.
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Methods

Data

Our analyses used data from multiple data sources. The
information on stunting prevalence for most countries is
available from the UNICEF-WHO-WB Joint Child
Malnutrition Estimates Expanded Database (April 2019),
while national-level surveys are used for those countries
where Joint Child Malnutrition Estimates Expanded
Database is not available. We have compiled child stunting
data for over 180 countries (ranging from 183 countries in
1990-1995 to 187 countries in 2010-2015). The final sample
includes data for 174 countries for whom data were avail-
able for all our variables of interest across time. The data for
socio-economic variables are taken from the World Bank’s
data bank (1990-2015). Although the information on some
socio-economic variables is missing for a few countries, the
final sample size is robust enough for testing the ‘Global
Conditional Convergence Hypothesis’ in the progress of
‘height-for-age’ among children. Below, we have described
our study variables in detail.

Outcome variable

The primary outcome variable for the empirical analyses is
a measure of child stunting, which is derived from a child’s
height-for-age, a measure of linear growth. It is expressed
as Z-scores in sb from the reference population’s mean, cal-
culated using 2006 WHO Child Growth Standards refer-
ence population median and sp™?.

Among children aged 0-60 months, stunting is defined
as having a height-for-age Z-score below -2 sp (moderate
stunting) and -3 spD (severe stunting) from the median of the
WHO Child Growth Standards. In this study, we considered
moderate stunting estimates.

Predictor variables
The predictor variables used in this study include an array of
socio-economic and demographic variables, such as the pro-
portion of the population with access to basic sanitation,
drinking water, female literacy rate, GDP per capita, percent-
age share of health expenditure in GDP, Gini index (as a
measure of inequality), poverty headcount ratio and air pol-
lution. The final sample includes panel data for two time
points and 174 cross-sections (countries) for the selected
indicators. Table 1 presents the data source and descriptive
statistics for the variables used in the empirical analyses,
while online supplementary material, Supplemental
Appendix 1 provides the definitions of study variables.
The descriptive statistics in Table 1 show that the mean
prevalence of stunting has declined from 26 % in 1990-
2005 to 18 % in 2010-2015. However, it varies from just
1:3% in Germany to 57:6% in Burundi in 2010-2015.
Although the socio-economic conditions in individual
countries are different from two decades ago, there are
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Table 1 Summary statistics of child stunting and its correlates across the world countries, 1990-1995 to 2010-2015

Variable Observations Mean sD Min Max Data source

Prevalence of stunting in children (%) in 1990-1995 183 26-47 18-29 2.00 68-47 . g . : .
Prevalence of stunting in children (%) in 2000-2005 186 22.61 16-30 1.90 60-83 U'\ll_:'SCtﬁ:al’g:gx\sgjgénéggfaiﬂ?)“t”t'on
Prevalence of stunting in children (%) in 2010-2015 187 18-32 13-99 1.30 57-60

People using basic sanitation facilities (%) in 1990-1995 189 65-70 32-40 3-50 100 World Bank (1990-2015)®6)
People using basic sanitation facilities (%) in 2000-2005 190 68-66 31.43 3-80 100

People using basic sanitation facilities (%) in 2010-2015 194 72.79 29-57 6-40 100

People using basic drinking water (%) in 1990-1995 193 79-16 21.56 15-48 100 World Bank (1990-2015)@7)
People using basic drinking water (%) in 2000—2005 190 81.28 20-90 17-09 100

People using basic drinking water (%) in 2010-2015 192 85-29 18-18 18-67 100

Poverty head count ratio (%) in 1990-1995 147 26-61 27-60 0-00 95 World Bank (1990-2015)(8)
Poverty head count ratio (%) in 2000-2005 146 21.28 23-16 0-00 94

Poverty head count ratio (%) in 2010-2015 150 14-30 19-86 0-00 78-05

Female literacy rate age (15+) (%) in 1990-1995 152 70-42 28.37 1.90 100 World Bank (1990-2015)®9)
Female literacy rate age (15+) (%) in 2000-2005 154 75-40 25.23 12.24 100

Female literacy rate age (15+) (%) in 2010-2015 159 78-70 24.70 1393 100

GDP per capita (US$) in 1990-1995 170 8872-86 12 975-85 170-69 76 492-39 World Bank (1990-2015)©0)
GDP per capita (US$) in 2000-2005 177 10 154-59 14 600-73 20797 85 113-99

GDP per capita (US$) in 2010-2015 179 11 749-53 15 779-78 235-92 91 942.-29

PM2:5 air pollution (mg/mq) in 19901995 181 29.94 17-24 679 90-81 World Bank (1990-2015)@"
PM25 air pollution (mg/mq) in 2000-2005 181 29-46 16-84 7-06 91-08

PM25 air pollution (mg/mq) in 2010-2015 181 28.76 17-31 6-65 98-03

GINI index (for economic inequality) in 1990-1995 158 41-06 9-98 2256 65-80 World Bank (1990-2015)(?)
GINI index (for economic inequality) in 2000-2005 154 39-42 8-83 24.70 64-70

GINI index (for economic inequality) in 2010-2015 159 37-63 8-28 23-70 68-70

Total population in 1990-1995 (in thousands) 196 28 000 110 000 9156 1 180 000 World Bank (1990-2015)3)
Total population in 2000-2005 (in thousands) 196 32 100 125 000 9767 1290 000

Total population in 2010-2015 (in thousands) 196 36 200 137 000 10 819 1 360 000

GDP in health expenditure (%) in 1990-1995 178 5.78 3-031 177 1.57 25.15 146 World Bank (1990-2015)4
GDP in health expenditure (%) in 2000-2005 181 6-04 2-659 387 1.84 21.49 388

GDP in health expenditure (%) in 2010-2015 182 6-50 2.782 929 1.76 19-65 573
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large inter-country differences in socio-economic charac-
teristics. For instance, the GDP per capita varies from
$236 in Burundi to $91 942 in Luxembourg. Similarly,
female literacy rates vary from 13-9 % in Chad to 100 %
in the Democratic People’s Republic of Korea and
Norway. Income inequality measured by the Gini index
varies from 24 in Kazakhstan to 69 in Albania, and the pro-
portion of GDP spent on health varies from 1.7% in
Equatorial Guinea to 19-6 % in the Marshall Islands. The
share of households having access to basic sanitation facili-
ties ranges from 6-4 % in Ethiopia to 100 % in Japan, New
Zealand, Kuwait, Republic of Korea, Singapore and the
USA. The poverty headcount ratio varies from 0% in
Bhutan, Cuba, France and Germany to 78-:05% in the
Maldives. The share of population with access to basic
drinking water also differs from 187 % in Eswatini to
100 % in Andorra, Austria, Belgium, Cyprus, Denmark,
Finland and Greenland.

Patient and public involvement

The present study does not involve patient and member of
the public in the design, or conduct, or reporting, or dis-
semination plans of the research. The research completely
based on above-stated secondary sources of information
available in public domain for open access.

Empirical strategy

Our empirical strategy includes a three-stage analytical
methodology. First, we use catching-up plots to detect
whether laggard countries in terms of child ‘height-for-
age’ are catching-up with their advanced counterparts. In
the second stage, the absolute p-convergence (or a
Barro-regression) model is used to determine whether
progress in child stunting is converging or diverging across
countries during the period 1990-2015. In the last stage, a
conditional Barro-regression model is used to determine
the factors contributing to converging or diverging progress
in child stunting. Additionally, some robustness checks for
our base convergence estimates are performed using
Kernel density plots and inter-country absolute and relative
inequality measures.

Catching-up process

The catching-up process defines the progress made by lag-
gard countries to catch-up with their advanced counter-
parts in an ideal set-up. The identification of the
catching-up process is a necessary precondition to test a
convergence hypothesis. It can be identified using catch-
ing-up plots. In our analyses, a catching-up plot displays
the correlation between ‘changes in child stunting (from
1990 to 2015)" and ‘stunting prevalence in the base year’
across countries.

0.1017/5136898002100375X Published online by Cambridge University Press
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Absolute f}-convergence model

The absolute f-convergence model is used when the space
between the laggard and developed countries shrink, pre-
cisely due to more significant improvement in laggard
countries. The p-convergence model for a cross-section
of countries assumes an inverse relationship between an
indicator’s initial levels and its growth rate'3!>, The math-
ematical expression of the model for estimation of -con-
vergence is:

ln[Yi,H—kYi,t] =o +. ln(xi,t) + &y (1

where the term In [xi1t+kxi,t] is the average annual rate
of decline in stunting in a country i for the
period (¢, t 4 k); and x;, is the value in the period 1990-
1995, and the term ¢;, refers to the corresponding resid-
uals. The convergence speed is computed as s = —In
[(1+ p/T] where s is the convergence speed, f is the
p-convergence and T refers to the time1410-18),

Conditional convergence model

The conditional -convergence model is used to account
for the variability of explanatory indicators in the formal
p-regression model''7_ Conditional Barro-regression will
help us identify the factors responsible for divergence in
stunting. Alternatively, it allows us to focus on factors that
would create convergence in global stunting?. The math-
ematical expression for this model is:

1H[Yi,r+kYi,t] = +B. lﬂ(xl,i.txz,i.tx3,i.t.....xn,m) +er (2

where In [Y,-Hk Y,-,t] is the average annual rate of decline in
stunting in a country i for the period (t,t + k), and x;, is
the value in the period 1990-1995, and ¢, refers to the cor-
responding residuals. The term x; is the initial value of
child stunting, x, is the log of poverty, x; is the log of Gini
index, x, is the log of GDP per capita in US$, x5 is the log of
female education, xg is the log of percentage of GDP in
health expenditure, x; is the log of basic sanitation facilities,
xg is the log of drinking water and xy is the log of air pollu-
tion in time (t,t + k).

Kernel density plot

Kernel density estimates are a widely used non-parametric
method to assess convergence metrics, using Kernel
smoothening to plot the values. The peaks help in identify-
ing the concentration of values over the intervals. The dis-
tribution fitted by the Kernel density function using
exploratory data analysis depends on the observed distri-
bution based on available data values. Unlike parametric
distribution, the non-parametric distribution uses kernel
density functions to estimate the underlying distribution’s
unknown scale and locational parameter. The mathemati-
cal expression of the model is widely reported elsewhere,

S€€<11’20'21).
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Absolute inequality

Although a few prior studies have focused on global dispar-
ity in gender inequality, income inequality and health
inequality®2¥ there is limited research in measuring
absolute and relative inequality in child stunting. The aver-
age inter-country disparity (AID) measures the degree of
dispersion that exists at any point of time in stunting. It cal-
culates the average absolute inter-country difference in
stunting, weighted by the under-five population size of
the countries. Moreover, changes in the AID indicate
whether child stunting decreases (convergence) or increas-
ing (divergence) across the globe. The mathematical
expression used for calculating AID is:

1
AID:WZXZySﬂSAWfWA (3)

where x,y are the countries, S is the prevalence rate of
child stunting and W is the weight of the country

and Y} W, =3 W, =1

Relative inequality

The Gini index measures the relative inequality in child
stunting. Coefficient O represents perfect equality, whereas
1 represents perfect inequality. The mathematical expres-
sion used for calculating the Gini index is:

AID
G==— (4)
u

AID is the average inter-country disparity, and # is the prod-
uct of the prevalence rate of stunting and under-five child
population weight.

Results

Trends and changes in child stunting

The trends in global child stunting are shown in Fig. 1
according to the developmental regions based on World
Bank income grouping. Globally, child stunting has
declined from 341% in 1990-1995 to 212% in

60-0
R 500
(2}
£ 400
c
= - . _
% 300 - - _
3 DR
2 200 -
=2
Z 10
§ 100
00 D SRR LR LT T T TR, X
1990-1995 2000-2005 2010-2015
Periods

Fig. 1 (colour online) Global and regional trends in childhood
stunting from 1990-1995 to 2010-2015. --»-, high income;
--x-- lowerincome; , lower-middle income; , upper-middle
income; , world
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2010-2015. The decline is also observed across all the
developmental regions of the world, but the volume of
decline varies considerably across them. For instance, in
both low-income and lower-middle-income countries,
child stunting has declined from 52-1% in 1990-1995 to
382 and 35 %, respectively, in 2000-2005 and 2010-
2015. In these regions, the pace of decline has slowed
down between 2000-2005 and 2010-2015. We observe just
3 % change during 2000-2005 to 2010-2015 compared with
a 14 % change in the previous decade, 1990-1995 to 2000~
2005. The highest amount of decrease has been observed
in the upper-middle-income countries, where stunting has
declined from 27:9 % in 1990-1995 to 8-7 % in 2010-2015, a
nearly three and half times drop from initial levels.
However, there is very little change among countries in
the high-income category which already had low levels
of stunting (3-9 % in 1990-1995 and 2-7 % in 2010-2015).

Further, in Fig. 2(a) and (b), we have examined trends in
absolute change in child stunting for individual countries
for the periods 1990-1995 to 2000-2005 and 2000-2005
to 2010-2015. The results in Fig. 2(a) show that except
for fourteen countries, stunting prevalence has decreased
worldwide between the period 1990-1995 and 2000-
2005. These fourteen countries include low-income coun-
tries such as Afghanistan, Comoros, Yemen, Zimbabwe,
Cote D’Ivoire, Lesotho, Palestine and lower-middle-income
countries such as Tunisia and Argentina. However, there
has also been an increase in child stunting prevalence
among upper-middle-income countries such as Albania,
Armenia, Fiji, North Macedonia, and also in Panama, a
high-income country.

For the recent period, 2000-2005 to 2010-2015, the
results from Fig. 2(b) suggest that although the number
of countries with poor or negative progress has dropped
compared with the initial period, 1990-1995 to 2000-
2005, there are large disparities in the rate of change across
the countries from all developing regions. This unequal rate
of progress provides an ideal setting for testing the hypoth-
eses of the catching-up process and convergence. In the
following sections, we discuss the results from testing the
catching-up process and global convergence hypothesis
in child stunting.

Catching-up process

Figure 3 shows a scatterplot of changes in child stunting in
174 countries from 1990-1995 to 2010-2015 over the
prevalence of child stunting in the base year (1990-
1995). For the convergence process to occur, the laggard
countries should experience greater positive change in
child stunting relative to countries with lower prevalence
rate in the initial period. Our results show a negative asso-
ciation between the level of changes in child stunting dur-
ing 1990-1995 to 2010-2015 relative to the initial period
(1990-1995), indicating a lack of progress towards conver-
gence in child stunting.
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Fig. 2 (colour online) Absolute change in childhood stunting across the world countries during 1990-2015. X, high income; m, low

income; A, lower-middle income; @, upper-middle income

Absolute f-convergence model

The catching-up process shows only the sign of the evolv-
ing convergence or divergence process. However, the
absolute f-convergence model shows the intensity of con-
vergence or divergence in select indicators across given
geographical units. Table 2 displays the results of the abso-
lute p-convergence model for child stunting in 174 coun-
tries. The rate of change in child stunting for the overall
period, 1990-1995 to 2010-2015, is considered as a depen-
dent variable, and child stunting for the initial period 1990—
1995 is the predictor variable. The same process is used in
piece-wise regression models for the sub-periods, 1990-
1995 to 2000-2005 and 2000-2005 to 2010-2015. The
results show divergent progress in child stunting
($=0-1925, P<0-05) across the countries during 1990-
1995 to 2010-2015. Similar findings are observed when
the absolute f-convergence models were conducted for
sub-periods (1990-1995 to 2000-2005 and 2000-2005 to

0.1017/5136898002100375X Published online by Cambridge University Press

2010-2015). The results indicate that the rate of decline
in child stunting is not greater among countries with higher
stunting prevalence in the initial period, thereby failing to
provide evidence of catch-up towards countries with low
stunting prevalence. The estimates of the speed of conver-
gence or divergence suggest that the decrease in child
stunting across countries was diverging at 7-04 % per year
in 1990-1995 to 10-4% per year during 2000-2005 to
2010-2015.

Factors explaining global divergence in child
stunting

The conditional Barro-regression model is used to identify
factors of global divergence in the rate of decline in child
stunting between 1990 and 2015. Considering the collinear-
ity across the predictors, we have modelled three separate
regressions in Table 3. In these models, we regress the


https://doi.org/10.1017/S136898002100375X

Public Health Nutrition

oL

https://doi.o

5604

10
T

-10

Change child in stunting (1990-95 to 2010-15)

Child stunting1990-95

Fig. 3 (colour online) Catching-up plots: the relationship
between the level of change in childhood stunting during
19902015 and its initial values in 1990-1995

annual rate of change in stunting levels during 1990-2015
by the initial level of child stunting along with eight other
factors, which are categorised into basic amenities and
health policies, socio-economic and climatic factors. The
results across all three models show that stunting in the ini-
tial period (f=-0-323, P<0-05, f=-0-402, P<0-05,
p=—0-519, P < 0-01) is negative and statistically significant,
indicating conditional convergence. The earlier divergence
is replaced with convergence after controlling for variation
in basic amenities, socio-economic and climatic factors
across the countries. Moreover, the findings also suggest
that the current divergence in child stunting is due to varia-
tion in health policies and socio-economic conditions
across countries.

Furthermore, each model presents the specific factors
that are associated with diverging progress in child stunting
across different countries. First, GDP per capita (f = —0-325,
P<0-01, p=-0323, P<0-01, f =-0-318, P<0-01) is sta-
tistically significant and shows a negative relationship with
the annual rate of change in child stunting across all three
models. This finding suggests that higher growth in GDP
per capita helps in reducing the child stunting net of other
important factors. Second, poverty is statistically significant
and positively associated with child stunting across all three
models (f=0-118, P<0-1, f =-0-323, P<0-1, f = -0-318,
P < 0-1). Third, spending on health is statistically significant
and has a negative relationship with the annual rate of
change in child stunting (f = -0-492, P<0-1, f = -0-512,
P < 0-1. These findings suggest that inter-country variation
in the growth of GDP per capita, rate of decline in poverty
ratios and public health spending are major reasons behind
the diverging progress in global child stunting. In particular,
variations in public spending on health across countries
are the biggest factor causing diverging progress towards
the elimination of stunting. At an outset, F-statistics in all
three conditional f-convergence models suggest ample
evidence to conclude that our adjusted f convergence
models fit the data better than the model with no inde-
pendent variables.
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Robustness checks

Kernel density plot

Figure 4 presents a Kernel density plot displaying child
stunting distribution over the period, 1990-1995 to 2010-
2015 across the world. We observe bigger peaks at higher
values of child stunting across the years, signifying that the
countries with higher child stunting are more in number in
three periods. The number of peaks in the latest period
2010-2015 (three peaks) is greater than what we observed
in the initial period, 1990-1995 (twin peaks), suggesting a
growing divergence in child stunting across countries over
the period. These results also support for multiple conver-
gence clubs instead of grand global convergence. Thus, the
results from Kernel density plots support our main findings
from the absolute f-convergence model.

Absolute and relative inequality

The AID and Gini index are additionally used to measure
trends in both absolute and relative inequality in global
child undernutrition over time. The results suggest that
AID for child stunting has decreased from 10-38% in
1990-1995 to 8:15% in 2010-2015. In contrast, the Gini
index for child stunting has increased from 26-44 % in
1990-1995 to 3149 % in 2010-2015 (Fig. 5). The rise in
relative inequalities in child stunting further strengthen
confidence in our main findings from the absolute
p-convergence model that progress in child stunting over
the period is diverging.

Discussion

Child nutrition is central to the human and economic devel-
opment and has implications for future well-being.
Although there is a large literature on child nutrition, pre-
vious literature has not investigated whether child stunting
progress is diverging or converging across the world. Our
study addresses this research gap by examining the conver-
gence hypothesis across 174 countries, using robust para-
metric and non-parametric measures to evaluate the
progress in child stunting from 1990-1995 to 2010-2015.
Further, although there are previous studies that measured
trends of inequality in undernutrition, most are specific to a
country or a region.

Our findings are important from a policy perspective.
They show that although progress has been made in reduc-
ing global child stunting over time, the relative inequalities
between countries have increased over time. There is also
evidence of a reversal or stalling of progress in some low-
income and lower-middle-income countries. The catching-
up plots and absolute f-convergence suggest that child
stunting is diverging across our sample of 174 countries
over the period 1990-1995 to 2010-2015. The findings
are also validated through multiple robustness checks
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Table 2 Absolute g-convergence estimates for child stunting across world countries during 1990-95 to 2010-15

Speed of divergence

Periods p-coefficient 95 % CI (lower-upper limit) P-value Adjusted R? (% per annum) No. of observations

1990-1995 to 0-1925** 0-052, 0 .333 0-007 0-034 -7-04 180
2010-2015

1990-1995 to 0-1143** 0-019, 0-209 0-019 0-0253 —6-66 180
2000-2005

2000-2005 to 0-2490** 0-054, 0-444 0-012 0-0291 -10-37 180
2010-2015

Significance levels:
**P < 0-05.

Table 3 Conditional Barro-regression model estimates: factors associated with divergence progress in child stunting across the world

countries
p-coefficient

Variables Model 1 SE Model 2 SE Model 3 SE

Lag value of dependent variable
Child stunting in 1990-1995 —0-323** 0-148 —0-402** 0-161 —0-519*** 0-185

Socio-economic variables (1990-1995)

Log of poverty 0-118** 0-0508 0-105* 0-0535 0-107* 0-0570
Log of Gini index 0-262 0-336 0-264 0-355 0-242 0-364
Log of GDP per capita (in US $) —0-325*** 0-0873 —0-323*** 0-0969 -0-318*** 0-108
Log of female education (Age 15+) - —0-0432 0-152 0-0578 0-200

Basic amenities (1990-1995)

Log % of GDP in health expenditure - —0-492** 0-248 -0-512* 0-263
Log of basic sanitation facilities - - -0-154 0-194
Log of basic drinking water - - —0-0803 0-380

Climatic factors (1990—-1995)

Air pollution - - —0-0478 0.222
Constant 1.599 1.523 2.794 1.778 3-920 2.531

No. of observations 132 125 118

Prob > F 0-000 0-000 0-002

R? 0-163 0-194 0-211

Adjusted R? 0-137 0-153 0-145

Significance levels:

*P<0-1.

**P < 0.05.

“**P < 0.01.

Dependent variable: Annual rate of change in child stunting during 1990-1995 to 2010-2015.

Density

T T T T T
0 1 2 3 4 5
Stunting (1990-2015)

kemel = epanechnikov, bandwidth = 0.2972

Fig. 4 (colour online) Kernel density plots: non-parametric test

of convergence in childhood stunting across world countries

during 1990-1995 to 2010-2015. ——, stunting (1990-1995);
, stunting (2000—2005); - -, stunting (2010-2015)
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using Kernel density plots, and absolute and relative
inequality measures. Kernel density plots specify for emer-
gence of convergence clubs rather than supporting for
emerging global convergence. It may be because several
laggard countries such as Djibouti, Papua New Guinea,
Central African Republic, Niger, State of Palestine and
Sierra Leone show negative progress, while countries such
as India, Zimbabwe, Belarus and Barbados have experi-
enced stalling progress in child stunting for the recent
period, 2000-2005 to 2010-2015. Unless large lower-
income and lower-middle-income countries from popu-
lous Asia and Africa make accelerated progress towards
the elimination of child stunting, global convergence in
child nutritional status is not possible. Further, our assess-
ment of factors associated with divergent progress in child
stunting using the conditional Barro-regression reveals that
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Fig. 5 (colour online) Trends in the AID for childhood stunting from 1990 to 2015.

disparity

heterogeneous progress in GDP per capita, poverty and
public health care spending are the critical factors behind
the global divergence in child stunting.

Replacing current divergence with convergence in child
stunting across needs concerted global policy on child
nutrition. Our empirical findings show that along with eco-
nomic growth, greater efforts are needed to address the
nutritional needs of populations living below the poverty
line by increasing state spending on health care and access
to food. To be on track to achieve the SDG-2 targets at the
global and the local level, the monitoring of the progress in
child stunting towards the goal of ‘Grand Convergence’
should be carried out at least every 3- or 5-year interval.
The use of convergence measures as a tool for observing
the stable and continuous progress of any public health
indicator, including child nutritional status, at the global
and local level would help in priority setting of policies
for progress towards SDG-2 by 2030.

Acknowledgements

Acknowledgements: None. Financial support: 'This
research received no specific grant from any funding
agency, commercial entity or not-for-profit organisation.
Conflict of interest: The authors have no conflicts of interest
to declare. Authorship: S.G. developed the concept of the
study. S.B. and S.V. acquired the data. S.B. managed the
data. S.B., S.V. and S.G. analysed the data. S.G., S.B. and
S.V. drafted the manuscript. S.G. and A.R. critically revised
the manuscript. All authors gave final approval and agree to
be accountable for all aspects of the work ensuring integrity
and accuracy. Ethics of human subject participation: The
authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national
and institutional committees on human experimentation

9/10.1017/5136898002100375X Published online by Cambridge University Press

, AID; -x-, Gini. AID, average inter-country

and with the Helsinki Declaration of 1975, as revised in
2008. The study used a secondary source of data available
in the public domain. Thus, it does not require obtaining
separate written or verbal consent from all the subjects.

Supplementary material

For supplementary material accompanying this paper visit
https://doi.org/10.1017/S136898002100375X

References

1. De Onis M, Blossner M & Borghi E (2012) Prevalence and
trends of stunting among pre-school children, 1990-2020.
Public Health Nutr 15, 142-148.

2. World Health Organization (2019) Levels and Trends in
Child Malnutrition: Key Findings of the 2019 Edition.
Geneva: World Health Organization.

3. Yaya S, Uthman OA, Kunnuji M et al. (2020) Does economic
growth reduce childhood stunting? A multicountry analysis of
89 demographic and health surveys in Sub-Saharan Africa.
BM] Glob Health 5, €002042.

4. Vollmer S, Harttgen K, Kupka R et al. (2017) Levels and
trends of childhood undernutrition by wealth and education
according to a composite index of anthropometric failure:
evidence from 146 demographic and health surveys from
39 countries. BMJ Glob Health 2, ¢0002006.

5. Mazumdar S (2010) Determinants of inequality in child mal-
nutrition in India: the poverty-undernutrition linkage. Asian
Popul Stud 6, 307-333.

6. Rammohan A, Goli S, Singh D ef al. (2019) Maternal dietary
diversity and odds of low birth weight: empirical findings
from India. Women Health 59, 375-390.

7. Tette EM, Sifah EK & Nartey ET (2015) Factors affecting mal-
nutrition in children and the uptake of interventions to pre-
vent the condition. BMC Pediatr 15, 1-11.

8. Black RE, Victora CG, Walker SP et al. (2013) Maternal and
child undernutrition and overweight in low-income and
middle-income countries. Lancet 382, 427-451.


https://doi.org/10.1017/S136898002100375X
https://doi.org/10.1017/S136898002100375X

Public Health Nutrition

oL

https://doi.org/|

Global trends in child stunting, 1990-2015

9.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

Van de Poel E, Hosseinpoor AR, Speybroeck N et al. (2008)
Socioeconomic inequality in malnutrition in developing
countries. Bull World Health Organ 86, 282-291.

Wagstaft A & Watanabe N (1999) Socioeconomic Inequalities
in Child Malnutrition in the Developing World. Geneva: The
World Bank.

Goli S, Chakravorty S & Rammohan A (2019) World health
status 1950-2015: converging or diverging. PLoS One 14,
€0213139.

WHO (2010) Nutrition Landscape Information System
(NLIS) Country Profile Indicators — Interpretation Guide.
https://apps.who.int/iris/bitstream/handle/10665/332223/
9789241516952-eng.pdf (accessed May 2019).

Barro RJ (1991) Economic growth in a cross-section of coun-
tries. Q J Econ 106, 407-444.

Barro RJ & Sala-I-Martin X (1991) Convergence across states
and regions. Brooking Pap Fcon Act 1, 107-182.

Goli S & Arokiasamy P (2014) Trends in health and health
inequalities among major states of India: assessing progress
through convergence models. Health Econ Policy Law 9,
143-168.

Barro RJ & Sala-I-Martin X (1992) Convergence. J Political
Econ 100, 223-251.

Dorius SF (2008) Global demographic convergence? A
reconsideration of changing inter-country inequality in fertil-
ity. Popul Dev Rev 34, 519-539.

Goli S & Arokiasamy P (2014) Maternal and child mortality
indicators across 187 countries of the world: converging or
diverging. Glob Public Health 9, 342-360.

Quah DT (1993) Empirical cross-section dynamics in eco-
nomic growth. Eur Econ Rev 37, 426-434.

Siddiqui MZ, Goli S & Rammohan A (2021) Testing
the regional convergence hypothesis for the progress in health
status in India during 1980-2015. J Biosoc Sci 53, 379-395.
Goli S (2014) Demographic Convergence and Its Linkage
with Health Inequalities in India; available at SSRN https://
ssrn.com/abstract=2993043 or http://dx.doi.org/10.2139/
ssrn.2993043 (accessed November 2014).

Goda T (2016) Global trends in relative and absolute income
inequality. Ecos Economia: Lat Am ] Econ 20, 46-09.

0.1017/5136898002100375X Published online by Cambridge University Press

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

5607

Szilcz M, Mosquera PA, Sebastian MS et al. (2012) Time
trends in absolute and relative socioeconomic inequalities
in leisure-time physical inactivity in northern Sweden.
Scand J Public Health 46, 112-123.

Dorius SF & Firebaugh G (2010) Trends in global gender
inequality. Soc Forces 88, 1941-1968.

UNICEF, WHO & The World Bank (2020) Joint Child
Malnutrition Estimates Expanded Database — Children 0—4
Age Group Who Are Stunted (% of Children). https://data.
unicef.org/topic/nutrition/malnutrition/ (accessed May 2019).
World Bank (2020) People Using at Least Basic Sanitation
Services (% of the Population). https://data.worldbank.org/
indicator/SH.STA.BASS.ZS (accessed May 2019).

World Bank (2020) People Using at Least Basic Drinking
Water Services (% of Population). https://data.worldbank.
org/indicator/SH.H20.BASW.ZS (accessed May 2019).
World Bank (2020) Poverty Head Count Ratio (% of
Population). https://data.worldbank.org/indicator/SI.POV.
DDAY (accessed May 2019).

World Bank (2020) Literacy Rate, Adult Female (% of Females
Ages 15 and Above). https://data.worldbank.org/indicator/
se. ADT.LITR.FE.ZS (accessed May 2019).

World Bank (2020) GDP per Capita (Constant LCU). https://
data.worldbank.org/indicator/NY.GDP.PCAP KN?end=2017&
most_recent_year_desc=false&start=1976 (accessed May
2019).

World Bank (2020) PM2.5 Air Pollution, Mean Annual
Exposure (Micrograms per Cubic Meter). https://data.
worldbank.org/indicator/EN.ATM.PM25.MC.M3?end=2017&
most_recent_year_desc=false&start=1976 (accessed May
2019).

World Bank (2020) Gini Index (World Bank Estimate). https://
data.worldbank.org/indicator/SI.POV.GINI?end=2017&most_
recent_year_desc=false&start=1976 (accessed May 2019).
World Bank (2020) Total Population (in 1000). https://
data.worldbank.org/indicator/SP.POP.TOTL (accessed May
2019).

World Bank (2020) Current Health Expenditure (% of GDP).
https://data.worldbank.org/indicator/SH.XPD.CHEX.GD.ZS
(accessed May 2019).


https://apps.who.int/iris/bitstream/handle/10665/332223/9789241516952-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332223/9789241516952-eng.pdf
https://ssrn.com/abstract=2993043
https://ssrn.com/abstract=2993043
https://ssrn.com/abstract=2993043
http://www.sheep.ie
http://www.sheep.ie
https://data.unicef.org/topic/nutrition/malnutrition/
https://data.unicef.org/topic/nutrition/malnutrition/
https://data.worldbank.org/indicator/SH.STA.BASS.ZS
https://data.worldbank.org/indicator/SH.STA.BASS.ZS
https://data.worldbank.org/indicator/SH.H2O.BASW.ZS
https://data.worldbank.org/indicator/SH.H2O.BASW.ZS
https://data.worldbank.org/indicator/SI.POV.DDAY
https://data.worldbank.org/indicator/SI.POV.DDAY
https://data.worldbank.org/indicator/se.ADT.LITR.FE.ZS
https://data.worldbank.org/indicator/se.ADT.LITR.FE.ZS
https://data.worldbank.org/indicator/NY.GDP.PCAP.KN?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/NY.GDP.PCAP.KN?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/NY.GDP.PCAP.KN?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/NY.GDP.PCAP.KN?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/NY.GDP.PCAP.KN?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/NY.GDP.PCAP.KN?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/EN.ATM.PM25.MC.M3?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/EN.ATM.PM25.MC.M3?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/EN.ATM.PM25.MC.M3?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/EN.ATM.PM25.MC.M3?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/EN.ATM.PM25.MC.M3?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/EN.ATM.PM25.MC.M3?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/SI.POV.GINI?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/SI.POV.GINI?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/SI.POV.GINI?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/SI.POV.GINI?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/SI.POV.GINI?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/SI.POV.GINI?end=2017&most_recent_year_desc=false&start=1976
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/SH.XPD.CHEX.GD.ZS
https://doi.org/10.1017/S136898002100375X

	Progress in child stunting across the world from 1990 to 2015: testing the global convergence hypothesis
	Methods
	Data
	Outcome variable
	Predictor variables
	Patient and public involvement

	Empirical strategy
	Catching-up process
	Absolute &beta;-convergence model
	Conditional convergence model
	Kernel density plot
	Absolute inequality
	Relative inequality

	Results
	Trends and changes in child stunting
	Catching-up process
	Absolute &beta;-convergence model
	Factors explaining global divergence in child stunting

	Robustness checks
	Kernel density plot
	Absolute and relative inequality

	Discussion
	Acknowledgements
	Supplementary material
	References


